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“publications:such as this.

times.for more specific guidance..Some-teachers i 10 put’ over a body of knowledge wh]I . )
~5Silie7s are copcerned to develop in their students an-attitude of mind and technological : /ﬁ
- know-how invaluable in problem solving. Sometimes technological activities have originated

in science departments, somctimes in school workshops, but usually they have developed *
to.embrace or touch upon every department of the school. The whole range of teaching
materlal produced by, Prolect Technologwtended to help teachers achieve the balance

“namoral intheirschools, o ReEs——

These publications play a vital role in realizing the central aims of Project TGChhbldgy to sée“ -
that all 'students become aware of the technological forces of significance for society, to give
as. many students as possible gpportunity to become involved in the technological design

‘process, and to help them push forward the frontiers of théir own technological resources in
terms of boih theoretical knowledge and practical skills.

Manv people, partlcularly those responsible for the dlver51ty of activities in the reglonal
groups of Project Technology, have played impdrtant parts in developing and writing teaching g
material. In the case of Industrial Archaeology of Watermills and Waterpower (and its . ‘ :
compapion volume, Industrial Archaeology for- Schools) we are indebted to Mr Geoffrey Starmier,

iy head of the Education Unit at Lanchester Polytechnic (Rugby), and now a Senior
ith Northamptonshlre Education Department for developmg and ,wntmg up this.material.

Schools Couricil Project Technology

o
’ ’ *. -
"
iiiiiii : ~ } A
. chhno]omml activifies are now f"rmly estabhshed i many schools. They have been introduced - -
"By diverse methods, but they are here to stay — and to developfurther, given | the help of >

Sometlmes teachers turn to Project Technology pubhcatlons for general _guidelines, at-othep~~mo LT
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link science, techmcal anu arts SUD_]eCtS within' the school in a way that helps- to bring these
subjects alive.in the context of the community, past and present around the school. A wide
. spectrum.of past mdustnal act1v1ty was delrberately covered by this handbook in order to show '

I

“students: . / 8 . . ;

Dn/ further handbook Industrzal Archaeology of Watermills and Waterpower fshows how as_
particular topic can.be develooed in depth “Although waterpower ha§ been usel for many =
industrial Jpurposes, the Tiost common evidence of waterpower applitation tlubugllout the V
country is in connection with corn grinding. Therefore for many schools, the waterpowered ‘
“corn- grmdmg mill'is one of the most promrsmg startmg pomts for work in md[ustnal archaeology;a,

It was stressed in Industrzal Archaeology for Schools that most subjects in theJ school curnculum
/" can’be Telated tofindustrial archagology. The diagram. shows liow a nUmber of school Sub_]
.~be’related in partrcu]ar to the industrial ar;chaeology of watermrlls ’ !
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" Industrlal archaeology
of watermllls

1.1 HISTORY OF WATERPOWER

One of the earliest known machines for utilizing water—
power is the noria or ‘Persian wheel’ shown in fig 1.1 used
for irrigation purposes in the great river valleys of the s
Near East. There is evidence that these wheels were already
known by the second- century BC "if"d examples.can stlll
be found'in Syria, some as large as ”1 m dmmetel

Various versions of the noria wheel existed, of whicl, one
~form was a light wheel rotating on a horiZontal axle dnd
fitted with'paddles which dipped into the stream where
the current was relatively swift, so causing it to revolve.”
Small ‘buckets’ or pots attached te the rim were filled
w1th water as the paddles dipped into the stream, and
emptled near the top of the rotatlon of the wheel, as "
shown in fig 1.2,

The noria wheel was a self-contained device, not used to
drve any other.machine; but it'may have influenced.the- -
“arrangement of the horizontal-shaft Roman mill first

"~ described by Vitruvius (see Section 1.2, page 10). How- . -
- ever, before this was introduced waterpower had been River Orontes by means of pots fixed izrounclﬂ[ L"’frcumferen'cc dn'd -
. applied to corn grinding in the form of what was later- . discharging into the aqueduct just below the top of the wheel
known as the Greek mill (fig 1.17, pagé 10) or NorsL'Mill‘  Photo: Science Muscum, London .
(in Northern®urope). Despite their mefﬁmency, these o ) ) : ’ o e
primitive horizontal waterwheels: Were applied for other L
purposes than milling; it is recorded that one was used to s " :
_.operate bellows in China in 3JWAD. The horizontal wheel )
(known as the ‘tirl’ in ngr.th’érn areas) originally used flat
wooden blades, the number varying between four and - .
twelve. Paddles, cufved in plan and carved from solid wood,
were introduced later although flat ades continu'ed in use..

However, until the fifteenth century the ‘main deveIOpments
in waterpower concerned the Vitruvian- type mill which:
by the fourth century was being used in increasing numbers.

/

The earliest' vertical waterwheels were of the undershot
type, but soon after their introduction the Romians”
realized the advantages of utilizing the weight of fallings
/-water as well as the velocity of a flowing stream for
providing power. Where the levels of the grotind were- .
suitable water was tarried over the top of the wheel, k
whose paddles were arranged to hold the falling water

‘and so make use of its weight to drive the mill. Such
Gyershot waterwheels were used in a remarkable instal- .
lation (illustrated in fig 1.3) at Barbegal, 9.5 km
from Arles, near the mouth of the Rhone in Southern
-France: Built in the early part of the fourth century in the
time of Constantine, the power was obtained from eight
~pairs of overshot waterwheels (each 2.2 m diameter and ’
0.7 m wide), each driven by the tail-water’from the wheel
_-above and driving a pair of mill-stones of about 0.9 m ~— |
diameter. Withea total fall of 2 m’it has been estimated

that 28 tonnes of corn could be ground in'a ten-hour ’ , : ‘
Working day — sufficient to feed a population of 801000.,4 B Fig 1.3 Diagram of Barbegal watermills

Fig 1.2 Pril;qiple of wheel of pots

v’
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* This-was p:obébly-the largest waterpower installation in
the whole world for fourteen to fifteen centuries.

“In 536 AD, Vitiges, King of the Goths, besieged Rome and
cut off the aquaducts which supplied the mills: This'

9,caused so much distress ini the city that the Byzantine
general Belisarius built floating mills which were moored
in the Tiber, the wheels’ ‘being driven round by the
velocity of the current. Such floating mills were used on
the River Tigris in the tenth century, on the River Seine
“in Paris in the twelfth, and on the River Thames in the-
sixteenth’and seventeenth centuries. They were COMmIMmo#
on the Tiber and Danube in the mneteenth century, and
some survive there today. Unlike most other waterwheels,
‘the floating mills have the advantage of constant water

.- level in relanon to the wheel.

After-the fall of Rome, the first develdpments in utilizing

~waterpower seem to have been the introduction of tide
mills, from the eleventh century onwards, in this country.

- 'With these mills, a causeway was erected to retain water
at high tide. The flood tide entered the enclosure through
sluice gates which clesed as the tide ebbed. As soon as
-the 'water level below the-mill had dropped to the lavel

" of the tail-race, sluices were opened to allow the retained
water to run away through the mill-race and so turn the
waterwheel. ’

. Soon afterwards, we find references to the use of water-,
power other than for milling. In England, in a'survey of

the Templar’s lands in 1183, there'is mention of a. "~

“molendium fulerez’ or fulling mill at Newsham in
*-Yorkshire, and another at Barton in the Cotswolds

" Fulling is a process in the wodllen trade. After weavmg,
the cloth is pounded in water to shrink it and to mcrease
the densny of the material by causing the fibres to bind
3 together. During this process the cloth is cleaned by
"-adding fuller’s earth to Temove the oil with which the
wool was impregnated for spinning. Originally, fulling was
dene by-hand with clubs &5-by trampling the cloths -
underfoot. This method was replaced by the waterwheel-
driven fulling mill, fig 1.4, consisting of one or more

-~ hammers, actuated by trips operated by the waterwheel,
which automatical]v beat the cloth in wodden troughs.

~This operatlom demanded a minimum amount of super-
vision and Spl'fyswal effort from the workmen. The other
- processes involved in the production of woollen cloths
(carding, spinning, and Weévihg) were carried on as cottage
industriéas until the eighteenth century, but the advantages
of the waterpowered fulling mill were sufficient to carry
the wodllen'itade to those parts of the country where
waterpower. was available. This did-not happen quickly,
‘but whereas in the twelfth and thirteenth centuries the
cloths being-exported were ‘of Stamford’, ‘of Lincoln’,

‘of Louth’, “of Beverley’, and ‘of York’, by the fourteenth
-and fifteenth centuries the demand was for ‘Kendals’,
‘Ludlows’, ‘Cotswo’lds’, #Strbuduates’, or ‘Westerns’.
~Thus it seems-that the advent of the water-driven fulling
miill was one of the major factors influencing the move-"
‘ment of the woollen industry from urban to rural sites

and from the south and east of England-to, the north and
west, . -

Another industry which Began to use waterpower was
the iron industry. In the early iron smelting processes,
the iron did not run out in the molten state for casting

7 refer to water-driven tilt hammers which were probably

o

but wz}é removed a$ a pastywlurr'xp (‘bloom’) of crude iron
whicli was hammered to expel most of'the slag. At first -
the h'amm‘ering'Was by hand, but as the blooms became
targer more powerful methods were required. There isa :
French record of a moulin de fer as early as 1249, and
charters of 1311 refer to molendina ferrea. These could

s

; #
adapted from the fulling mill. Fig 1.5 showsthe operation
of the tilt hammers. -

* »

In this country.the early centre of the iron industry-was in
thé"Weald, and the ironmasters in Kent, Sussex, and Surrey
were eventually in difficulties due to the lack of suitable
waterpower potential.

"Considerable expense was involved in building and main- :

v

-

taining ‘Nammerponds’ in qrder to conserve water. Even

3
s'hanks of stocks\
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‘Fig 1.6- Water—dﬁverrrbello»vs used in blast furnaces




_v"By coitrtesy.of Science Museum, Lovdon .

Fig 1.7 Three ponds for providing water power for the blast furnac
& :
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Fig 19 h,ngefSi'lJle waterwheel as used in the American gold . -
mining areds. The direction was changed by turning the " .
rotary valve on the-inlet 120° - = - . .
From On thé power of water to turn mills, by.J Glynn, 1853

*

4l Fig 1.8 A sixteenth century example of a reversible water- e
- wheel, The overshot wheel has two rows of buckets set :

* facing opposite directions. The man at O, by rheans of rods
and levers, is able to direct the water into either row of .-
buckets. When he directs it through trough E on to the

nearest row of buckets, the wheel will rotateanti-clockwise: -
if directed through F onto the furthest set of buckets, the
wheel will turn clockwise. This. was used to lift buckets of -
water-gnd lower them again to the bottom of.a nine
Frqm De Re Mgta[[z‘cn by Georgius Agricola, 1556
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. enormously

. loading, such, as thie gudgeons, nserted {nto the timber

- G

S0, the smal} streams feedmn them sometimes failed
completely in summer and it has been suggested that the
very dry years of 1737 to 1750 contributed, along with

" the depletion of the natural forests, to the eventual ]
- demise of the Wealden iron industry. With the introduction

of the blast furnace (an early reference to a blast furnace

. in England records one at Newbridge, Sussex, in 1496),
waterwheels were used to supply the necessary blast and

there was an increase in the demand for power because ~
of the extra processes ihVo]ved See ﬁg 1.6 on page 3.

kThe blast furnace produced molten iron-which was cast

- mto pigs. At that:time the demand ‘was still for wrought

“iron,so that the ‘cast- 1ron/ pigs were taken to a forge where
they were reheated in'a charcoal -fired hearth or finery and
stirred about whilst air was blown on it. The oxygen in

" theair combined with the carbon'inthe iron, thus gradually

convertmg the cast-iron to wrought,i iron. On removal
from the finery, the iron was hammered intd a roughly
“rectangular block, usually by means of a water-driven
tilt hammer. To work the iron into its final shape, it was
reheated once again in the chafery and hammered to the
required form, also by tilt hammers. In many places the

".water supply was unable to provide the,power required ..

for the blast furnace, forge, and chafery when situated close

together.' To dbtain the necessary power, the tliree activities.

.were carried out some distarice apart so that a suitably large
pond could be avaﬂable to'serve a waterwheel for each
operatlon See fig1.7."

By 1550, when Georglous Agricola completed his famous
bgok on mining, De Re Metallica (first published in 1556,
after his'death), waterwheels were being used in central
*‘Europe for crushing ore, pumping, ventilating, and winding,
in addition to blowing. Nearly all of the 111ustratrons in
Agricola’s book show overshot waterwheels, and one;

fig'1.8, depicts a waterwheel capa\b‘le of reversing its direction
of rotation. A later reversfble waterwheel is shown in

ﬁg 1.9.

By the sixteenth century, the breastshot wheel had beem
introduced; and gave some.of the advantages of the overshot

. wheel without the necessrty to build elaborate earthworks

and launders. The breastshot wheel required a definite head
of water 5o that the number of waterpower sites which
could workon a partlc lar stretch of river beécame more

~limited. This gave rise to disputes between adjacent mill

owners, and-the number.of law suits at this tlrne mcreased

- ’ 4

Up to this time the waterwheels were vrrtually all of =wood
_ but during'the sixteenth and seventeenth centuries wrought _

iron was introduced for pdrts subjected to heavy wear o1

shafts Wthh rotated i inthe wheelshaft beanngs

"jAs the dcmand for power mcreased it could not be satlsﬁed

by the seam engine, whlchwwas still in its infancy. (The "
first economic steam pumping engine was invented by
Thomas Newcomen in 1712 for. dewatermg mines but was
later adopted for.other purposes.) The first textile mill
was Thomas Lombe’s silk throwmg factory at Derby,

/

* which openetl-about 1721; 150m long and six storeys

high, the considerable amount of machinery was driven
by waterpower. Twenty, years Tater, Lewis Paul and
John Wyatt’s roller method for:the mechanical spinning

| df}"‘eottonfwas used inthe Northampton Cotton Mill, which

e

i RO :

was drlven by a waterwheel /Although tlus may have been
the world’s first power-driven cotton ‘mill it ‘was not success-

- ful, and it was: ‘Arkwright’s hnll at Cromford, completed i in

1772, wlnch Taid the foundation for mechanizing the
cotton industry. The 1nve14t10n in 1785, of Cartwright’s
power loom increased production i in the industry, which’
became even more dep/ndent upon a reliable forrn of
power.

1t was at the start of this period of enormous increase in
dermand for. power that:John Smeaton made the first
scientific study of waterwhee]s in 1752=3. He constructed
a model which would run either as an undershot or over-

“shot wheel, and measured the power output by the time

necessary to raise a weight through a given height. The
input, or rate of flow of water onto the wheel, was
measured by the number of strokes of a pump of known
dimensions to maintain a given head of water in the tank
supplying water to the wheel. See fig 1.10.

Smeaton realized that a considerable amount of energy was
lost when a jef of water struck the flat paddle of an under-
shot wheel, and that it was better to develop power by

rod for

adjusting [
sluice

(b)

\ . : -
Loy :

Fig 1.10 Sméaton’s apparatus for (a) experiﬁtents with waterwheels,

(b) means of altering position of wheel relative to sluice




-~ with an overshot wheel.

often not strong enough to 'produce the power expected.

filling the buckets of an overshot wheel. Assuming his
relevant measurements were correct, heobtained 22 per

cent efﬁcxenw ‘with an undershot wheel and 63 per cent -

About this time, the efficiency of the breastshot wheel was
considerably enhanced by'introducing a close-fitting curved
facing to the Weir at the wheel. Waterwheels were built
with larger diameters and widths than previously but were

. Carron Ironworks. There were difficulties inproducing,

“they-had been established. In 1777 James Watt erected

“water to the.waterwheel in times-of drought. A-model.of

< against atmospheric pressure, so discharging the water into

" was closed and another valve at D opened ‘to inject cold . : =y D

,ﬁxed to the waterwheel : I ' B - B B It

f. Watt before the patent for the separate condenser (which : e -

_condenser patent, Boulton and Watt did not have a-

Newcomenytype engine, to those built by the Manchester

“design. A d1fﬁculty encounterecl w1th the overshot wheel
o

TTie weakest tomponent was.flie shaft, and in 1769.;
John Smeator fitted what is thought to be the first cast-
iron shaft to a waterwheel driving a blowing engine at

ldrge castings so that many composite wheels were made
using wood and iron, but by the turn‘of the century water-
wheels were being produced with complete frames of iron,
w1th wood used onlyfor the paddles

Already some industrial concerns were worried about the
lack or uncertainty of waterpower-at the sites on which

one of his beam pumping engines at Soho to return tail- )

the pumping engine is showr in fig 1.11. Fig 1.11 Model of ‘Old Bess’, -erected at Matthew Boulton’s manie- -
S : . Jactory ar Soho, Birmingham, in 1777. Irs ditty was to pump water
.Joshua Rigley’s rotary steam engine, fig 1.12, was also used from-the tail-race back into the head-race serving a waterwheel of
“to prov1de a head of water for an overshot wheel. With * 7mdigmerer and 2 m wide, at times when the natural flow of the
the chamber A almost filled with water as shown in 12, stream was inadequate. It has been estimated that the combined

efficiency of the engine and waterwheel was about one-haif of the

a valve at D was opened to allow steam from the-toiler B mechianical efficienicy of a rotative engine directly coupled to the
to ent.er the chamber A. The pressure 11151de' A was then shafting driving the machinéry in the manufactory
sufficient to open the ‘clack’, or self-operating valve, at F Crown copyright. Scierice Museum, London

'

the pentrough R«-feeding onto an overshot waterwheel, W.

\

When charnber A was almost Fullof steam the steam valve - ~ . r-‘ : ) o

water into A. The steam condensed and the atmospherlc ‘ .
pressure on the water in the tail-race, H, caused the clack : . ; -
at G.to open and allow water to rise up the vertical pipe ’
and enter chamber A. When this was nearly full, the cycle
of operations was repeated. » .

Theﬁsteam inlet aﬁd‘injection witer valves at, D weré :
worked alternately by two push rods (although only one . E-é
is apparent in the diagfam) operated by a cam plate T, = el

: J =7 . g ! WL
It was not until 1783 that Watt produced the first rotatlve ' ' 3 =
éngine, but over 300 of these were supplied by Boulton and i

gave their engines superior efﬁmenmes compared with . -

others) expired in 1800, It has been estimated that on ~ , : ) i

average these engines gave:about 11 kW. Déspite-their — - SERRNNNNNNNN \\ SR -t// LE
g

—

- ' \

m'onopé]y on the construction of rotative steam engines. y
Besides builders who ‘pirated’ the idea.of the separate ‘
condenser, there were many engines built without it;

ranging from rotary power adaptions of the inefficient

firm of Batemari and Sherratt which were identical to
those of Boulton and Watt gxcept for the.separate.conden-.
sef which was to be added ad.soon as the patent expired.

LSS
=

During this time it seems that waterwheels were still pro- / ARSI \\\\\\“\
viding a large proportlon of the country’s power require- . .
ments and improvements were still being made in their” & - Figl.12 Arrangement of Joshua Rigley’s rorary steam engine .l
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was that its lowest -buckets moved in the opposite
direction to, thztt of the flow of the tail-water. If the level

of the tall -race rose so that the lower bud\ets of the ‘wheel
were submerged, the conditioh was descrlbed as-*back-
“watering’ and-the power output of the waterwheel was
-, reduced. This was overcome by the‘introduction &f the
:‘pituh‘back’ type, which was particularly useful wlen the
water levels in the tail-race were hable to marked
fluctuation: s

Another trouble was encountered with the varying head of
the water coming onto the wheel. For maximum efficiency,
~_the largest-available head needs to be-used and to allow for
this, John Rennie, in about 1783, invented & sliding-hatch
*." mechanism. This consisted of*a fixed set of inclined slots
“ina curved plate following the shape of the outside of
'the wheel. The lowest slot was just below the water. level
Cat minimum head, and the top slot was just below the
water level at maximum head. The sliding hatch was a .
curved iron gate, operated by rack and pinion, to cover
any of the slots. The maximum available head was utilized
by lowering the hatch as the water level fell. This is shown
in fig 1 13 ’ :

i

=

- In" 1824, the French engineer J V. Poncelet greatly improved

_the efficiency of the primitive undershot wheel by chahnel- |
ling the water below an mclmed sluice and, using-sheet
iron, was able to give the paddles a carefully calculated
curve.so that the water enfered and left the wheel with -
very little shock. Large nunibers of Poncelet wheels were
installed during the mneteenth .century. The principle of

operation is shown in ﬁg 1 14 k\yage 8.

" The power from the waterwheel was normally transmitted

through its shaft. However, since the wheels rotated .
comparatively slowly, the torque on the wheelshaft was
high compared with the power transmitted. Even with an
iron shaft, there was a limit to the power which could be
developed if the shaft diameter was not to be uneconomi-
cally large, to prévent it failing under the shearing action
ofthe high torques. Early in-the nineteenth century, ‘this

difficulty was overcome by the introduction of rim drives
in which a gear wheel was built” up inside the rim of the
waterwheel and. trdnsmltteq power to a small pinion. This

-would run at very high speeds so that there was only a

* small torque on its shaft and the main shaft, only had to be

strong enough to support the weight of the waterwheel,:’ -




= Fig 1,14 The Poncelet wheel — a great jmprovement on the primitive
o From On the power of waler to.turn mills, ¥ Glynip, 1853 -

~which itself could now be of‘ligh‘zer design with spokes
and bracing of wrouglit-iron rods in tension. (There was
reputed to hdve been a waterwlieel in Ireland with chains
‘holding-the-ﬁm and buckets to the shaft!) This opened

1

*the way té designers of even larger and more powerfu
‘waterwheels. ~ i

With the very large waterwheels, there were troubles due
" so that the buckets did not get ‘the required quantity, and".
also due to difficulties in emptying the buckets when the
_bottom of the wheel was running submerged. William ¢
Fairbairn introduced ventilated buckets, fig 1.13, which
+-enabled the air to eﬂs_capé so that the water could enter
-~ more quickly and; at the bottom, for the air to re-enter,
:~thus helping thti:fwater'to discharpe faster. He estimated
that this modification gave a 25 per cent increase in .
_power. | A S B ‘

~With these various improvements, some very ﬁ)owerful
rwaterwheels were built during the first half of the nings
tecnth,centmy They needéa good supplies of water, and
*the mill ’ownefs sought this either ,
<1 by bdﬂding their mills high up the valleys where the
‘ streamsbﬂowr ed swiftly and there was high rainfall, or

by, constriict]
water from 4a|
several hours

ng dams and mill-ponds to conserve the |
relatively small flow so as to.provide . .
of adequate supply,. or- E !

By participating in water sypply., schemes.

Shaw’s Waterwporks for the supply of power and domestic
‘water to Greenock which was completed in 1827. There

.. tespectively, and a watercourse 9.7 km long bringing trpeh
sl g : ) : o, .

=8

"

.'to air being ti'apped in the buckets as “thf‘:’ water eknte’r-e'dy,“‘ o

~The earliest of these large-scale schemes in this country’was
‘were three reservoirs having areas of 150, 15,and Sha =

S P

undershot wheel

L

water to the town (instead of the mills having to.be built"

in remote places where water power WS- avaitable). Several
similar schemes were prompted ih this country andailso in
America. :

[
S

The followingexamples ‘give an indicatiod

of the size and
“rpower of waterwheels at tiis time: - e N

v

1 In 1827 erwéter‘“‘/’h\ééf7 m diameter X Sm wide gave
66 kW at Arkwriglit“Mill at Bakewell. This-was used by
the DP Battery Company until 1955.

About 1830, a 21 m diameter wheel, 4 m. wiie, provided
142 kW at Shaw’s Cotton Spinning Co, Greenock. This
- was one of the waterwheels supplied by"Shaw’s Water-

works, mentioned abovers_ g

3 About 1 840,al5m diameter\v\c!feel, 3 m wide, gave
65 kW when pumping WheqlﬁﬁéndShip Mine near
“Tavistock, De;vox_g. L o .
In 1843, the ‘Brz_i.tish firm of Bryan Donkin built a’
wheel 23 m diameter and 0.6 m wide which ‘was-exported

¢ S

to Ttaly to drive a-félted cloth mill.

: j W
Iri 1854 the Great Laxey Mining.Co, on the Isle of Man,
~erected 2 21 m diameter, 2.m wide pitch-back. waterwheel *
.. weighing 100 tonnes giving 17.2 kW at 2% rev/min and
known as The Lady Isabella Wheel. This was used to purip
water ffom a lead mine. The wheel was.used until 1929,
. when the mines were abangdoned, buf is still standing as
a tourist atiraction (fig 1.15). The wileel axle is 5m¥ong « .
-_and 0.5 m diameter, and has a-crank.of 3 m throw by, -.
which the power was transmitted to a series of horizontal .
- -oak connecting rods, carried ofi wheels running-on an '
. arched stone causeway to the toprof the pump shaft .
180.m away up.the vdiley. See fig1.16. The pump_:r.gd was

- 450'm long and lifted more than t i -per minute,

5 oV
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jieel at Laxey, Isle of Man. The water was

"'Fig 115 Pitch-back wate

. “supplied from a reservoir higher up the/valley, the head of which is...
“sufficient to raise the water uﬁio ‘the top of the circular tower and

on to the launder serving the wi e\el Note the smnondry curved cover
:‘over the wheel near the tower, to'\prevent water being blown out of
the buckets on the wheel. The crank, on the wheelshaft, is partly
hidden by the tree in the foreground\but the connecting rod to the
bell-crank lever and counterbalance we
the masonry supporting the Wwiheelshaft

Fig 1,16 Some of the stonearches which used to support. ‘the series
of connecting rods, the ends of each camed on wheels, which frans-
mitted power 1o a bell-crank lever above the pumpihaft—zz quarter of
a mzle up the valley . ®

ht is visible on_the right of .. .-

built at RJshworth Mills, near Halifax. This welghed
70 tonnes and is reputed to have been made up of

29 300 separate pieces: It was dlsmantled inil 949 and
replaced by a turbine. P

owever, by 1840 the steam engine had become the

,generally accepted prime mover and was ahle to supply

/ ‘the enormous increase in demand for power. No longer

| was the availability of waterpower an influence upon

- the development or location of industrial dctivities, and
soon. steam engines were being built, e/ach ‘capable of

-providing thousands of kilowatts — a,n amount 1mpossfb1e
with waterwheels in Brlta_m although in.the USA, in
1822, 'on the Merrimack River nea.;lkjowell high
eff1c1ency waterwheels develgped /a total of 7a5 mW.

N

In this country, the use of existin waterwheel 1nsta11at10ns
declined throughout the-nineteenth century, mamly for
two reasons:

1

,,From the begmnmg of th Y century, the drmnage of and
~ was cons1dera°cly imprg ed. Although benefitting the
land, this had an“effeef on the character:of the rivers
in that at times following rainfall there was ﬂooding
" with rivers running very fast, and at other tlmes their
flow was as much reduced. This great variatiorilmade it
. impossible to work wheels economically at some sites.

There was.an increasing diversion of water from higher
“districts to supply the-domestic needs of the expanding
towns and cities. Although mill owners stoutly defended .
their compensation-water rights, they were usua]ly
persuaded-to give way due to the availability of
alternative sources of power.

On the continent the situation was different, particularly
in France where early in the nineteenth century successful
Vattempts were made to"use an 1mproved device, the water

turbine; to harness the water\power resources there The
development of the turbme is dealt with later in Sect1on 3.

' -

6-In"1864.a 190kw_wheel 17.m diameter, 4rri wide, was__ -‘

e
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: ~As soon as early man began to eat the grain or berry of .~
2 the wild grasses, he must have realized the eed for son/le
= prehnnnary crushmg process, The first cruslung would -
.. probably have béen by pounding the grain betwgen stones,

- oL 2\ﬂ'lSTORY OF CORN MILLING

Modern wheats are denved fromi wild grasses wlnch seem to
have been first cultlvated in tife Middle East, at least 5000

o :k‘years before the birth of Christ. Subsequent improvement

of ‘the strains by selection and experlment enabled wheat
to become the main food crop in many countrles through-
out the world : :

and this operation developed to the use of pestles in stone

e mortars ‘This method was definitely tsed by the Egygmans

———was emptied- from- tlre“rrrortarm‘to‘a—srevefor‘srft‘rrg ‘the

A \

! “saddle shiape and resulted in the so-called saddle quern.

s

-

and on.the evrdence of one of the pxctures that decorated
- -the house walls in the town of Thebes, the crushed graun

bran from the flour. ’ o !

Milis of the pestle-and mortar type are based on the 1mpact
prrncrple but this was inefficient in its use of man’s

. muscle power. By 4000 BC a true grinding action was

- produced by ,workmg 4 Tubbing stone*backwards and
‘forwards across a base stone which. eventually was given'a

‘By the time of classical Greece, the pushing mill had been*

developed., In this, both stones wete flat and grooved, with

" the grain being fed from 4 hollow in the upper surface of

the top stone through a slot onto the grinding surfaces at
the interface of the.two stones. In some cases the top stone
was fitted with a stick running across it as a handle by '

. which to-and-fro circular motion was giverr to the top storte.

Another line-of development seems to have started with
grain rubbers in the form of a concave dish similar to a
very shallow mortar, with a squat spherical rubbing’s stone
like a bun-shaped pestle. With the addition of a handle
eccentric to the axis of rotafjon in the top stone, this

.-became the rotary quern. These were small, about

.30-45 cm diameter at the most, and this type of mill
seoms to have reached southem England dunng the first
century BC. . . .

¢

In the early comblnatlons of mill- stones they tended to
* touch each oﬂler and contribute stone grif to the meal.

* The grit contained in the bread from such flour is reputed

to have continued Tepriading action on the teeth of those
“eating it, hence the pointed teeth found.in the skeletors

; of early man. The arrangement of the. stones gradually

‘evolved so that'a stage was reached in which the. upper
stone was carried on a. protrusron or spindle from the

'~ “centre, of the lower-stone so that the stones ‘touched only:

107"

lightly if at all. Stone-dust contamlnatlon ‘was thus avoided. -

Despite the small output of this type of mill, it was useful
<in a culture based mainly on domestic units. During the
Roman period commercial mllhng establishments began
to appear, using larger and ‘more sophisticated versions of
the rotary quetn: There is evidence of donkey mills for
-cereals in' Greece by 300 BC, and donkeys were used on.

- the Roman mills. Those found among the ruins at Pompen

(datmg from ¢ 79 AD) are of a peculiar form of construction

with the revolving stone shaped like 2 hollow hour-glass
cand rotating on a conical stone base In general, the mill-

The earhest known reference to.the use.of a waterwheel for
driving mill-stones is in the writings ofJ-Antlpater of
Thessalonica, about 85 BC, whleh translated reads:

Cease your work, ye maids, ye. who laboured at the mill
Sleep now,.aid let the birds'sing to the ruddy morming
For Ceres has commanded the water nymphs to perform your task
‘These, obedient to her call, throw thems%gv on the wheel
. Forc oundjhaaxle -tree. and_bv ﬂresememmtlzejlean}_null B

Tlns m111 appears to be of the type where the upper stone’
was driven from below by a vertical spindle carrying at-its
lower end a wooden rotor or impeller, as shown in fig 1.17.
This prlmrtlve arrangement, which had no gearing, was
kpown later as the Greek mzll

JFig'1.17 Primitive Greek mill- _— : }

With the runner stone revolving at the same speed as the,
water-driven rotor, sufficient speed for grinding could

- only be obtained in small, fast-flowing streams. There-

fore these mills were restricted to hilly regions where -

small quantities of fast-flowing water were found. They

were inefficient-and.incapable of gnndmg much more:

than the needs of a single famlly However these ,
primitive mills were soofi w1d€ly adopted; the type has
survived until the present day in Portugal and an
example is: preserved at.Dounby i in Orkney See flg 1.18.

“About 15 BC Vitruvius wrote De Archztectura in which *.

he referred to engines for raising water which included
the noria wheel (see page 2) and to'the ‘tympanum’ and
went on to describe a vertieal waderwheel, ie rotating on
a horizontal shaft, to which was fitted a toothed gear
meshing with a larger toothed gear whéel mounted on

“tievertical spindle carrying the uppér mill-stone. Rome

did not make immediate use of this more efficient water-
‘mill and several reasons have been given for this:

1 Large nurnbers of slaves were employed in the city’s
mills. If these were made redundant by the new water- -
mill; there would be the p0551b111ty of riots and other
disorders. .

2 The classical attitude of the time towards machincry was
one of disinterest in practical dpphcatlons In conjunction
with reason 1, there was 1o financial interest to

stones were flat and continued so untll tlre‘atlvent of roller
grmdmg in the nrneteenth century.”

T

erficourage efforts o overcome tlie practical difficulfies

" in applying gearing to such mills.

4
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: Fz}g 1,18 :Click niill at Dounby, Orkne)", preserved by the Department of the/Environment. Although it represents the general arrangement of

1orizontal waterwheel mills, this example is-unusual in that its runner has t{ie blades arranged in two rows
/meing from official guide published by HMSQ . 7 .

"

n the distance, Chesffers: Forton Hadn_'ahs Wall, and in the -foreground, the remains of the répilzéd Roman watermill
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3 There could have been a fear based on rehglous grounds twelfth century, the windmill was mtroduced in manors
of harnessing any of the forces of nature. However this having no.suitable water supply for a watermitl. Later
last reason did not seem to deter the setting up of %, mills did not have the privilege pf_claiming sole rights
~horizontal waterwheels “or freedom from tithes. In‘addition, the rivers were used
* far inland for transport and came under the jurisdiction
In the distant provinces of the'Roman Empire, the first of | . 5f the Lord High Admiral who was empowered to order
these reasons did not apply: there woyld Have been some the destruction of mills'and weirs when they impeded -
"difficulty in supporting the large garrison on Hadrian’s -~ egtablished trade routes on the river. From the eleventh
- Wall with a relatively small local population to provide . century onwards, tide thills were erected at suitable sites

“slave Jabour’. Thus there was an incentive to’develop the offering shelter from the dlrect onslaught of stormy seas
latest ]abourvsavmg machinery before it was used in Rome and gales (see page 3)s ,

- 1tself and the sites of two mills have heen tentatively . o . o v

: 1dent1fled hear Hadnan s Wall. See fig 1. 19 on page 11. Each waterwheel usually drove only one Iéﬂir of stones,

. and when a mill had more than one pair it would have a
W1th the adoptlon of Chnstlamty by Emperor Constantme separate waterwheel for each, although all would probably
as the official religion of Rome, slavery was abolished, thus - be under the one-roof, asin fig 1.21. Fhis often leads to -
causing something of a labour shortage for the menial -, confusion when examining old documents which refer
task of corn grinding. At the same time, the pagan wor- toa certam village as havmg two, or three mxl],s ™

ship of water, spirits ceased and the power potential of

the water supplies could be harnessed. By the end of the .
"% fourth century, an increasing number of reférences
indicate the rising 1mpor’tance of the watermill, m "Rome

A new layout, widely adopted during the SBCOI‘ld half of
the sixteenth century, had a main vertical shaft carrying
a grcat spur wheel from Wthh two or more pairs of stones

itself and elsewere. could be driven (see page 24). This improved arrangement
2 A may have originated in windmill developments where a
With’ improvements leading to overshot waterwheels it fresh set of sails could not be installed for every extra .

Ry

eXample was the mill complex at Barbegal in Southern -
Fra %ce where sixteen overshot waterwheels ground

ty-eight tonnes of corn every. twenty- -four hours (see
page ’Kl By the sixth century, so iniportant was, water-
power to milling that when the Goths be51eged Rome and
cut the &ater supplies to the mills recourse was made to
-floating mills (see background of fig 1.21).

K;s possible to grind on a larger scale, and the outstanding pair of stones in the: mﬂl

‘The new layout of the mlll made it easier to apply power
to ancillary operations, In medieval times the sifting of .
flour from the bran was done by shaking in a hand sieve,
and was regarded as part of the work of the baker rather

After the fall'of Romelittle is known relating to.corn-

milling, but references to watermills in Britain begin to

appear in Saxon\c\harters during the elghth century. In -

1086, the Domesdgy Survey.aécounted for 5624 mills

south of the River Trent. Some of these were probably

.+ worked by oxenfbut \most were watermills. From the
summary of the omeéday survey of mills in Warwickshire -
(see page 43) it willbe séen that some of the dues mcluded
* paymients of eels. Many of the millers were also eel fisher-
“'menand primitive eel traps are shown in dieval prints.

Eel traps are shown'in the illustration of'd watprmill in the
Luttrel PS'llter fig 1.20." ; ,

[ Fig1.20 Part of the enrly fourteenth centwy Lunrell Psalter showmg
a medleval watermill with overshot wheel and eel traps.

T he Domcsday Survey included the m111
- held by the dxfferent nobles from the ig By the Middle
Ages the lord of the manor owned the rr\ﬂ: and by the :
“-ancient custom of ‘sole rights’all the com wn on the .
_manor had to be ground at the lord’s mﬂl 1 1
o deducted a proportlon of thé flour or m toll or
. 'payment for his work. Until the reign of Qu El'zabeth I,
the miller was forbidden by law fo deal'in grain
-although he was allowed to sell the corn t,\
Payment of money. instead of toll started;
tlurteenth century at some mills'in cmes
continued elsewhere in Britain until the t e
elghteenth century.

The medleval custom of grinding od'rn only
mill was unpopular with the peasants wh , L
possible, resorted to using hand mills in e " Fig 1.21 A sixteenth century waterniill showing two pairs of mill-

) : . . g i .'stones each powered by.a separate waterwheel through peg and Iantem
gearing. Note the ﬂzgé);g watermills at top right -

the manor was LlSlil’;llyly anx1ous tO e”f‘?r, From Kiinstliche Abris Allerhand Wasser- Wmd Ross and Handt Muhlen, by .
as to ensure the economic working of hi [ g, ;- Jan de Strada, 1617

r




o than the mlller A mechamcal 51eve was mvented in 1507

“'by an Austrian, Nicholas Boller, and the, process- of
‘bolting”gradually spread to all-parts of Burope. At first,
the freshly ground me O the stones fdliinto a long,
inclimed bolting bag of cl which was shaken by a rod -
connected to the drive from the waterwheel.\The finer .
particles were shaken thirough the cloth and fe\ll onto the

. floor, or'into a hopper, /below which the bran made its

way to the far end of the bag where it fe]l into & Separate

L

S Theap. o i

In ‘this country, the bdlter was de,veloped to'a«-fox consis- .

: tmg of an inclined cylindrical frame rotating in a rlosed .
wooden casing. A tubular ‘bolting cloth’ was fitted over
- the frame. The meal was put i at the upper end of the
‘revolving cylinder and weighed down the cloth so that it
brushed against a number of wooden bars which shook
-the flour through the woven fabric. At firstthis was

++in watermills with tﬁe adoption of the vertical shaft

3

arrangement of transmission. Although a hoist relieved
the miller of the wqrk of carrying the sacks to the top

of the mill, he or his assistant still had to climb up to

the garner floor to take the sack from the hoist and to
manhandle the sack to the desired storage bin. During
the later half of the eighteenth century, Oliver Evans
equipped a mill with elevators (to lift the grain vertically)
and augers rotating in wooden troughs (to move the grain

hon‘z‘optally). This machinery is illustrated in fig 1.22.

Evans’ ideas found ready aeceptance with the American
millers, whose production was large-scale and labour
comparatively scarce. In Europe his ideas were adopted
more slowly. - ’

‘Whilst mills in this country were grinding good locally-
grown wheat, it was possible to grind in one pass through
the mill-stones if they were set close together. This style

- woollen cloth but, fo give finer flour, wool was superseded
“first by calico and later by silk. -

waterwheels. Thése were tlllZCd in corn/mills and during
this period pron{ess was madeN fng power to other
operations in t],)e mill. Powered sa¢k hoists came into use

of millirigwas termed “Tow milling” and gave 4 fine, fairly-
whité flour from good English wheats (which have a soft
endosperm and tough bran coats). Using inferior wheats
or setting the stones too close could result in the inclusion
of bran and breaking up of the starch grains. Such flour
-made a dark loaf (due to the bran particles) which was

heavy and sticky due’to the action on the.starch of enzymes .

/
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‘Flg 1. 22 Late eighteenth centw:v Amerzcan mill sllowmg elevators for movmg stock {gram A verncally and screw conveyors ( or augers) for

movying grain horizontally

: From The Young Mxllqu,hl 's Guxde by Ollver Evans c 1780. By courtesy of Smence Museum, London




' Towards fh'é' end of he elgleeenﬂl ceritui'y, we ﬁnd' the

first examples of another nval to the: waterwheel in power_. _
tD tford in 1781, “The Steam Mill’ was

.'rqlley m1ll asfewasnmev
,Ofﬂbur R

ge ml\ls were et up 1n Austrla st111

T ,steamengmes of a combme _utpu of‘

.- After the repeal of the Com Laws 1847 forelgn
-'ﬂ;and flour were allowed into Britain duty free; '

the 1mports of flour rose. rapidly (fr m 77634 nn ; m(
1840 to 192752 tonnes in 1850, anfl 256 962 tonnesin .
onlys ti ‘cdse but the quahty X




f the demau}',' caused further rises in 1rnports to the dlsmay
of British lers. L S . P

s

C Several rmIls in Vienna and Budapest: Although ; L A
- return the pf&ailing idea was that the systems . : \
bn were too comple for the home mllls in 1878 the

LARGE
PIECES OF
DIRT AND
STRAW

COURSE
- SEPARATOR

Mill at Brlston Prevrouls to.this there had been roller '
mills mst’élled in 1872 Tt ‘Muiir’s mifl at Glasgow and at

. - several other mrlls but these were not complete roller”

e systems

" osyst 1/1'1 The waterwheel was often no longer able to
provide sufficient power, although in some cases they
wereTeplaced by water turbines, In general, the power was .
supphed by steam engines and the; mills tended to move to.
sites where communications were good for the dehvery of
““grain ‘and the distribution of flour. When J B Whitworth

‘ decrded to erect his-Victoria lXIrlls at Wellingborough at the
=end of the nineteenth century. he chose 4 site bounded by*
the railway, by the présent-A45 road,and by the River Nene.
. The latter faLlhtated The transport. 6'f grain by canal boat,

. ““since the river connects with an arm “of the Grand Umon .
Canal at Northampton Power for the mill wis supphed by

a large steam‘engine. A general view is shown in flg 1.24.

ROTARY GRADING
. FOREIGN
. SEEDS

* SPIRAL SEPARATION

-

s

ADHERING
DIRT

v
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S L rAsING )
‘\IN(‘.REDIENTS !

,'_,th'] '24 Aerzal photog'raph of Whmvorrh s Vzctorttz Mills, thtIe e
' }Irchester near Wellmgborough/s'howmg their Iocatzon between three =

FLOUR
FOR
DESPATCH

 The small‘countr ‘mills, ndt equipped to meet the public
2 Ademand for whlte ﬂour and with'their owners unable to
‘afford the expenswe newsequipment, either closed or ,
. _;went over to gristing (grinding feed for animals). Since ]
- the Second Wor War economies of Iarge-scale production BRI . N
; 'haye resulted in closure of many of the medium-sized - : . . '
mllls The sequenc of operatrons ina modern mrll is
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13 CORN MILL WATERCOURSES

The way in which water IS brought'to the waterwheel wil
;depend on the mill’s Iocatlon and the Jocal geography

sluice

Sometimes the mrll will be on the stream itself’ with an
arrangement to.by-pass the water when 1t is not required,»
. as in fig 1. 26a

glve the necessary head to drive the -
mill, an artrﬁmal channel (often called a ‘leat’) was made
from the stream to feed the mill, as in fig 1.26b.'In some
areas, the leats are of consrderable length and may Jead
onto wooden troughs (soimetimes referred to as ‘I:Junders )
or cast-iron penstocks delivering the water:onto the .
wheels. On rivers used for navigation, it was alsa necessary
to have the mill supphed by a‘separate watercojrse

In all cases provision was made for the escape of water e )
not requrred to drive the waterwheel. This was necessary !
when, after prolonged rainfall, the water supply was-in
excess of that needed to drive the wheel at the desued
: speed, and also under normal conditions when the ‘water-
mitl Lz . wheel'was stopped by lowering the sluxce t6 stop the

{ / “water ﬂowmg onto it. See fig k”? /" PR

sluice

.. Sometimes the \\Jy pass anangement was a channel parallel
X to tms \{n fg, 1.26¢. /,« ’ "

" In-some mxlls the\ y-pass, arram,
another channel unckr/thc mxll i "gﬁ‘

Often’ the by-pass ehanneLwas dlverted well away from
R B ...the millitself but’ always.there had to be access to the /
R Cepe --sluice for the- by pass and this notmally reqmrcd provxsxon i
’ i . of an extra bndge See fig 1.26e. - " : o ,‘/
sluice e, i T "/\
- Some’ mills have by-pass.sluices from which the water :
dlsappears into the ground and emerges some way dlstant i
p along the tail-tace or the natural course of the stream
See fig 1.26f. . , S g

t was ma\cie by
sin fig l,26d

sluice

sluice |

/ Instead of having a sluice which had-to be raised whenever
excess water had to be diverted, som'e‘mill leats were
prov1ded with a fixed weir over wh1ch the water flowed
when the level rose above normal at the mill. Such fixed
weirs (referred to as ‘low- shottes in sixteenth century:
documents) were also provided when a number. of mllls
were at work along a rlver and it @Nas essentlal that the -

P

‘slulee.

&////////H

Ty sIU|ce

‘Fig 1.27: Wadenhoe Mill, near Qundle, Northamptonshire. The mill is .
situated on an artificial cut or leat and the main stream of the River
Nene is navzgable at this. pomL In_the rzght foreground is the slmce




L watelz held back at ,611e mill did not interfere with thq ru'irw
. of water away fronr the tail of the next waterwheel

v upstream. “

i

- Tt 'was nfentioned earher on page 12, that millers paid some
" -of their dues in the: form of a quantity of eels. Millers-have.

~often augmented thelr income by ﬂshmg for eelsin. the fast-

. flowing waters at thélr mills. In earlier times their eel traps -

“:were very primitive, as shown by medleval prints such as
that'in fig 1. 20 page. 12 .

/]}ﬁer rrulls often trapped eels in the: by pass channel by
immersing a cage of i 1ron bars open at the up- -stream end

<780 that the eels were camed into'it (fig 1.28): Since the<

cage was closed at tlie downstream end, the eels,could not
escape against the fdst flow of watef and they were held
until the cage was lifted dut of the water-for removal of
the eels, . ‘ , .

. "ﬁ ! N J
Where the. flow of water was not sufficient to drive'a mill,
it could be used to fill' a mill-pond, and only when this was

“full would the water be let out onto the waterwheel to
work the mill. When the water in-the pond fall below a
certain level, the mill would have to stop work until the

- pond-was replenished, as in fig 1.29a.

““A variation on theuse of mill-ponds is found in a special
type of watermill known-as a tidemill. Dams were erected
across.tidal creeks, the shal]oxver portions of tldal
estuaries or were made to enclose part of an estuary,
leaving a channel for shlppmg See fig 1. 79b

WWlth the t1dem11] arrangement ‘the mill was part of the
dam which had one or more inlets so that when the tide.

: Came in the water flowed into the pond, but when the

-, tide tumed the tendency of the water to flow out caused

- flap doors across the ifblet to shut against the water; which
“was therefore held behmd the dam. When the level of

_ water downstream hac¥ dropped sufficiently, a sluice
.would be opened at the mill to allow the 1mpounded i
'water to ﬂow out onto the waterwheel. i

Photo: courtesy of Brllmg Aquﬂdrome N

Fig 1.28 Poncelet-rype undershot warerwheel, and eel trap in by-pass
channel, at Billing Mz.II on the River Nene near Northampton. Note,
the shape of the floats.or paddles and the three sets of iron aryis

e;ach supporting a rim with ‘starts’ for suppornng the floats

[ mill pond
" sluice

- non-return gates

mill dam

“The tajl-Face’ ~from a millwheel may cause quite a wide,
and sometimes deep, pool; and this feature is helpful -~
~indetermining the location and in sorting out the water-
courses for mills which have been demolished. When ™ -
- the mill'is still standing, many-of the features already
“described in connectron with the watersupply will -

. usually be out of mght of the mill itself.

b A S
.

Fig 1.29 (a) Mill worl\ed from szl gond (b) Tza’emzll on creeA or.
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1.4 TYPES OF WATERWHEEL

- The power was. obtamed from the wa«tefsupply elther by
waterwheels.or later, m some mills; by water turbmes
‘(these are corlsldered 1n Sectiorn 3). :

|
The waterwheels found in this country are usually of the
vertical type, running on a horizontal shaft. There are a
few mills in the north of Scotland which have horrzontal
waterwheels, and reference’is made to this type in |

Section 1:2, page 10.) *

= N ' I

The vertical waterwheel has been.used in the followmg

i

‘forms

- i
i

/1 Undershot ' ' B T

: The\kmetlc energy of the water’ flowing onto the bla es
is utilized to turn the wheel and give power, as in ﬁg 1.30a.
These wheels have relatlvely low efficiency .

,

2 Poncelet ) : :

This whs an improved version of the primitive undershot

wheel rntroduced early in the nineteenth-century by:

the French.engineer.J V.Poncelet..By channelling: the water-

below:at mchned sluice onto carefully calculated curved

o paddles so-that the water en;gr;d‘ﬁd left the wheel wrth_
-little shock, a great improverkent in efﬁc1ency was . .

‘obtained (fig 1.30b). -

P

3 Breasts/lot .; B o~

The wateér fall§ 61itq the blades or buckets so’that the welght

(or the potential energy) of the water does work in taming

the wheel, instead of just the velocity (or kinetic energy)
~of the wateras in the two prev1ous easts See figs 1. 3pc and
S1.310 . ; IR ;

-

"Often the term ‘breastshot wheel’ is restricted to whe‘els
where thewwater comes onto the wheel at about the level ‘of
the axle; and. the terms low-breast or high-breast wheel are
used when the water comés respectrvely below or abqve the
level of the axle Effrcrencws ranged from 50-60 per cent

4 Pztch back

This s an extreme example of the high-breast wheel w1th
tllg\thcr coming on to.it-almost at the. top.of the wheel
~It-was’introduced to avoid the difficulties encountere¢

with the tall water-on-overshot wheels. The name of this™

~fourth type derives from the ‘motion of'the wheel pltchlng
‘ back against the direction of the flow of water commb on to
Ait.-See hgs 1:30d-and 1. 32 !

2 ; ]

5 Oversllor . — :

The water comes on just. past the top of the wheel the

periphery of which moves in the same dlrectlon as the

.- water coming on to it. This smooth flow of the waterjis .

| not obtained at the bottom where the tail water doesinot

\ flow freely from the wheel pit but gives a certain amount
:of backwash i in the opposrte dlrectlon to the flow of the
tail-race. This causes some loss of | power but efflcrencres '
of between 60 and 75 per cent have been quoted for- -

(b)-Poncelat

. (d) Pitch-back /g '

tlus type ot wheel. See ﬁgs 1.30e and 1.33. l

The maln components of a waterwheel are:

the wheelshaft or axle (sometimes termed axle tree)
the spokes or arms (connecting the rim to. the shaft),
the rim (which carries the ﬂoats or buckets) i
the floats or buckets T :

-«

There are numerous ways in which these eomponents were
shaped and connected’to each.other.

N . Vo,

8

(e) Overshot

- Fig 1.30- Types of wat'erWhed B




flg 1.32; Pitch- back warerwheel at Millside, Wither. r;ck Westmorland.
: Note the cast-lron penstock for delivering waiter mim the wheel, the

Fig 1. 31.The reastshot wheel which used to drwe rhe corn; mill ar the wiry.the' wooden boards forming the buckets are positioned and.

end of Arkell’s Dénningion Brewery, near Stow-on- the H’old ! U secured to the'inside of the rims, and the boards forihing the sole

“Gloucestershire “across the inside edges of the rims

Fig 1.33 Overshot
waterwheel.in the. ..
riined mill close
to Chutchover,
“near Rughy;
Warwickshire.
Note the remains
of the wooden
launder and ‘shut’
Jor bringing water
onto the top of
* the wheel ”




The'earliest wheels had the spokes passing through holes in
the wooden axle trees; as in fig 1.34a. This form of g
construction is known as ‘compass arm” but the holes

'-'L—ﬂ:onstdera'bl‘sfweaken the shaft.-

Later :rvooden waterwheels were of clasp-arm constryction,
“that is, on each side of the wheel pairs of parallel spokes ~
“were set at right angles to each other, with the axle passing)

through the space formed by their intersection. The spokes
themselves did not touch the shaft but wére located on the
shaft by large wedges driven in along thé shaft from each

o side of the wheel. This arrangement is shown in fig 1.34b.

1 To the ends of the spokes were fixed the felloes, the term

I *for segments of the wooden rim. The joints between the

" ends of mating segments were strengthened by an iron
strip bolted to the two felloes. )

The wheelshafts were also of wood, and mounted in each
end was a ‘gudgeon’ which rested in the bearings located
either side of the wheel pit. Sometimes crosshead gudgeoris
were used with iron hoops on the oufside of the ends of

“the axle.’ B

When cast iron became available. for use.in machinery it -
. was'used for some parts of Wa'terWheeIS, the rest still being
-t ~made of wood. Nowadays such wheels are sometimes
- termed. hybrid wheels, but apart from-indicating that two
different materials were used the term tells us little about
the type of wheel or the way in which it was g:onstructed.
Foster Beck mill, shown in figs 1.35 and 1.36, is an example.

» .The use of iron-made possible better fixing of the spokes
~.Of arms to the shaft; and more spokes could be ysed. T_wo . .
types of cast-iron wheels are shown in fig 1.34¢ and d. Fig 1.34 Various rypes of waterwheel construction

.
.

Fig 1.35 Foster Beck Mili- ricar Pately Bridge, north-west of Harrogate. This is a high breastshot wheel of 11 m diameter and"1.8'm width, for-
merly used to power a flax mill.:The building is now a restaurant. The mill-pond is behind the bank, or dam, on the left of the picture, and the
wuter was delivered through a'large iron pipe into a ‘starting box’ at the wheel itself. The purpose of this box qu to allow a sufficient quantity of
water tq’ build up io’; ;ﬁih’a ‘large wheel in ;man‘ou, but once it was turning a relatively small flpw of water could keep the wheel operating

i ERE RS : . ’




Fig 1.37 Old wooden wheel, ar the now demolished Bosenham Mil,
close to the Northamprtonsliire — Buckinghamshire border. Note the
clasp-arm construction with three sets of arms (spokes), the artach-
ment of the arms to_the felloes forming the rim, and the starts
{supporting theﬂuats) mortised right through the fvllucs

Photo: Oliver R.mson

B

N
~ float or
paddle

'/ f\:lloc/

Fig 1.36 .Detail of the construction of the wheel ar Foster Beck Mill.

The rim, wheelshaft, and flaunch (for securing the arms or spokes 10 ¥ o vt
the wheelshaft) are of iron, but the spokes and soleboards are of 4 : e
wood. Nore the.rim gearing at the inside of the wheel rim and the TGt o :
small pinion meshing with this’ paddle
- \ )
With mainly metdl construction, the iron wheelshafts {b)
“were often made circular with a straight-sided section at
the position of the boss to which the spokes were secured. .
The spokes could have different cross sections — for example, - !
flat rectangular, round, T-section, I-section,  There were a : L
number of ways in which the spokes could be fitted to the . j . . e
“hubor the boss of tlfe whc,o& which was qomcnmcs called - = \ : -
“a flaunch, . © / rim
Some wheels were made by bolting together castings eath of o o I -
which consisted of a section of tije rim cast integral with Fig 1.38 Detail of wheels with floats .
some spokes and a portion of thé boss. An example 01 this o . L . . .
kind of wheel is shown in fig | (34@ Tl)e start, if s.trm.ght, CQLlld be set elther~ radu}lly (as in

- fig 1.38a) or inclined slightly to the radius of the-wheel
In the case of wide whuls, thery may b(, three sets of’ fig 1.38D. In#ach case, the wooden floats (sometimes-

' spokes: two at the ¢, as shown called ‘paddles’) were attached across them.
in fig 1.37. This arrangement ch be found in both wooden E . ’ .
and iron wheels. With large dmrhelcr wheels, cross bracing When curved flogts were used, the starts might also be :
was often used between the tWP sets of spokus . slightly curve/g 1 etal floats with pronounced curvature
would be attached to the starts and at their inner ends'to
the rim itself. L-shdped floats were also used-in some - §
'the waterwlleel du.pc,ndmg on \yhethcr the wheel carried ' ‘éa_s/asl\nﬁg 1.38c. ® ‘
“floats or buckets \ - N
) i 2 Wheels with_ buckers :
1 “Wheels with, floats L Wheels with bugLLts have them mounted between deep
In the case of ﬂouts" these were curried on short wooden flat rims (sometimes referred to as ‘shrouds’). When™made - ]
or.metal posts (callt.d ‘starts’) let into the rim of the of wood, the bugl\cts will usually be a distorted L- shapu - )
wheel. On some wheels, the tips of the starts on each side and held in position by grooves, either cut into- wooden =
of the wheel were connected by bracing rods, as in rims, or formed by pairs of raised strips cast or bolted
fig1.38a. 00 ﬁ : " \1 R { onto iron rims. Even if all of the timber hgs rottcd'uwpy,
Lo

T ; o = (
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sole plates.

. wooden planks
forming buckets

Fig 1.39 Detail of wheel with huckets

: /
the grooves incan iron wheel may indicate the shape of
bucket used. The other side to the bucket is formed by
planks of wood fixed across the inside edges of the rims.
This inner covering of the wheel is known as the ‘sole’.
See fig 1.39. - ‘

4 : [ . . ‘

Metal buckets can have a vartiety of shapes.b,uft/are mainly |
of U- or J-shape. If there is no gap between the buckets

at their inside edge they are described as“closed’.

Often a gap was left between the top of‘ttllc inside of one
bucket and the back of the following bw(l\el so-as to

_ enable air to escape and thus allow.the water to enter

more quickly: These were known as ‘ventilated buckets’.
(See fig 1.13, page 7.)

On some waterwheels, gearing was fixed to the periphery
of the wheel (see fig 1.36). This is part of the transmrission
arrangement and was discussed on page 7.

Iron wheels often.have the name of the maker cast on them,

sontetimes on one of the spokes and occasmnally on the
nm ’

»
I . .

Water turbines
- As water turbines becamc commercmlly available during
the nineteenth century, they were installed in some mills
‘to replace the existing watefwheels. This mvolved con=
~siderable alteration to the mill-race and to the means of’
“transmitting power to the machinery, since these turbines
were installed below the water level and rotated about a
“vertlcal axis Seg fig 1. 40

Beeause they are situated unde1 water it is usually very
" difficult to see much of the turbines, although the presence
of one is indicated by the grating across the race to prevent
weeds and tibbish choking the turliine, and by the
machmery in the mill being driven from a vertical shaft
_rising from the water. Later turbines also have haridwheels
and indicators to show whether the hatch (letting water
onto the turbine’s rotor) is open or closed, and also the
/ position of the guide vanes. Handwheels and indicators

" are mounted ona cast-iron pillar in the centre of the

floor above the turbine pll (fig 1.41). ‘ “

The main types of turbines are described i in Sect1on 3but
a,comman type, for I:ngllsh mills was the mixed-flow
reaction type sn‘mlar to the Francis turbme usmg adjust-
able gu1de blades

[ ' )

Fig1.40 A turbine installation showing how most of the working
parts of the turbine are below the surface of the water. This drawing
shows a Thompson double vortex turbine | ’
FromP1J DéYies, Practical Plumbing, Vol 2, 1896 |

-

Fig 1.41 Controls for the water ;urbine at Towcester Mill.,One hand-
wheel controls the flow of water onto the turbine, the othér adjusts
the position of the guide vanes. Above the handwheels are the dials
zndzcatmg the settings of the turbine. The vertical drive shaft from the .
turbine is seen emerging jrom the hole in the floor and passing be- "
Hind the right-hand control thel
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1.5. THE ARRANGEMENT AND EQUIPMENT OF
WATERMILLS FOR CORN MILLING

H
T

The whear gram
In order to apprecmte the worknw of the various grain
prepardtlon, grinding, and dressmgmac}nnes it is necessary
* to consider the structure and composmon of grznn .
(ﬁg 5 42) SERTD P

germ

radlelc /

scutellum
plumule

Ty

Fig 1.42 Strugture of wheat grain |~

W L . '3
. - -

The functions of the graln are those of reproduction and
the gmln consists of three dlstlnct parts:

1 “The germ —l,tvhet seed which develops ‘ultinm"tely into the
~ plant. E '

The endosperm — a starchy substance constltutmg the ‘

_ germ in the early period of its growth. It is this which
yields flour when broken. :

The- bran-= this consists of several separate coverings to
enclose and protect Both the germ and the endosperm.’
These coverings are composed of cellulose or woody
fibre and of soluble albuminous matter.

“The outer layer of wheat bran is nearly all cellulose and
~therefore 1nd1gest1ble The middle layer contains less ¢
celiulose but a significant amount of colouring matter.
The inner luyer contamﬁ"nly a small amount of
cellulose but larbe quantities of protem

In cornnnllmg, for the purpose of mdkln}, lhe wheat
palatable l"oﬁl human consumption the aim'is to crush
the kernel (the part containing the _germ and endosperm).
so giving. l'lollr V'mous operationsare necessary if this
is to be aclneved When horizontal mill-stones were used,
the stages \vere as follows

1 Prepaiaz‘ron : ;
The grain amvmg at the mill may contain various impuri-
tIes which may be classified in three groups:

(,a) § aclnnxtures which may poison or bring abouta

“ . deterigration of the quality (colour or baking
characteristics) of the flour, eg kernels of corn havrng
'some dlsease such as smut ?

seeds of non- porsonous plant&t (eg, rye barley, oc\ts)
dust and dirt; :

(0) i

© /

,’1mpur1tles that may damage ktl},ie mill machinery, eg('
stones and pieces of‘metal. ¢

The

galn must be freed of ull of the above categor]es of
forc

N matter ifa good qua]]ty l'lour is to be Obtdlllcd

: Y,
i My a

3

main body of the grain and supplylng food to the .;»~

{
i
|

i
A
i

 than as dust.

S

After the removal of the foreign matter. from amongst
the grain there may still be dirt-adhering to the individual
berries; this has to be removed, usually by a scouring proccss

2 Tempeng or condztzonmg

If the graif is very dry, the dried bran coat is very easily
ground to dust during its passage through the stones and
. mixes with the flour. It is impaossible to extract this dust
from the flour, whereas if the bran coat is broken Jinto /
‘particles larger than} tlle flour they may subscqucntly be
removed. Hence the need for tempering or conditioning.

By damping the graln the bran coat becomes more elastic
and offers yreater resistance to pulverlzatlon than the j"
starchy mass of the kernel. The force requlred to break
the kernel will thenleave the bran coat in flakes rather

.3 Grinding
This is the stage at which the l\Lrne] (the endosperm and

embryo) is reduced to.flour, but-at the same titre the husk ™ 777

bTolen “husk are 1n1xed together ina form known as meal

4 Separating
If a white flour is reqtured this has to be separated or
‘dressed’ out of the meal, and may also be graded.

After watermills were no longer used for flour milling,
many continued to be used for producing animal foods,
in other words {or provender milling, The second and
fourth of the above stages were then often regarded as

- less important but at the same time, since it was realized
. that-no one cereal can provide 4a satisfactory diet for

livc‘stocyk, attempts were made to provide balanced
rations by thoroughly mixing a numbér of ground meals,
leguminous seeds, oil ¢ake, and sometimes minerals,
molasses or cod liver oil.

Some of the ingredients of balanced ratloli%\‘v‘e-re\p%'\
chased from outside sources, but the mixing and grinding

of the seeds, cereals, and oil cake were usually done in the
provender mill itself and by machines different from those

used for the production of flour. Cereals such as maize,
barley, wheat, and rye were sometimes ground in a similar

~‘fashion to that used in flour milling but werc also ground |

using metal disc and percussion grinders. Oats were crushed
betweén rollers. Qil cake arrived in the form of slabs-about
75em X' 30cm, and these were broken down into pieces
of suitable size for the grinding plant by machines-called
cake breql(‘é‘rs. Maize was damped, cooked; and flattened
into flakes by rolls.

Arrangement of mac/ling; inside watermills

Details ‘of the arrangement of machinery will vary from
one mill to another, but in general the layout 'will be one
or other of the two forms shown in fig 1.43. The main
difference between the two arrangements shown is in the’
way the power of the waterwheel is transnntted ‘to drive

“ the mill- stones

Trmzsmzsszons e
"THere were basically thi three ways of trdnsrmttrng the power
obtained at the waterwheel shaft to the nnll stdnes and
. other maclnnery
1 by gears arranged around a‘great spur wheel
by bevel gears from a layshaft

3 by belts
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{b) Bevel gears'from a layshaft ’
e Fig 1,43 Two mafn for_'mx'of‘machineryvarrangemen[

wheels, required onl\wyfa c'ox,npa'ratively small increasé in

“ speed from waterwheel to stones in addition 10 a change of
_ motion from about the horizontal shaft at the wheel to
"abqut the vertical axis-of the spindle driving the st%m.e.
Consequently it was possible to achieve this with only one °
-pair of wheels,.namely the face-wheel or pit-wheel on the
..waterwheel.axis, and the lantern-wheel or trundle on the®
“spindle for the mill¥stone- (See fig 1.44.) *

wheels; and thus it was possible’ ive several pairs.of
stones using a vertical or ﬂup'r'ighﬁfshaft as t I
transmission system. This arrangement is shown'in fig I
On the end of the ‘vyaterwheel shaft is the pit-wheel, so-

- called because of the hole let into the floor of the mill to
.. accommodate it. Although in most mills this pit was ston}:
. or brick lined, some had narrow cast-iron boxes in which -
~ the pit-wheel rotated. s S ‘ :

i

. SR
YA I

o A few wodden:;;it-the_ls are _st?ll' to.be seen but genéfall‘y g
- the wheels are made entirely of iron, although sometimes
- they have wooden teeth: When made of iro the-\wheels

The‘earlicr mills, driven by ra‘pidl)‘; 'ré;'olvi‘ngfljnders‘l.lot water-

e wéy to co‘gsllet into wooden

FLAN.

. “ ;o ! . T
*Fig 1,45 Arfangement of gearing when using a vertical mairl shafl
From ] Glynn, On the power of watér to turn mills, 1853 .
. P ;
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are normally in halves wluch are bolted together when in

- positioh o the wheelshaft; If this is of wood, then the
“centre of the prt-wheel will be in. the: form of a square box
“for wedging into po tion on the shaft as in the waterwlieel
shown in fig 1.34c; page 70 ‘ :

“The prt-wheel' engages w1th a bevelled pll’llOI’l f1xecl on the
“pright shaft. This pinion, called the ‘wallower’, isgisually
of iron and has far fewer teeth than the pit-wheel so that

the upright shaft rot es‘faster than the wa‘tefwheel.

Older upright shafts are of vl?ood but iron was later intro-

sect1ons were used. The upright shaft is supported at the
I top v ajournal bearing-on the side ofa beam. At the

J Vbottom, the whole weight of the shaftand the gear wheels
Cooomit is taken- b§y a girust bearing.This i is usually requued
*to be almost dll‘ECtly above the 111%1de bearmg for the water-
“wlieel shaft Tradrtronally, the thrust bearmg was supported

Fzg 1.46 The foot of the upnght shaft in Btlimg Mill. On the nght is
‘:the horizontal shaft of the waterwheel situated on the other side lof
the wall.:On the wheelshaft is the iron pit-wheel, rotating in a well or
pit in the floor. The pzt—wheel meshes with an iron wallower near. the
‘bottom.of the wooden upright shaft., Just below the wallower is an_ .
Jiron band around the upright shaft from which protrudes the gudgeon,

two of the four adjusting screws ean be seen. This bearing for the up-

right shaft is carried.on a three-arm arch over the msxde betmng for i

the watérwheel shaft

Fzg 1 4 7 Top part of pzt wheel {on the Ieft) meshmg with the - | .
waIIower at Dodford MzII,_near Davenﬁy Narthamptanshxre Above

“wheel of clasp -arm construction, The inner portigns of the. wooden
cogs. are seen at the inside edge o f thé rim of the' great spur \vheel

e '

duced for these, and octagonal hexagonal; and round - - :

runnmg ina-goe-brass contained in a bridging box: the square heads of

“The stonenut-is-held.out of mesh by the jack ring supported by the "

the wallower and also on the upright shaft is the wooden great sp)lr T

on‘a wooden beam (sometlmes called a: sprattle aftheugh
this was the name commonly given to the beam supporting
the bearmg af the to’B\of the shaft in a -windmill). This

caused dlfﬁculty in gaining access to.the wheelshaft bearing,
~and a more convenient arrangement was to foot ‘the vertical - -

shdft'on an arch, sometimes of brick or stone but fore
often of ‘cast iron. The gudgeon,at the foot of the upright
shaft runs 3‘11 -a,toe-brass contained in a bridging box with

four screws for lateral adjustment. See- fig 1. 46

Attached to the upright shaft is a spur wheel of large
diamieter, sometimes as great as 3 m. Some wooden spur -
wheels have their spokes passmg through slots in the wooden'

- upright shaft (compass arm construction) whilst others use
‘the clasp arm method (fig 1.47). Whereas oak was often -

used for the arms and felloes of the wooden gear wheels, =
sOmetrmes laminated with the grain crossmg at right-angles,
sthe.wooden cogs were of apple, hombeam cherry wood or
‘sometimes beech. = :

Set around the great spur wheel are pinions known as
‘stone nuts’, one for each pair of mill-stones (fig L. 48). Sqm

. Stone nuts are of wood but many are of iron, even, whenq\
.most of the other gearing is of wood. Iron teeth’meslung
with wooden cogs were considered to give smoother and  ~-
qureter runnrng Thestone nuts could be moved up or

<

Fig 1.48 Iron tone nut and wooden great spur- wheel at Billing Mill.

two spindles passing through the wooden beam (or bridge tree) on
either side of the bridging box carring the footstep bearing for the .
stone spindle. When the jack ring is lowered by rotating the handle
below the bridge tree, the stone nut descends tq mate with the conical
drive collar on the stone spindle and af the same.time meshes with

the cogs of the %'reat spur wheel : Ve L

l‘\ B

{<
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X down thelr shafts, termed ‘stone spmdles 50 that any of W1th more slowly rotatmg breastshot and overshot wheels

the stone nuts could be disengaged and kept still whilst the © it was possible to obtain the necessary increase in speed at/
‘others were at work . 3 R g the stones by mtroducmg a further set of gears betweenf e
kThe number of palrsﬂof stones driven from a smgle great - the wheeishaft and the layshaft as.in fig 1.50. - //1"

Spur. wheelnseldom exceeded six, and many small mills * Asother method of obtammg the requ1red speed increasé - .

would havé only two pairs and some only one pair. It . " was by the use of rim gearing on the waterwhéel. (See .

should be noted that when a large number of pairs of stones fig 1.36, page 21.)
was arranged around the great spur wheel it was most

4

A unlikely that they would all be driven at the same time. " Although transmission by great spur wheel and by layshafts
s 2 ST . : ) * .+ have been described separately, there are several instances
For space considerations, two waterwheels might be used; . of mills where the two arrangements were used in combin-
sometimes arranged one behind the other each with its -ation. An example is shown in fig 1.51.
own pit-wheel, wallower, and great spur wheel dr1v1ng ' . o ) a ’
perhaps two paifs of stones. Only one waterwheel could With transmissions using gearing, various arrangements
work at a time, and when it was required to drive either were employed to take the stone nuts out of mesh as
. .or both of the other pairs of stones the other waterwheel . required. Whatever the method, it was always used when
" would be brought into use. Altetrnatively, the wheels could the gearing was stationary, that is, the waterwheel was
be parallel, either side-by-sidé at the centre ot;the building stopped before engagmg or dlsengagmg the stone nuts.

or at opposite ends.

With the layshaft arrangement, any number of pairsof © |
mill-stones couldbe placed in'a strmg"ht line, or in two kines .
parallel to each other each pair of stones requiring a set of

~bevelled whecls as shown in ﬁg 1.49, A

- . *“shaft to machinery.

@

%

ERRRRERAIRI]

waterwheel -

apel

pit-wheel

- } \ -

Fig 1.50 Additional gears increase speed. .

Fig 1.51 Titchmarsh Mill, on the Riv Nene near Thrapston, witha
co'mbination of upright main shaft and layshaft arrangemests. In the
foreground is a set of bevel gears to d ive a pgir of stones i wnediately .
above, whilst iit the background is bnd of three stone nuts ! mznged
Ll - . > . around.a great spur wheel. Out of sight beltind this are a furtier two
Fig 1.49 Arrangement of gearing when using a layshaft ' sets of bevel gears on a layshaft 0 th t the mill has a total of six : <
From ) Glynn, On the power of water to turn mills; 1853 , . pam‘ afsmnes

¥




Méthods for disengaging the stone nut can be grouped into

‘two categories; those where the stone nut'is fixed on 1ts ="
|'—shaft-and those-where it slidesalong tli¢ storie spindle. The ~
~use of slip cogs is ari'example of the first category. The
-stone nut is provided with a group of three or four.slip. cogs

with the-nutin.a certain position there-are no-cogs to—
“engage with the spur wheel. . S

1In the 'second category; a slot or keyway in the eye of the
stone nut is able to engage with a long ‘reed’ or key held

in a keyway in a tapered collar on the stone spindle.

One primitive method of disellgaging the stone nut usé;s a
- lever on one end of which is a fork or yoke. This‘is plzi\ced

S : / : 4 ndak tha ctane m1iF and whan the ather and ~Ff the Toger .
PR L . Under tne stone nut anda wiien tie oiner énda o1 tne iever -

I S e e is deépressed, the stone nut is lifted clear of the great spur
L ' ; ﬁ o ‘ wlhieel, and a peg in a convenient post of the hursting will
hold down“the lower end of the lever until it is decided \
to drop the stone nut back into engagement. This is"-

shown in fig'1.52a. . \

it
\\
BN
% \
>
i
B

G

/. “stone,
spindle I~

A somewhat similar method used a yoked lever supporteg
R near the yoke by a chain attached to a beam above. The |

‘yoke extended over the stone nut and had two chains an.d\
hooks which could be placed wnder-the arms of the nut.

Pulling down on the other end of the lever would lift \
the nut out'of engagement, as in fig 1.52b. ;

The most widely used‘afrangement employed a jack ring \
which could be raised by,rotating a scrgwed rod located \ '
~ -under the bridge tree supporting the foot bearing for the . |
" stone spindle. As tlie ﬁ;lg;was_ raised it lifted the stone nut \
clear of the cogs on the'- gre;it spur wheel (or the teeth of .- \
the bevel gear on the layshaft when that type of trans-
., mission was used). When the ring was lowered, the stone nut
slipped down the tapered collar until its keyway engagéd ’ r
“i(a) - o X _ with the projecting key an the g,,ollar. See fig 1.52¢._ |

y

i R h : . o Transmission of power from wqterwheel to mill stones by

: ‘ ) belts, as in fig 1.53, was never popular despite the apparent
advantage of a saving in the number of expensive gear
wheels required.

stone spindle .

- : . -

! rone hut. - ~The disadvantages lay in the troubles encountered in
! ; reversed{bends in.the belts, in disengaging individual stone
. ] - | R spindlesain maintaining the correct tension in the belt,
Lo ’ s [ - —— great spur wheel . \ ' i
P - i .

i jack ring "~

| - .———————bridging box

FITE ‘4'1'
o

D A o

. : : S B e I | (‘V e
o Figl52 'Dis,cygggiug—rlu.fstﬁiféﬁzgr from the great spur wheel. Fig 1.53 "Arrangement of transmission to mill-stones using belts ;
- (a) Leverand fork: (b) Yoke and chain, (c) Jack ring'and screw.. . ‘From I Glynn, On the power of water to turn mills, 1853 S
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and dlfﬁcultles in preventmg the stone spindle from being
drawn to ane side by the pull of the belt, However, belt
dnves were used in some- water turblne mstaliau&ms—-as in
ﬁg 1.54a.

When roller Imlhng replaced horizontal stones, belt drives

- were the nomfal form of transmission but here the drive

was between horlzontal shafts. The bearings on the roller

machines could be arranged to withstand the belt tensmn

and gravitational forces did not-alter the position of the
“belt when on the fast or loose pulleys.

All the previousfy described transmissions drove thL mill-
.stones from below (underdrift) and this was the Customary
arrangement in a watermlll However, there-were-some mle
in which the stones were driven from above. (See figs 1:54b
~and 1.55.) They are then' descnbed as overdrzft or grlpe

driven——

In the overdnft arrangemeht the stone nuts dnve the stones
by long shafts termed “quants’ or ‘quills’ which are held: at
“ their upper ends i m ‘glut boxes’, that is bearings which could
! be opened. When aistone nut had fo be disengaged, the
outer séction of the bearing was removed so that the quant
could be tilted away to-leave thé stone nut clear of the i

= cogs on.the great spur wheel . N

3

=] | . ;

o L c A - ’;
S -«

’ —stones

3

sluice
|
turbine !
(a)
- -glut box open
B ‘ — —
L mglut box Ll
[juuuuuunl||anunuuuugunmg :
stone nut
'stone nut || -
disengaged T ~— quant, quill
e e or crutch-pole
——Tunner stone
‘ 24
L B L.
' - | _bed! *
/ ; stonk
1 spindie .
( ! N ‘\ ‘<
O i 3 of ot = :? bridge
s . T === tree|
L‘ i : ——hursting
(b} - : = j L

. Fig1.54 T)ansmzxston methods: (a) belt drtve in, turbme mstallatzon
(underdnfr) {b) overdrift or gnpe dnven

Fig 1.55 Overdrift stones at Ollerton Mill, north of Nottingham. The

- great spur wheel is in the-upper half of the picture and the stone nut

meshmg with this is orl a quant (sometimes called-a quill or crutch-
pole) supported at its upper end in a beanng known as a glut box

‘mounted on a wooden beam. The lower end of the quant passes,

through the horse (the wooden four- legged frame supporting thé

hopper), the end of the shoe (canymg grazn from the battom of the

The gearing bet’wee‘n the waterwhecl shaft and the stone
spmdles has three functlons

to motijon about a vertical axis.

2 To provide for one or several pairs of stones to be driven
from a single waterwheel.

hopper), and into the eye of the riniier’stone to connect with the
drive arrangements. -

1. To alter the direction of motlon about a horizontal axis »

3 To provide an increase in speed from that of the water—

wheel to that reqmred at the m111 stones A

' This increase-in speed was aChlEVBd ‘by having different

numbers of cogs or teeth on the various gear wheels. By
counting the teeth on the different wheels it is possible to

"calculate the overall gear ratio and hence the/peed increase.

_Before giving examples of these calculations there are
‘several points to be considered when countmg the teeth

on a gear whesl in almﬂl BN

1 Witha large nuin’ber of teeth on a wheel, it is easy to lose
" cqunt lf ong has to change position to count round the
* other 51de of an obstacle such as a shaft, and also to
forget from where-one started countrng s

A chalk mark ca# be made at the point where counting

begins, and if a smallér mark is made on every tenth-cog -

of tooth it is easier to keep a check on the number
dbsplte distractions. . . <




2 Sometlmes it will not be possible to counf the whole
way round a wheel because of its inaccessibility..In such

v -cases the teeth'in a definite sectron ((a half or a quarter)
-6f the wheel can be counted and then multiplied
accordingly to estimate the teeth in the whole. With =
wheels cast in sections, the sections themselves provide
a convenien-t proportion of the wheel for counting.

This procedyre should only be resorted to if it is impos-
*séslble to count the whole way round since there can be
tfoubles regardmg the next. pomt :

3 "ﬂre mrllwnght often avorded srmple gear ratlos by
inserting an extra, or ‘huntmg cog’, in'one of the meshing
wheels. Thisensured that the same teeth did not mesh
together every revolution and avoided uneven wear if
one tpoth had some irregularity. Consequently when *
counting teeth, do not be surprised if, despite several
recounts, an awkward number such as 37 or 49 results.

Consider a certain mill withthe spur wheel a'r.rangement':
. shown in fig 1.43a on page.24. After countmgteeth at the
mill we find that: k Ry

. —~—
‘gi\‘:\\\"

the p1t -wheel has' 168 teeth
the. wallower has 48 teeth

the. great spur wheel has 120 teeth

“the stone nutseach have 20 teeth. o R
CIf thé vwaterwheel rotates once, the pit-wheel will rotate
“once. The pit-wheel meshes with the wallower,; which has

Fig 1.56 Crown wheel anti auxiliary shaft at Bxllmg Mill before
restoranon The crown wheel is of clasp arm construction” -

"fewer teeth, so.that when the pit-wheel ratates.once, the...

wallower rotates 168/48 = 3.5 times. ..

The wal]owel is on the same shaft as the great spur wheel
and will rotate with it. The spur wheel meshes with the

stone nuf which has fewer teeth, so that whan the wallower
rotates once the stone nut rotates 170/’70 6 times. ’

However when the waterwheel rotates once the wallower :
-.-rotates-3.5 times, and as'the stone nut rotates 6 times; as ‘

fast as the wallower it w1ll rotaté 6°x 3i5=2 letrmes as e

fast as the waterwheel . ﬁ e [

We will consider the speeds of rrull—stones on page 35 but
if, in'the mill considered. for this- calculation, the stones :
~worked-at210 revolutions per minute; the waterwheel
would be rotating at ll() revolutions} per minute;

Slmllar (,alculatlons can be made for\mllls with the layshatt
arrangements shown-m figs 1.43b and 1. 49,

Be51des driving the mrll-stones the waterwheel also powered
auxiliary equrpment such as cleaning machines (see page 35),
-dressing machines (see page/3§) and for transporting stock .
(see page 38) For mﬂlswrth the stones driven from a great

shaft extendmg to the top ﬂoor ‘of the mill where it

. carried a large horizontal face gear termed the ‘crown .
wheel’ as shown i in fig 1. S%. Engaglng with this was a pinion
(or in some-cases, several pinions). on a shaft from which :

+ power to a shaft on the floor above, from which the drives .

--Fig 1.57 C‘rodm wheel ana’ pinion at BzIImg Mtll after re.t‘toranon

Note the distatice between the teeth on the iron pinion, and also the
pmﬁle dfirsteeth and that of the wooden cogs in the crown wheel.

The end of the duxiligry shaft beyond the pinion is carried in a

bearing supported atone end of a lever. When the right-hand end of

this lever is depressed, the pmzan is taken out of mesh wzth rhe '
crown wheel [

general, the construction and ‘materials used for the crown
wheel followed the pdtterns described prevrously for other
gear wlieels in the mlll

In-mills-with the layshaft transmission,“"it was customary “
to have a pulley on the layshaft driving a belt to transmit - N
were taken to the other machines, as shown in fig 1.43b,
page 24.

Gr}ndirlg machi)feiy
The main function of the water-drrven corn {mll is performed
‘at the mill-stones. To do their work, the stones must be of

a suitable material and have their working surfaces prepared
to deal with the type of grain being gr‘ound The stone,

belt drives. were taken to the aux111ary machmery, as
shown in fig 1, 43a page 24, :‘ : :

Often the aux1]1ary shaft was SUpported at its end near
the crown wheel in a beanng mounted .on alever,as

5110Wp in fig 1.57.4By puilling down on theother end of -

the lever the bearmg and ‘shaft were raised so that the.
pmlon was hfted out of mesh w1th the crown wheel In

, marnta.m the correct gap between the, working surfaces of the

spindle-Corquant in an’verdnft -mill) had to be connected
to (irlve the upper or ‘runner” stone, ‘and it was necessary to

two,stones. In addition, provision had to be made to feed
the grain to the stones and take awa)/ the meal produced

-~ Mill-stones have been made ofa vanety of substances 2 i
and in earher times from local stone uf any was avallable




. Later more su1table storre§were adopted in areas remote
from the quarries. These included; :

1 Quartz st_qzz,es._fl"he_,b f ,these,‘ ha&jng a Toseate hue,
are the French stones, found in the vicinity of La-Ferté-
sous-Jouare-and Epernon -Becauise of the ‘peculiar== =

formation of French Burr it was difficult to get-a whole )

stone of uniform quality throughout, and it was usual
o-build the mifk -stone of selected picces cemented’
together with plaster of Paris and bound around the
i circumference with-iron hoops. The stone was then :
: smoothed off with cement on the back and the working
Sy face was dressed. These stones were particularly. suit-

~i'such stones

‘-as a Tunner stone. / i :

R working surface of the runner stone is recessed at

§0 that the gram which is introduced at the centre can

able for finer gnndm and in the later days of T
,honzontal stone grinding nearly all ﬂour was produced on

known variously as a bed stone, nether stone, or sometimes - -
asa ‘hgger ) and an upper revolvmg stoné generally known,

the centre {or eye’) intoa conical depression; or ‘swallow’,
énter without difficuity and distribute itself evenly.

At the end of this portion is the reducing zon'elvwhere‘the

“grain is crushed and pushed to the actual grinding zone

before emerging as meal at the skirt of the stone.

The ‘dressing’ of the ‘stone is the operation of cutting on
the grinding face a series of furrows, each about 1~2 cm ;
deep. The purpose of the furrows is mainly: i o

| to actas a distrbuter to propel the grist-to its exit,

Zf)'andsz‘ones l)erbyshlre Peak Stone 1s one example of
- sandstone. The stone was hewn in one piece out of a /
' solid block. These sandstones were much softer and less
durable than mill-stones of French Burr but produced
-a.meal of particularly ‘soft and pleasant texture and /were

i .‘-‘ “used mamly for grmdmg barley and oats

3 “Stones of volcanic origin. The best known of these were
quarrred*m the-Andernach-amd- ‘Koblen"[areas of- Ge_rmany
‘and brought down the Rhine for smpment to this
“country, where they were known as ‘Dutch blu(/stones
These were preferable to the Peak stones but were them-
selves displaced by the French “Burr stones durnllg the
nmeteenth century." '

I Okeomposztmtanes.—"l:lre’se‘wer

‘numerous the furrows, the cooler the grinding and the
-..greater the capacity of the stones. Naturally, large stock
' caught between the edges of the furrows would be crushed.

2 to ventilate the working space. ‘ . 2

There are furrows on the'upper and lower stone so that
when one is laid upon the other, the furrows cross each |
other at an angle. - - © ‘ b

The actual grinding of the grain is done by the flat surface ,
between the furrows known as the ‘land’, and thisis
generally picked or ‘cracked’ to give fine ‘featherings’ or
‘stitching’ to produce a better grinding effect. Too much
‘land” causes overheating and, as a general rule, thé morg

. reducing French Burr or emery to particiles 1 O@/cm or
less in diameter and embedding them in p str/o g cement.
Mixtures of othér particles have been usdd to givea’
finished stone of a partlcular hardiiess to suit the purpose
for which it was intended. Besides this cg ntrol of
praperties, composite stones had the advhritages of

being free from the soft spots ‘that sometjmes occur in
‘natural stones, and of being self-sharpenmg owing to

the multitude of cutting edges presented by the
embedded part1cles '

These artlﬁc1al stones were usually made |by pouring
the liquid composition onto a cast-iron; backing plate;
- provrdec with undercut grooves to hold the solidified

composition sccurely in'place. This backtng late w

s1mpl1ﬁed the mounting of the stone on the drrvmg
“‘spindle, and enabled it'to be removed and’ replaced more

easily than w1th natur. l@ls'g,stlffened the stone

so that it could be used composition‘was almost
“entirely worn away.

~Two-stones are arranged-asinfi

" The pattern of the dressing was usually in the form shown

" radially from the centre to the circumference, but start .

The-furrows were-usually-cut-with-a nearvertlcal back
edge and a sl opmg, bottom. y

in fig 1.59 and consisted of a number of master flrrows
runnmg from the eye to the circumference, with tributary'
furrows placed at an angle each master furrow with its - ,
tributaries comprising a ‘harp’. The furrows do not run

]

runner stone
’ "{

"bed stone™"

swallow

reducing zone
L

FIg] 58 Hanzontal gnndmg Vith lower (nether) stone and upper .
(numer} stone . S o :

<——|-'—:;g'rindingzone e

i ~quayter. Fora stone of 1:2m dzameter the furrows wauld be
335 mm X 8 mm cross section :
5 Dmgram from catalogue c 1890 of W Gardner, Gloucester 1

Fig 1.59 Pattem of dressmg on a mill-stone suitable fbr ordinary low
grinding, divided into niné quarters or harps with faur furrows to each g |




tangentrally from a crrcle rather smaller than the eye of -
the stone. The radius of this circle is the lead or ‘draft’ of
the fuirrows and has an important influence on the distri- -

butlon grinding, and drscharge of the stock. .

Some\stones have c1rcular furrows sometrmes referred to
-as.<sickle” dressing,.and. again.the.start of the. master
fLirrows is tangentral to a ‘draft’ circle.

' Penodrcally, sometimes after only a week if the mill was
working hard, the furrows,‘ were redressed either by t}ge
,,,,,, - miller or by a specialist stone dresser. When this was
necessary, the runner stone had to be lifted off the bed ~ -
stoné; 'swung away;, and turned over so that the grinding
“faces of both-stones were exposed Since stones could weigh
over one ton when new, there was a need for lifting tackle
such as hoists, stone cranes, or callipers to remove and
turn over the runner stone once it had been raised by
* driving large wooden- wedges between the working surfaces
of the stones. :

k The tools used for dressing the stones were the ‘bill’, a
“tempered steel cutting tool shaped like a double-ended
3 wedge, and the ‘pick’, a pointed cutting tool.

~These were mounted in ‘wooden. 1andles called “thrifts’.
(See fig 1.60). A bill would need resharpening after about
~fifteen to twenty mmutes work on the stones, so that

often there was a circular grindstone arranged vertrcal]y

mlll

.60 Equrp;nent for dressmg mill- stanes At the rear is the pro-
ng stafffor checkmg the flatness of the stones, in  front are the
Wooden handles.(* thrifts’) for the mill bills and pz;ks On the right,

“near the provmg' staff, are templates for dressing stones, including
. one for.the curvedfurrows in sickle dressing. ‘The two pLeces of stone
on the Ieft are part of a Fren ﬁ‘ Burr mill-stone .

—.and driven by a belt-from one-of the rotatmg shdfts in the .

dlffer in the way the bridging box is supported They are
as follows: "~

-1 The bridging box may be secured to a stout timber
. beam (the bridge tree) which is pivoted at one end, and

. Wstmg the vertical position-of the™
~.-~“other end. THi gement is shown iir fig 1.61a.

In many instances, the positio'n of the-movable-end of

the bridge tree was supported in a stirrup from which-a

screwed rod passed upwards through an eye or bracket .

fixed to an upright of the hursting: The stirrup was he]d
by a nut on the screwed rod above the eye, and by
turning this nut with a spanner a fine adjustment could
be made! to the vertlcal posmon of the stirrup, as in

fig 1.61a. " -

2 In another method of tentering, the brrdgmg box was
mounted in a vertical slide in the bridge tree which
remained stationary. -

- ~J

bridging‘box

hursting

“

e

: ‘ ’
i /bridge tree

\,stirrup

»Inus'e,‘ the two stones did not come into actual contact
~ although the space between them was very small (about
0. 03 cm accordmg to one stone dresser) and cdrefully ©

__t_tolled “to produce the best results. The progess of-adju mgM

‘the gap is called tenterrng m“'ﬁé_EMSm to do this
isi itermed ‘tentering gear " ;

“Hot T rdnft and overdrift stones—tie
the runner stone_s_mlpported_from belpw— y-thhtuuc

spmdle wluch is supported by.a ‘toe’ or th]rust bearing in
_an_mm__bndgmg box’. The latter has four )hacklescrews

.- which can be: ddjusted from outside to posmon the toe

bearmg accurately The two mam methodtsi of tenterrng ;

“Fig 1.61 ‘Methods of ‘tentering’ or adjusting the gap between the

7T two stones. (a) Bridging box secured to bridge tree. Below is shown

detail of stirrup held by adjustable nut. (b ) Peg mounted centrally,
on lever below brtdge tree -




.

The adjustment was obtained from a peg mounted centrally
ina léver be’lbW the bridge tree, as spown in figs 1.61b and
11.62. This supported one end of the lever but the other
:-end was carried by a screwed rod-passing through a nut

* integral with a'bevel gear which was rotated through a

- mating gear by turning a handwheel outside the hursting.

Fig 1.62 .Tentgring gear formerly at West Farndon Mill, north-east
of Bargpury. The iron bridge tree carried the jack ring.gear with thé
“operdting handwheel below. The gap between'the stones was ad-
justed by Werﬁcal movement of the footstep bearing carried
..on»thebridgirree, by turning the handwheel on the.vertical post at
the right of the picétre : '

In many mil s', the supply. of wziter to the wheel is more or
less constant so that the mijll-stones rotate at the same
speed. Once the stonesf{héVe been-running for about half an
hour, so that the gap between the stones can be set at -

. the normal running temperature, no further tentering is

- required. However for some mills, such as those supplied

from a pond, the T(Nater‘lev.el will.drop, and if no alteration =
is made to the setting of the siuice the speed of the water-

wheel will decrease and consequently the driven mill-

stones will run more slowly. The gap between the stones

must then be adjusted if grinding is to be consistent,

"w,; “In son{e "t‘:ase,s where the head of water might alter, auto-
-matic devices were installed and-these worked by either

e altéﬁng'thé flow of water, dhto the wheel sc that its‘.
speed and that oqf the mill-stone remained more or less
constant; or. T L

2 alteﬁng the gap between the stones'fitO compef]satg for
the change in speed. ' =}

i

In both cases-the devices' generally utilized a centrifugal
ball governor'first applied to clocks in the seventeenth

» century, and patented for use in windmills in 1787, ard
_ 'then in some watermills. Two balls were suspended from
~ rods-attached to a collar fixed to a fotating vertical Shaft
-driven from whatever was subjected(to a change in/speed..

v

s f,‘,"See fig 1:63. As the shaft rotated fajsfer the balls‘\éould e

fly out.’As they did s‘o,.]i)nk's‘ connecting them td a sliding

-="collar lower on the Ve‘rtical'slfaft"‘Wéuld"Cau'sé the.gollar to "~

slide @Wards. This ‘movement wasqutilized, normally by a
of levers, to compensate for increase-in speed. :

s for automatic tentering are:shown in figs 1.64 -

. Near 1t$' uppcr end tlle,Stohe spiﬁdle“ passed through ﬁlC
. centre of the bed (ie the stationary) stone, where it was
e Yo : : ;

-
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Fig 1.63 WaterwHeel driving governor which controls setting of i ' |
sluice admitting/water onto the wheel &

€

tentering
SCrew

brayer,

bridge tree ;

iy . 3 T

Fig 1.64 Yypfcal arrangement of levérs and governor for automatic
tentering DT ) :




Fig 1.65 Governor, for auto-, !
matically tentering one of the
pairs of stones at Dodford Mill,
near Daventry. The governor is
belt-drivei from a pulley on the

collar, near the bottom of the |
governor's vertical spindle, is
transmitted by the swan- -neck,
-lever to the free end of the bndge
tree inside the hursting

laterally located by a bearing consisting of brass bearing o
pads held tight agz}inst the journal of:the stone spindle by

wedge pieces in recesses formed in the square bearing block

or'‘neck box'. This was fixed into the centre-of the bed

stone. A cover plate was fastened across the top of the neck .
box to prevent the grain and dust getting into the bearing =~ | )
and instead direct it into the ‘swallow”of the stones

f runner
From just above where it emerqu through the cover plate it l stone
the stone spindle was shaped to 4 square section usually. -
tapering towards the end. On the upper portion of this ‘
square section was posmoned th* means of supporting ahd™.

drivifig the runner stone. The mdst common methods used ; - ; o L :
were: A - )

:1-a rynd or iron cross

2 _§l‘mace and- bar (or rynd) : L R \ L)
o i S
3 ] 2 i

macc dl]d glmbals

‘The rynd or. 1rcm CToss was thc cdrlier method, in which the v\
rynd was set directly onto the tap pered part of the stone |
pmdle and the extremities’ of its rmis let into recesses in > - e o
t‘he«underside (ie the working facg) of the runner stone. This | R

as virtually a ngld? mounting and gave dlfflcu]tles in
‘Ualancmg - i'

——

damsel

—

- {
The othe‘r two metbods both used a mace head wh;c 1 was ]

*. of castiron and set|onto the tapered portlon of the stone
spmdle . i ‘ g %

In métllod 2,above,liliustrated in fig 1.66a, thé bar (some- \
times called 4 ‘bridge rynd’ or ‘gimbal bar’) again had its ’ ‘,
ends located.i in cavities, diametrically opposite actoss'the

: Jeye of the stone However, the bar was shaped so. that its. ‘
‘recessed centre could rest on tep of the stone spindle which ;
was given a spherical apex. The bar was embraced anfl

* drivén by the protruding lugs of the mace head (or ‘driver’). !
This was usually provided with recesses to drive. the damsel, } :
wluch was fitted in from above the stones (see page 34). . “

. b}
ln the true glmbals method shown in ﬁg 1.66b, the mace {

Fig 1.66 Methods of driving runner stone {a) Mace and bar (b) Mace™
head was provided' with trunnions (111_,stead of aslot or with trunnions and gimbal ring

v . )
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stone spindle. Movement of the =~




2

4 [
o P

i B
* forked ends) and these were located-in two recesses in the
‘underside of the gimibal ring (sometlmes this was of ellip-
otical shape) At rlgh angles to these Tecesses were
trunnions wluch registered w1th the cavities either side of
- the eye of the slf R ] R

o
| “When the runnir stone. was in,motion it was essential that
“the stones never actually touched, since this would produce
' - 'very rapid wear of the stones and also sparks which might
i set the mill on fire. Because of the way the’ b ne!
| -was supported and -driven, it was necessary to balance it-
P exactly This was sometimes done by cutting: cavities in .
‘ the back (or upper surface) of the stone and running in
" lead. Later, adjustable balance weights, patented by '
Henry Clarke in 1859;*were used. '

In use, the stones were enclosed ina we“"den cover (‘ tun
or'‘vat®), usually round but sometime taanaL on,which
stood a framework (known as the ‘h 'supporting a
wooden hopper. From the horse was pivoted a wooden
k spout (called the ‘shoe’) which fed the gfain into.the eye
| of the runner stone. The usual arrangement is shown in
‘-ﬁgs167and168 ‘

Grain was dehvered into the hopper through spouts from
*the bins on the gamer floor above. It was essential to keep
Lgrain between the stones when they were.rotating, other-
ise there was the chance of damage to the stones or even

lof sparks to sét off a fire..To warn the millegthat the
!hopper was running empt\y, a leather strap was ofteh
placed across it with one end fastened to théfar side of
‘the hopper and the other entl hanging over the lip of the
hopper above the eye of the stones with a smalt bell attached
; " to'if”When there, was a reasonable amount of grain in the"
. hopper, its weight was sufficient to hold down the strap
so that the bell was held-up. As the quantlty of grain fell”

. its'weight was eventually unable to réstrain the strap,

" ‘which rose so that its free end slid down over the edge of
the hopper. This allowed;the bell to ¢ome into Contact
‘with an megularly-shaped piece of iron (called a ‘dlamsel’)
rotating with the runner stone. Thus the bell rang a warning
PR to the miller that the stones would soon be runmng ‘dry’.

\

Erom the ‘hopper, the grain rafl into the shoe. Plvoted at
its rear end to the hprse the front of the slfoe was pulted
to one side bS/ a°cord attached to a springy piece of wood
(or,'in Iater years, of metal).-This caused a hard block of v
wood (the ‘rap’) on the inside of the shoe to catch on the

: gram travel down into the eye of the stone

‘The front of the shoe was held vertlcally by another cord
fastened to it and running over part of the horse la:}\d/or

“a bobbin so as to clear the edge of the stone coverfin \
‘passing through a hole in the floor. From below, tte miller

cord on a tw1st peg located near the meal spout. In some
“‘cases there was an additional control of the flow of gfain -
by means of a sliding door or hatch in the front of the :
‘ hopper ‘ ,

" From the shoe, the grain fell into the eye.of the runner,

o stone (which was sometimes lined with thin metal sheet)
: and passed into the swallow, and then ground on its
passage through the stones. It emerged at their circum-
ference as meal, and was trapped by the stone cover. A

~.metal ‘tag’ or"p’addle’ was sometimes attached to the

34

7~ rotating damsel so that the shice vibrated and helped the =~

\could alter the inclination of the shoe, and thus regulate the |
amount of grain passing to the stones, by adjusting the N

T,

3 hopper

2% ,/\
- shogor sligper .

horse

spring or
- N . Q
miller’s willow
b

crook string

"Fig 1.68 The ‘stone furmture on a pair of stones’ at work at;
Buckland Brewer, south of Bideford, Devan. Grain from the Storage
bins on the floor gbove descends through the wooden spouts linto

the hopper, carried on the wooden frame called ¢ ‘horse’. Beneath
the hopper is the shoe, pivoted to the rear af the horse and sus-
pended at the front by the crook string passing over parts of the
horse. This stands on the wooder: stone case, which completely :
_encloses the mill-stones except for where the shoe delivers g-mm into
- the eye of the runner sione

~ : C
," Q




3 1 :
o runner stone Tlus helped to swee he mezil round the .
. “ annular space between the edge of the stones and the inside
of the stone cover ta a hole in the floor, through )
Wthh it-fell via the meal spout into a bin or, sack below.

The; output of the stones depended upon t11e1r size and

since the relative linear velocity between rurrner and bed’

stone ‘could not be too great, the larger dlameter stones
were rurl more slowly. The relatlonslup between size,

: capamty, and speed of rotatlon is shown in the following

o fable. . \

}

i
i
i

. v

a

1

o Dimizél;er of stonek (ém)|
i : , . "75 .90 105 120,
I | Speed of rotation of ruhn;er stones . 2501’ ;V2OO 180 150
, " . (revolutions per minute) ) -
~ 1 4 Quantity of corn ground into meal con- "2 3% ) 5
! taining fine flour (bushels/hour) .
\\‘ Quantity of.com ground into €8urse meal 5" | 6% . 8 10
|+ for animal food (bushels/hour) i . e )
50 ;

Grain cIeamng machinery

Ln addltron to grmdlng, there might be ancrllary processes
which reqmred machines for which the drive was taken

from layshafts (see page 29). Gram cleanmg was a pre-

hmlnary t\o the grinding process descnbcd in the last seetlon

“When deld/ered to the m1ll the grain rmght contain various
1mpur1t1es as describéll on page 23, and mlght also have
undes1rabée matter adhering to the individual grains. The °
former were removed by vanous types of separating =’
machine;/and the adhering dlrt together with the husk
beard, and any smut, was removed by scouring.

i

. The impurities generally differed:-from the sound grain
- by onefor more of the following characteristics:

-

7 D1ffer nt types of separatmg mdclunery were dcmgned to
. utilizeleach 6f these differences; but often the separation
of the grain from impurities differing from it in size and

! spec1ﬁd\we1ght was carrled out m a smgle machine.

Separatmg by size was a srftmg process The sieves were
e1ther of{ wover iron, steel, copper, or bronze wire, or of
erforat d sheets of metal As'the grain passed qver the
 sieve, the separate grams fell through when the meshes ”
itly larger than' the grains, and the larger impurities
» fell off t eend oﬁthe sieve. In other-words, the throughs
. supphed the gram and the ‘overtails’ consisted of the larﬂer
- impurities. Toremove the smaller 1mpunt1es the grain
passedko er a sieve “with meshes smallerithan the smallest
grains,; 'luch all,went to the ‘overtails’ whilst. the small
unpuntres formed the ‘throughs

, .
In order to make the product travel over the s1eves there

were in general Ewo forms of sifting machines:
1 those W1th v1bratory motron

2 . those with rotary motion.

In thefirst type, the sieves are set af a slight angle to th e
honzontal plane and given recxprocatmg motion by raefns
of a crank. In the second type, often termed ‘reel -
separators’, the working surfaces-revolved. The- reels could :
be round or, for cheapness and case of construct1on
hexagonal in shape. .

s -

- Fig 1.69 shows a simple reel separator. The reel is inclined
-and the grain flows in to thé upper end through a spout.
As the reel rotates, the grain tends to lift up the sides-

- and then falls back to the bottom.and slowly travels
towards the lower end of the reel. The first, or upper, part
of the reel isrcased with si¢ves of finer mesh than the grain
so that the sm‘all impurities pass through to a collecting

" chamber below. The last part of the reel is cased with -
sieves with aJnesh slightly larger than the grain which
passes through to the hopper belgw whilst the larger

: /1mpur1t1es overtail through the open-end of the cylinder.

'Separanon by specific welght was performed in machines
providing an air draught-The simplest form, often called. :
an aspirator, is shown/n fig 1.70, and consisted of a
chamber and a fan.<", * :

//

&

i

; /A

_rotating reel

large impurities small 1mpur1ties :

grain | v
Fig 1.69 A simple reel separator

fecd

R -light Tmpuritics

Fig 1. 70 Aspiralor: for separation of grains by specific weight

The grain enters by an’inclined spout andeficounters a |
current of air asprrated by a fan wh1ch draws up those,
1mpur1t1es lighter'than the wheat. These are carried on to
the chamber, where the lightest aré ejected by the fan

and the not-so-light fall into the hopper, from where they
are eventually discharged. With only single aspiration the
cleaning was only partiaily effective, so machmes were made
with multrple stages of aspiration.

N
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. Often oscrllatmg sieves and an air draught WeTe combmed
-in’cleaning machmes, as shown in fig 1.71.The i 1ncommg :
' prain-encountered a draught of air wl'uch removed thé
- ‘dust and a good deal of the chaff. The top sieve had holes -
" slightlylarger than the wheat, which'fell through, whilst
the larger impurities continued down as ‘overtails’ intoa
. disdharge chute. The lower sieve ltad holes smaller than
the ‘grain so that the small impurities constituted the
‘throughs” and the grain overtailed:to dlscharge Here it met g
a draught of air which removed the remaining P Chaff and
any other light impurities which had been shaken loose
"~ "as the stock passed down the sieves. :

T air outlet 3 ‘

* ‘ ’ AR ' -
1 .
s ¢
i
strings, straw 7 3552 7 ‘
R ) T
. _:r;amprucatmg N o | impurities
o on Sleves | itmpurities smaller | larger than
. than wheat 1247 wheat
RE
0 7.
—- 2,
o
uﬂ
v W:ﬂ,’
@ 5

Fig 1.71 Combined cleaning machine ‘ . s

“:To rid the grain of ‘foreign’ matter such as rye, barley,
oats, and cockle, machings were used which separated by
shape. On_e,of/tlfélearliest of these was theltrieur’, which

,,/w'asiﬁv/ented by the Frenchmen Vachon (father and son)

" %in'1 845-and 'was used well into the twentieth century.

The trieur consisted. of an *lnclinedtylinder of sheet iron,

fig 1,72, with small cylindrical recesses on the inside . " .
surface. The cylinder was rotated but inside was positioned
~a stationary conveyor box. Grain entered the raised end -

“of the cyhnder and the round grains of the ‘forelgn

cereals fell into the recesses, in which they were carried up
as the cylinder rotated until at a certain height they dropped
out and into the conveyor box: The wheat grain travelled
down the cylinder by gravity, helped,by the rotation of the,'
cylinder,‘and was discharged through a spout at the lower /4

Tig 1.72 Trieur for separtmng wheat grai
the foretgn cerealr

i.

Coa

: 'box by a rotatmg Screw or worm toa separate dls/charge
‘spout.” .

the 19205 of the disc separator which had rotatmg vertlcal
. discs with Tecesses to trap the unwanted cereals

.a name they were given because they were first developed

-came out at the lowcr end of the sleeve

end The forergn matter was propelled along the conveyor , j

ey

Tneurs became less comimon after the mtroduc'tron during

Matter adherlng to the 1nd1v1dual wheat grams was rernoved
by scouring, Dunng the latter part of the nineteenth

century this was done mainly if machines called smutters

to deal with grain suffering. from a disease,which produced
black ‘smut’ balls. Smutters consisted of a:series of i iron .
or stéel beaters rotatmg at about 450 rev/min.nside a = &
cyhnder of w1reqnesh or perforated sheet irori. The aim
was to keep the grain rubbing on the cylinder and so

burst thewsmut balls and rub dirt from the grain. The
resulting dust Was extracted by an aspirator. Smutters
were made with the cylinders either vertical (in which case
intermediate trays ortables were fitted) or horizontal.
Flour dressing and gradJiﬁg machines

After passing through the mil-stones,.the grain was
converted to meal = a mixture of flour with p1eces of the
broken bran-coat. To.obtain flour, it was necessary to -
separate the'branny particlessfrom it by sifting. Some of
the methods used were similar to those already described

‘in the prevnous section for preparing grain. However;

whereas the warkirfg surfaces in the grain preparation
machines consisted of sieves 6f perforated metal plate

or wire mesh, those for grading ﬂour lltlll?L(l cloth and,

more usually, sllk

Bolters® T .

" The earliest bolters were simply a long cy]in(lrical cloth

sleeve held in an inclined position with its upper end"
arranged just below the mill-stones to receive the freshly
ground meal. The sleeve was agitated by a wooden rod

‘worked by the drive to the stones. The flour was shaken-

through the sleeve and collected, whilst the bran partlcles : i

By the nineteenth century, the bolter in most common T

use:in-England consisted of a wooden casing in which

rotated an inclined, wooden, cylindrical frame or ‘reel’.
Over this was fitted "L‘tubular bolting cloth, The meal
was fed into the upper end of the cloth and as the reel

..rotated (at about fifty revolutions per minute) the meal
m,srde was turned over and over 5o that the flour passed
£

€ fine mesh of the sleeve. Under the we1ght of -

2 nrteal msrde the sleeve sagged to Tub onto several longl-

el ‘and this helped the flour to pass through At flrst
leeves were made from wool, then from calico, and ©
y from silk. However, by the time silk was introduced
‘had been developments in the rest of the machlne

*

Hire maclzmes ‘ :
¥n alternative to'the bolter was the wire machme (often.w
i eferred to s1mply as.a-*dresset’) in which the sifting

e ‘surface was a stationary cylindrical frame, about 2.m long

and 40 cm in diameter. It was lined with wire cloth and

placed in'an inclined pos_1t1on,_x(ybetween 20°.and.45°) over .

f
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o oofixed framing

_aseriesof hopperrs',ft_hé‘ wholé},breingpnclcﬂ)ééé ina wo‘nglﬁen :

~ box-like structure, as shown in fig 1.73: The finest wire

= was at the uppet end, the size of wire and meshes increasing

towards the lower end where the bran was discharged:

—fine-wite

‘gauze

~revolving

N Inside this cylinder was a reel fitted with' brushés and ot
\;evolvmg at high speed (320 to 450 rev/min ‘were normal

ut some ran in excess of 500 rev/min).

7]

brushes -

The medl was delivered into the top of the cylinder by a
wooden spout and was driven through the appropriately |
:sized mesh by the rapidly revolvmg brushes. Surv1v1ng g 7
examples of wire machines are shown in figs-174and 1. 75.

1

Reel separators

By the 1880s the old-style bolter and the wire dresser had
been replaced in most of the larger and mediuni-sized
mills by the silk reel or reel separz\rtor The longitudinal®
bars of the rotatmg reel were shaped to propel the stock

. B
} bran S

~ s Cpollard

‘ 123 grades
flour :

sy Y 4 i along the cylinder: See fig 1.76.

‘middlings " EE 4 {

) Centrifugals

‘\\ . "Because, in the ordinary reel separators at any instant only
.~ athird of the available sifting area was being used, they

had to be made very large to deal with the outputs required.
Centrlfugal reel separators, fig 1.77, were evolved in an

attempt to produce a more compact machine by moving

the meal at a wide angle to-the bolting surface and so to

utilize most of the area of the sieve. Centrifugal flour g

dressers had the reel and silk rotating at between twenty 2

and thirty rev/min, and inside this, rotating in the same

direction but at about eight times the speed, were beaters.

- Fig 1.74 ‘Dilapidated wire machine at Dodford Mill. The front cover
». Of the machine has been removed so that:the fixed wooden reel, for
mupportmg the wire mesh, can be seen. L N

76 Flour-dressing reel. The stock was propelled along by the\
Ionglrua'mal bars

From\catalogue, ¢ 1890, of W Gardner, Gloucester t \

srotating Y
brush N\

creel

beaters )
|

S worm
1 conveyer

~Fig1.75 The wire machme at Sarehole MIII Bzrmmgham. The {
_ wooden reel gnd wire mesh has been partl)( removed to.show the |
brushes whzch used:to rotate when the machme was in use Flg 1.77. Centrzﬂtga[ reel separator
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The meal was hfted by the rotatmg reel, eventually to
_drop back onto the beaters which threw it onto the bolt
surface and - SO mcreased the throughput

ing *

. Planszfters -

<In sorne‘ cases, the sacks of grain were man-handled into_

- the bottom of the building to a position undermeath the .

hinged trap doors ‘which are a feature of most mills.
‘There, a chain v@lgojed around_the neck of the sack

“Because of the power‘consumed by reels and centnfugals
and ‘inequality of work on the bolting surfaces, machmes
were dé¢veloped usmg flat sieves. There were two- basu: o
types :

1 machmes With reétllmear remprocatlng motiéii of the
sieves

v

2 machines with gyTating progressive motion of the sie\%es.

The former-were a useful alternative to the reel in small
mills where space was a major concern. Thesécond type
prox;ided’ great capacities to suit the needs of latge mills |
working on the gradual reductlon process, arnjd are.in use
-today in ﬂour ITllHS

. !
|

Transportation of stock”
The incoming grain.was usually stored in wooden bms at -
the top of the mill so-that it could be fed by gravity to |
‘thé hoppers and thence to the stones. Thus there was a- “
need to lift the newly-delivered grain from the ground

“floorof them'rmll A/gamer floor is shown in fig 1 78.

Flg 1,78 .The garner ﬂoor at Long Buckby Bottom MzII near Rugby
showing the storage bins on each side of thehrmsed wooden walk- way
!
|

i

bearing on
fixed beam

bearing on movable beam

~belt drive from machine shaft

Figl .‘79 Sack hoist ilsirgg the slacf)c-‘atrd-t"ig}zt belt principle

»
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‘Parts of a sack hoist are shown in fig I.E}O.

. Tope was released, this bearing dropped and the hoist

and a hoist was used to wind up the chain unm the sack
reached the requrred floor.

I

- There were soveral possible arrangements of sack hoist,

the most usual being one where the chain was wound on a
horizontal winding drum or. barrel. Various ways of
driving the drum can be found but a common method used
the slack-and-tight belt principle illustrated in fig 1.79. ,

\
-

In this the winding drum was‘supported by a fixed bearing
at one énd, but at the other, carrying the flanged wheel for
the belt drives, the bearing could be moved vertically. -
When the hoist was not in use, the winding drum was
inclined down towards this end and the belt from the lay-
shaft below would be slack. By a system of levers, a steady
pull, on the control Tope extending to the bottom of the
mill could lift the movable bearing, so tightening the

belt and setting the hoist in motion. When the control

quickly came to rest. If the control rope was not released
in time, the sack might go all the way up to the hoist

Fig 1.:80 Fart of the sack hoist at Dodford Mill,.near Daventry. This
shows the hoist barrel with its chain at the fullest extent (ie reaching
to the bottom flaor of the mill) and the pulley- for taking the drive
by.q belt fr(im the floor below. The beam carrying ‘the bearing for the
Iroist\bkzr(gl and pulley is pivoted to the vertical post at its left-hand
end. At its other end, on-the extreme right of the picture, is the chain
connection to the long lever by which the pulley is lifted so as to
tighten the belr and thus transmit power to the hoist barrel




:ba.rrel 1tscl Slnce th.rs was often mounted h}gh under: the

- toof; the sack could cause senous damage to the roof as
. ~well asthe horst Inafew: m]lls safety devices were
dn provrded to )J_revent tlte sacks travelling - too far

»

Py s

. TURE PR IR
CAftert uppl.ug the prai

u'u1u the

. to'the hoppers feeding the stones. The control of the flow
“Lwas achreved by wooden shutters; slidin or out-as needed,

Cinto'tlie bins on the -
garner floor, the grain was, fed, when required, down spouts N

|

and held by string when'in the ‘out’ position. After- grrnu‘
: -ing, the meal from the stones was collected below them ./
in sacks' wluch were hfted wrth the horst to feed mto the

: urcssmg llldLlLLIlU

e

To avo1d the need to manhandle the incoming sacks off

. the wagon or cart and under the hoist inside the mill,
“some mills used an ‘exterrial hoist froma lucam,\ or small

o covered ‘projection from the side or roof of the mill. See
~fig1.81. To a551s/t in‘the dispatch of sacks of dressed flour,
“‘wooden slides were sometimes hinged to the silllof the

0 door, often on the first floor, through which theé sacks

‘could be slid down onto'the waiting vehicle. The moverhent

'of stock across the floors of the mill was usually by sack

barrows,.,m..q ; . B A

As mlllls ‘became b)gger and there was a desire to make them
more automatic, the handhng of stock was considerably
improved.In consrdermg these developments the trans-
‘portation: requued within a mill can be con51clered under
- two categories: : ‘ *

1: from floor to floor upwards or downwards

i 2 along one honzontal plane .

stock out
)

R
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o
< l
3 I
& |
i ol
L3 t. .
K 3
) .
i
|
= ¢

Fig 1.82 Vertical elevator for raising stock

Transmission downwards continved to be by spouts but
transmission upwards was by elevators. Thése consisted
of an endless belt with containers (boxes, cups, or buckets)
attached to it and running over pulleys, one at the head
and one at the foot (or boot) of the elevator The belt was

. beinglifted. The arrangement is shown in ﬁg 1.82.

Such elevators are nearly always vertical and only:very
rarely mclmed never more than 10° from the vertical,
. otherwise tlie sag of the belt on the upper side causes it to
slide overthe wood casing, so damaging the beltand -
_-causing friction which consumes extra power. The cups,
usually made of galvamzed sheet steel, were made in a
variety of sizes and shapes with the 1ntentron of giving the
most efficient transfer of stock. Some elevators had brushes
fixed to the belt and these sweptthe\dust from the walls
of the' casing. s

9

For horizontal transport the Arl:)11medean SCTew, worm,
or conveyor {somietimes called an ‘augér’) was used. It.
was usually. contained either i ina wooden box on the
bottom of which was fastened a ciirved metal sheet, or in
.a cast-iron trough with a semi-circular bottom.’In addition”

: runmng IIlSIde rectangular wooden troughs.

to screw conveyers there were those utrl1zmg flat scrapers -
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: Machmes for ammal foods Sl : 5 Auxtltary power‘
-As mentioned on page 23, many mills ended thelr days { ‘Towards the end:of their working days many.mills had

*gristing’ or-making ‘animal foods. _Because some of the the power frem. fheu' waterwheels or turbmes supplemented

. flour-milling equipment (such as the dressing machines) ' Lor supplanted by other forms of power — steam engines,

were no longer required, other machines had to be installed oh engines, gas engines, and perhaps eventually electric
“to.meet.the demand for balanced rations: These included: ***motors. There wére many ways in wiich the power was
oat crushing rolls ey , S transmitted-from the new source to the’ ex1st1ng mill ~
: ’ machinery.

)

chaff cutters
bean kibblers

cake breakers .

In some, the drive from the new engine or motor was by,
o : s ~belt to one of the horizontal'skéfts in the mill and, if
maxze flaking rolls | ‘ , ‘ j " this was only a supplementary. to the watérwheel, the
transmission would be by an arrangement of fast-and-loose
pulleys. In cases where the aux1l1ary power was supphed
by a portable source, a belt was taken uptoa pulley on
For gnndmg, the old horizontal mill-stones were ]ater ~the outside of the mill, fig 1.84. This was- qsually ona .
“replaced by machines such as vertical stone grmds:rs disc I shaft extendmg into the mill and” carrying'a pinion meshing
grinders, and hammer or percussion mills- A-sectional view - - with-the crown: wheel so that, through this and the vertical
ofa ve?rtlcal stone mill is shown in fig 1.83. 1 . ) shaft, power could be transmitted to the stones.

i
I3
/

/

decorticators (for removing from certain seeds the husks
,which have no food value). Lo

| ol — : S ' /
| 4
J .

Fig 1.83 Verncal,stone rmII — the ‘Selecta’ —!built by Seck Bros of Dresden cl 91 7 : - i

i
!

"

Fig 1.84 thchmarsh leI on the River Nene,
about 1914, Wzth the nver running in flood,
the level of water in the tail-race prevented
the waterwheel from working and a portable
steam engine hgs been brought up to drive, -
by belt, the puIIey protrudmg from the
second storey '




1. 6 INDEX TO MILLING AND WATERPOWER TERMS 5 French stones, type of mill-stone ' o 30
l i by ? : pagé‘fi Fromont turbine L 88
++ Alarm bell, 1nd1cat1n lack of gram in hopper S .,k,-/»34- Fulhng rrull for processing woollen cloth after :
- Americar turbire e o 90{j weaving ) o 3
+ - Aspirator, used in cleaning gram N } : 35 Furrows: grooves cut in mill-stones T 30
’Auger for conveying stock honzontally : 39 - Garner ﬂ oor, frbm which incoming gram is tipped T
: Balance weights, in mill-stones . 34 into the storage bins : 38
‘Bariki turbine i A 93 Géar ratios . o 29
- Barker’s Mill, ar early reaction waterpower devlee - 85 Glmbalgbar part of drive to and support of the
.+ Bed stone, underneath or stationary. stone | .. 30 runn;er stone | . . 33
- Belt drive to stoies l SR / 28  Girard turbine ‘ 90
Bill, cuttingtool to dress mlll stones o 31 Glut be,-'the top bearing for quant for overdrift
. Bin, holding grain on gamep floor - " : 38 stones : : 28
" Blue stones, a type of mﬂ]-stone - " .30 Goit, aterm used in some parts of the country
Bolter, for dressing ﬂouﬁ out of meal . 36 mstead of ‘race’. For exampleé, ‘head-goit’ and
‘Boyden turbine, the Americanversion of a - “tail-goit’; see| head-race and tail-race ,
Fourfieyron turbine |- . . 87 Governor, to regulate water flow or gap between L
“Bran . | ; 23 mill-stones - | ~ 32

Bray e to . ~.Gradual reduction process. of milling 14
] Brayer } a beam formm% part of the tentering gear 32 Griin cleaning 35
" Breastshot waterwheel ‘\ / 18 Great spur wheel : C 25 HET
‘Bridge tree, supportmg the bearmg at the footof - Greek mill, a fo m of horizontal waterwheel 10
“the stone spindle ‘ \ . 31 Gripe driven, anlother term for overdrift 28
+:Bridging box, the mountmg for a thrust bearmg for “Gudgeon, part of bearing : ' 20-25
eithier the stone spindle br upright. main shaft ~25 Hackle‘plate, cover plate over the bearing in a - : w
_ Bucket, of waterwhecl ‘ 21 bed stone . 33
<Bulb turbine o , 95 Hamgmier pongls, in connection with fron industry 3 )
Burr stone, type of mill- storre Lo . o 3 ... Harp, part ofithe pattern of dressing of a mill-stone - 30 :
By-pass channel g ‘\ ; o 6" - Head-race, another term for leat : 16 i
Centrifugals, for dressing ﬂOUI’ b 37 High milling, by| several passes through the mlll stones - 14
Clasp-arm construction, a méans of attachmg . Hopper, delivering grain into shoe feeding mill-stones 34,
“waterwheel or gear whé?l o its shaft T .20 Horizontal waterwheel : 10
Cloughs (pronounced clews), a term used in some Horse, the wooden framework SUDDOFUHE hopper 34
parts of the country to dascnbe by-pass R ~Hunting cog, inja gear wheel 29
‘\ channels \ Hurstmg, the wooden framework supporting mill- '
Compass arm construction, mlwooden wheels with stones” and enclosing the main gearing - 31
\spokes mortised into shaft | 20 Hybrid waterwheels 20
Composite stone, type of mill- stone : T30 Hydraulic ram, a mea f lifting water } 77
Conditioning, of grain | v 23 Impulse turbine ' ~ ‘ 85, 90
Conveyor, for transporting stock : ‘ 39 . . . )
Crook string, controls angle of shoe feeding grain to Jack ring, a.method'of disengaging stone nut 27
. rmlllstones ’ T, 34 Jonval turbine . . 88
- Crown wheel a-gear wheel mouq;ted near top of .- .wr 7 Kaplan turbine : o ‘ 93
i upmghi'mam shaft ‘ 2 Land, a term in mill-stone dressing  ° ' , 30
Damsel, which '1g.1tates the shoe feedmg gram to _ . Lantern wheel, in early type of gearing 24
~ rmll-stor\les v \ . ‘ 36 Launder, a trou%h catrying water to wheel 16
. Derjaz turbine ‘ 95 Layshaft transmission arrangement 24
i Dresser, for\separatmg grades of ﬂour from bran etc 36 " Leat,’or mill stream ’ 16
~.Dressmg, of : a rmll-stone - ! : “ 30. Ligger, see bed stone ; : : 13
5 i \ : Aoy [ 1 16 Low milling, by|a single pass through the stones
- Elevator;for 11ftmg stodk Vertlcally T 39 Low-shots, or weirs to ensure water level does not
- Endosperm’\ 23 exceed a spemﬁed height o 16
_Eye, the. central\hole through a runner stone 30 Lucam, a dormer enclosing an external hoist ' 39
' Feathering, a. term used in mrll-stor}e dressing 730 Mace head., used|in one method of driving and .
Felloe, a section of the rim of a wobden wheel 20 ' supporting the runner stone ’ 33
Flaunch, the central iron hub to wl'ﬁch are attached . "Meal spouts, through which the meal descends frorrr
the inner ends of the arms or spokes of a water- 1 .edge of stones ‘ Po3B e
. wheel L \( 21 M{H'Pond : i L. , 17
- Float, on a waterwheel ' S v 21 Mixed-flow turbine ) 90
»“Floatmg mill . \ e 12 - Neck box, for bearing in the centre of the bed- -stong . 33
Flopjack; a water—hftmg dev1ce ] o 77 Nether stone, see bed stone .
Fourneyron turbine . ,\; \ ! 86 .. Noria wheel, used for irrigation . 2
~ Francis turbine ’ iV 88 . Norse mill, a horizontal watermill | N 2
Y 8 1 : . ty
\\\; . S % i
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‘ ; Overdnft method of dnvmg mlll-stones from above 28 Starter box, for helpmg to set in motion very large\

“Overshot waterwheel -+ g A8 0 waterwheels s : T
‘Paddle, see float on waterwheel - 21 giltc}ung, m mlll—stgne dre:ssmg 1 i i e 22
Peak stones, type of mill- stone o 30 Stone Go:el;ha wooden casmgtirllliz otslmgdt e mill-stones 3
Pelton wheel B . o1 one nu e plmon transmi g the drive to the stone

spindle - P28
= ~Stone spindle, supportmg and driving the runner ston‘e 25
Swallow, the enlarged gap.-betweer the mill-stones .

: Penstock, a’ trough carrying water onto a waterwheel 16
\\-P{ngtock ‘the pipe or pipes dehvermg water to large ’
turbine installations

42

- - ~Pen trough; carrying water onto a Waterwheel‘ seg — -— - heartheeye :_ T e, 30
Penstock 16 . Tail-race ! V e 16
Ll Ple used to dress mr]lxstones . . 31 Tempenng grain | 23
'Pmron smaller gear of a‘pair 29 - Tentenng gear, for making fine adjustments to the gap
" ‘Bit-wheel, the gear wheel mounted on waterwheel shaft 25 between the mill-stones ; 31
PltCh-baCJ( waterwheel .- 18 Thomson turBine, sée vortex turbine ' 88
Plansiftet, for seiving flour - . 38 Thrift, a handle for mill blHS and picks . 31
Poncelet wheel, an improved type of undershot water- Tide mjll : ' 17
~.wheel © ‘18 Tilt hammers, for working fron - ’ 3
Power from waterwheels —— 56 - Toe bearing; for stone spindle 26
- Purifier, for separating middlings from flour v 14 Trieur, for'cleaning grain . 36
Quanty, the driving spindle for the stones in the over- ?rundle wheel, an early type of gear wheel 24
. . o ubular turbine . . 93
drift method el ) . 128 Tub-wheel , ¢ on tI heel
Quern : 10 ub-wheel, an 1rnprovemen on the li)orse whee 88
Quili, another term for quant BRI .28 - Tun, see stone cover i : 34
. T Turbines - o 85
Rap, a hard wooden insert 1nto shoe: where itis Turgo wheel, a turbme 96
.Reztgggi lt)grg:ﬁedamsel | ST 24 Underdrift method of driving mill-stones from below L0028
Reel, the wooden framework in bolters ) I | 36 Undershot waterwheel - ! 18
Reel scparator‘ for cleaning'incoming gram and also for . Upright shaft, thf: main vertlcal shaft in onc type of
. transmission ‘ 24
dressm;_, ﬂour from meal S35 -
Rennie’s slré}mg hatch for regulating flow of water Vat, see stone cover 34
onto wheel oo ) i Ventilating buckets on a waterwheel \ 8
Reversible waterwheel R 4 Vitruvian mill " 10
Rim, of waterwheel : , 18 Volute, see scroll ; L 93
Rim gearing 7 Vortex turbing. % 88
: Roller‘mrll . . L 14 Wallower, the.gear wheel on upright main shaft
Roue a curves } 1mproved versions of - 36 taking drive from pit-wheel ; "
Roue volant ‘1.1 orizontal waterwheels . ‘ Warbler, anothet name for alarm bell - - =34
Runner,-the rot‘atrng part of a water turbine 85 Watercourse o 16
-+ Runner stone, the upper revolving mill-stone ’ 30 Water Lift : : ; . 78
i Rynd, part used in one method of supportmg and - Water pressure engine: : i “‘ : 78
| drlvmg runner stone- : i .33 Whitelaw’s turbine RS 87
({ Sack holqt L - 38 Wicket gate, an arrangement of pr@g guide blades in -
| Saddle quem an early hand mill usrng recrprocatmg a water turbine ’ 88
}‘ action _ co éO Wire machine, for dressmg flour from bran etc 36
I *Scotch™turbine i ) - 87
‘ Scroll, through which watef comes onto the guide Yoke, used in one method for chsengagmg stone nut 27
! vanes in large turbines 93 , B
Segner wheel, an early reactron turbine 85 - . o ‘
Shoe, 4 wooden trough dlschargrng grain from the ‘ , ;
hopper into the eye of the stone ‘s 34 @ ‘ 1 ' . |
Shroud, the rim enclosrng ‘buckets in an overshot . !
* \waterwheel or breastshot wheel - o0 - 21
Shut, the sluice gate controlhn water coming onto .
the wheel Sl ' \ 18
Sickle dressmg, of mill~ stones ] . . 30 . : .
‘Skirt, of a mill-stone i ¢ S 30 g ‘ .
Shp cogs, @ method of takmg gears out of mesh - : 27 L ‘ S { :
Smutter, a machine for removmg smut from wheat 36 : : o ® o
Sole, the lining or covering across the inner edges o a : 1
of the rim on some breastshot and overshot NI . . L . F// ]
waterwheels i Lo22 . ) ‘
‘ Starts, the prOJectrons from the rim of a waterwheel v " : ‘
o to support the floats 'ﬁ , : S21. ’ P "
1 o | BN I : TN
i
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3 Although some schools will be close to a well-known mill,

=

LOCATION OF MILL SITES

in mast cases it will be necessary for the teacher to seek
out the nedrest available watermill. For many parts of
the cquntry, publications listing watermills are now

) avalla le asnoted on page 95. For the areas covered by

the Intustrial Archaeology.of the British Isles series,
published by David and Charles, watermills are included -

“in the sazetteer at the rear of each volume. However,

being general gazetteers these include only some of the

the. coﬁ 1%165 ifor which they have been published, the
approp jate yolumes of the Victoria County History give
informagtion from the Domesday Survey and include

- references to the mills. Part of a summary of Warwickshire

mills, cdmpiled from the Domesday- Survey section of
Volume |l of the Victoria C()unt; Hlsrory of Warwickshire,

| s giveriip table |.

~ Not-all the miills listed i in the Domesday Survey may have
‘been waterpowered. Somc are indicated in places with_

negligible flow of water, and it has been suggested tllat

“~these use animal power. In earlier times a separate water-

~wheel See

s to have been used foreach -pair of stones, so

7 that when! more than one mill is given for a particular
: plape in'the Survey it'is possible that these were all under

o the same

rof See fig 1.21 on page 12.

" Lists of local mills may also exist in manuscript fofm in

.amill or ar

_maps, and when the students afe

'

local libraries and record offices. These institutions may

be able to advise whether there is anyone who has been .
making a study of/fhe mills'in the locality. Some colleges

of education e students working on environmental
studies who have opted to look at the watermills in a
given district, and their reports should be helpful to
those wishing to 1dent1fy the mllls of interest in their
locality. :

1fno lists -of any sort are available, then the best starting
“’point as farﬂany likely physical remains are concerned are

the Ordnan%e Survey maps. The latest editions, although
showing buildings which were mills, often do not mark
them as sucjg because the buildings are®no longer in use.as
\ruinous or abandoned. Nevertheless, such
sites often contain items of equipment, perhaps even the
derelict waterwheel, and so are still useful as a starting-
point for school activities. Since these mills were probibly |
working at the time, the earlier editions of the Oréinance
Survey maps will mark them as ‘Mills’ and th€se older

_maps are usually available for consultgtion in‘the local

rooms of public libraries or the local records office (see
fig’ 2 1). -

At llus stage we are conuerlmd with the teacher locating
a suitable mill to see’if he or she ean use it to achieve the
particular educational objectives in mind. However, some
of these objectives may be concemed_with the use of
troduced to the topic

A

ey : Table 1
i Domesd} [y name Present name ) 4
Brailes | . Brailes

““Bedefor ~Bidford

- Stanlei. -Stoneleigh .~
Coleshell Coleshill
Cotes Coton (End) Suburb of Warwu:k :
Caldecdt Caldecote Juxta Weddington™

- Taschebrgc . ‘Bishop’s Tachbrock | ,
“Hantone -’ Hampton Lucy e
Stradford ““Stratford on Avon
Alvestone Alvestone . 1. ?
Spelesberi Spilsbury
Arue Arrow o ,
-Edriceston _“Atherstone upon Stour

(G) Raneberge

- Grandborough

“Sucham - ‘Southam .
-~ Sowa Sowe

Hunitone. . HoningAton'

Wasmerton 'Waspérto?i; ,

Niwebold Newbold (Comyn)
“Alne ‘Great Alne

Whitelavesford = Wixford

: Abbot’s Salford

- Salford

No of mills
i1 © . 110s
43s dd-.
1355 4d
40d 5 7 S
100s ' . .
- 2s : ’
125 84 = .
65 8d - :
10s + 1000 eels ——
40s + 12 sticks (Stich of eels) 3 1000 (eels)
" os0d
6s 8d -
+ 4, 10s + 10 sticks of eels
T 16d
_4s
~2s
5454d
20s + 4 loads of salt and 1000 eels
8s
5s -
105 + 20 sticks of eels
10520 sticks of eels

Dues

’

e e i - i 8 I U ISR (O T YO I 6 T N

r

‘

-
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Fig 2.1 Fart of the First Edition _
of the one-inch Ordnance Survey-
map of Warwickshire showing five
watermills, including one silk
mill, along this eight-mile (13 km )
stretch. of the River Avon

Fig 2.2 Girls from Quinton House
School, Upton, near Northampton,
observing a reminder of the time
{ when this lane led to one of the
; Kingstﬁorpe corn-mills. Althoug
§ this was demolished over fifty
i years ago the watercourses remairi,)
but the former tracks to the mill |
now constitute a through route '
linking newer parts of the town :
|

‘ ; . . ‘
thal’;‘nght be encouraged to peruse the maps to locate The first three of these topics have been covered in the ,
po%sﬂ)le mills or mill sites to yisit. : L,/) ‘ previous sections 1.5, 122, and 1.1 respectively, and we |
' ‘ : : must now eonsider obtammg information for t«he fourth

Aliother indication of a possibfe mill site'is the presence item. .

ofia Mill Street, Mill Road; or Mill Lane. Any of these -
“cquld lead, toa windmill site, or to a mill not concerned’ A . . C i

th corn grinding, but if the street leads towards a stream ’ . ‘ o
or tiver then there is more likelihood that it led to a |

ermill (fig 2.2). o ‘ , . . I
' Hjayin‘ located a mill suitable for school industriay . ‘ o » .

arfiaeology, the teacher may need background infdymation

1 “identification of th various items oi‘qquipmc\ht in the . . :i .
mill and reasons fof the layout and arrangement : . ., '

the historical backgroun to flour-milling ' ~ . VL

the history of 1] g 0 waterpower

4 ‘the history of the partxcular nnll and its mgmﬁcance in : : -
the locahty L o o =

) 44 S R = | -
‘ o ] :
: | . . . S . -
|




. i\‘z\’H’IsroRY OF A PARTICULARMILL

Industnal archaeology 1s concerned wrth”the—physrcal
effectlve use of tlus ev1dence it’is necessary to complement '
<t w1th 1nformat10n from other sources, partlcularly with
. regard to its lustory The physical evidence will often -
contribute to this: datestones on the outside of the™
s *building, dates on beams and internal walls, different

lﬁ"\ styles of parts of the bulldmgs the use of dlfferen,t

“materials and forms of constructron for. the machinery,
- and the remains of former watercourses In searching for
; addrtronal information the followmg anotes tay be helpful.

’f In the first.instance, enquiry should be made at the Jocal .

P room of the public library-i in the district, or at the county

St
L
i
i

e

L+« information

ey

record office, to see ifa detailed’ hrstory has already been”..
comprled and/or pubhshed for the mill under consideration.

Ifthere is no detailed mformatron for themrll, then a bnef
~summary of its .history may appear in the lists of-water-

— mills me‘ntiqred ‘ofi page 98. However brief the historical,
‘in these lists, 6ne should get some pertinent
*.ddtes-as.a start in using other sources of information such
as local newspapers. (See fig 2.3). Tlie dates of changes of
ownershrp can indicate which issues of the newspaper to
inspect for advertisemenis regardmg the sale of the mill.
These sometimes contain a surprising amount of detail of
the machinery, and-fromi this the method of working-and
‘the extent of apphcatron of the tec'hnologrcal developments
“of that tlme :

Advert1sements frém the mills for their various products

)\ are also instructive in showmg how'they were working.

: Drsputes were often reported in fhe locgl press, and from
“these one gets an idea of the social.effects of the mill

g on, the commumty and sometimes of the working hours
condltlons and output at the mill mvolved

+

Fallmg even.a brlef descnptlon of the mill and its occupants.
1n a pubhshed survey-or list, the usual startmg point is to
see whether the.parish had a mill at the time of the
Domesday Survey in 1086 — see page 43. After thrs one
~can start to compile a chrtmologlcal list-of the later
. millers by reference to local directories. It should be noted
. ‘that the miller was often a farmer as well, and was some-
times to be found under the trade class1ﬁcatron of farmer

.

o . .
'rm\.y VA DAy YO TYRE Y AYAML 9y dvA Nl ehdo i unuru, 11

{un‘uu.\- 3
_and at.the Auﬂroneer s, in O\(ford b

5el Inn,, in N’orthampton, on Frrday the ‘gth D'xy of :
an{, between the Hours of Four ard Séven in the o
rnoon, fubject. to fuch Cond' 'ons a8 fhall be then and

ere produced, . ', 4

=5, inithe TO\\ln of
of CLACK-MILL, ;

B ¢ and bcmg in the Paru’h of. Qt ‘G I
FORTHAMPTON; called by the Nar

| now carrying. Foar Pair of Ston S
TENEMENTS, & Two C
iG R O UND:thereto ad}omm
| Acres, or thereabout:. iy

'SOLD by AU*"

Re wnwann NEath

. th 2 3 An advernsemem for the saIe of a corn szI Izsttng the
‘number of pairs of mill- Stongs
From Northampton Mercury, 12 April 1/7 88

L i

" ‘material:

-~ 2 The Populatio

in the directory. Latef directories give a classrﬁed list of
millers for a-wliole County and mdlcate whether the mills
were powered by wind, water, or steam. This is a help in
giving an idea of when transition from one type of prime
mover to another occurred. Unfortunateh):’ directories
weré sometimes ot up-to-date in their entries so-the. fact
- that a particular miller was given for a certain mill is not

- absolute evidence that he was there at the date of publi-

\eatron of | the drrectory

\

5
More reliable is the mformatron given in rhanuscrrpt

1 Parish Tegisters of baptisms, marriages\and burials )
sometimes indicate the trades of those involved or of---

'1tnesses but the registers are tedious to examine

are not always readily accessible for inspection.

Census Returns for the years 1841,
1851, and 1861 glve the occupations of those involved,
“and can be of grea\assrstance when mvestrgatmg who
was at the mill (or mr\ls) ina specrflc parish. The Census
Returns are held at the.Public Record Office, London,
but microfilm copies are\often available for exammatron
at County Record Offices." N

3 Evep earlier' than the Census Returns are the Militia
r~ELr drawn up in 1798 which, besides recording the
“hatfies.and occupations of all able—bodred men between
the ages of fifteen and sixty years, also give the number
. of corn mills'at work and their potentlal output
Unfortunately, this most useful document\rs not
available for all parishes since many Militia Lists were -
lost or destroyed before the true value of these reeords
" was apprecrated

4 Insurance proposals l\ept m ledgers by thvlocal agent,

s have heen deposited in some record offices and will
contain- proposals for watermills and/or their contents,
together with mforrhatron as to the owner dnd occupier,
The féd eTs glso. record endorsements to cover additions
ta the machinery in the mill and also for the installation:

1 of steam engines. Since the examination of these ledgers
is very time consuming and may not reveal any informa-
tion for a particular mill, it is advisable to ask the record .
office if anyone has already been through the ledgers
-to’compile an index.”

.

%

“5"Millwrights’ records are'only occasionally found in record
- offices and, again, nced time to research:through to

ﬁnd references to a particular, mill (often by reference

to the miller and mot 'the mill so it is useful firstito havg
drawn up'a list of millers for the mill being investigated).
On the other-hand the references will provide the best
source of 1nformatron on installation of new types-of-
machmery and the extent fo which the mlll was using
the latest techmques of the time.

Most lrbrary local rooms and record offices keep a card
index catalogue arranged in alphabetrcal order of villages
-and- towns, of the individual documents relating to those
places. By looking through the cards for the place ‘where
‘the mill is situated, you may come across 1nformat1on
relatmg toitin the form of; .

l Legal documents — mdentures agreements and deeds
which, will give details of change of ownership of the -
mill, its occupier (ie the nuller) and sometrmes\t 2

' machinery dand arrangement of the watercoursés'

__Agreements-as’a result of disputes usually grve an .




: .
mdrcatron of the effect on the locahty of the way the: .
-mill was worked . o

2 Sales notrces and catalogues. For mrlls these w111
usually pro%ide detailed mforma‘;lon on the equipment
‘installed ‘and an idea (usually on tihe optimistic side!)
of the output of the mill and its trading business.

3 Account and/or day books of the mill. These are
.comparatively rare and only in a fe\\zv cases deposited in
record offices.”For-a particular mill, it is.worthwhile
enquiring of the people living close by as to where

“ranning of the mill might be, as these doecuments really
. . " do bring to life the story of the mill when at work.

Besides inspecting the record office’s catzﬂ,ogue under place
names, it is essential to look for examples of these decu-
‘ments, under the catalogue.for estates or feimily collections
if the mill is known to have been part of such, an-estate.

‘HanTaﬁV places; 1hmﬁrpmnbmﬁw?0pm—wlra’%‘
remember the local mjill when it was et®work. Sometimes
the miller himself survives, but his sisters or brothers, sons
or daughters can often fill in gaps in the later history of the
mill or explain apparent contradictions arising from a study
of the documentary ev1dence

The development of the watercourses and of Alterations to
the arrangement of burldrngs on the site may be traced if
sufficient old maps can be found. Apart from the obvious
‘use of the earlier (and later) ‘editions of the Orcwmzu.ce Survey
maps-of yvarious $cales, reference Qlthe maps a ) ,
enclosure maps (if they exist) ca¥e worthwhile, whilst

for earlier periods estate maps, such as the example

shown in fig 2.4, are the most likély source for showrng
watermills.

Lastly, to provide vi[Sual impact for the-history of the
-, -mill, illustrations are required. Watermills have been
fortunate in the amount of attentign paid them by arfists.
Pictures in oils and water colour and pencil sketches were
made in abundance during the earlier years of this
century, and a surprrsrng number survive, although they

are widely dispersed. Despite the inaccuracies introduced
by the artlst’s impression of the-scemes(amd also the
dlfﬁcultres cauged by artists often attnbutmg the wrong
locatlon to their pictures by caption or inscription on the
back) it is worthwhile séarching for these pictures. For

many mills, pictures will be in the possession of the villagers,

who may also be able to give verbal information. See fig.2.5.

Although watermills were not usually the major subject of
engravings, they often appear in landscape scenes and,

Fig 2.4 Part of a map of the
Finch-Hatton estates in 1584
showing three warermills along a
stretch, less than a mile long,

of the Spratton Brook, a tribu-
tary of the River Nene, North .
Water

Courtesy of Northamptonshire
Record Office

Fig 2.5 Reproduction of a
painting of Bosenham Mill,

near the Buckinghamshire-
Northamptonshire border. This
wuas one of a series of views
around Grafton Regis made in
the 1870s and now deposited in
‘the Northamptonshire Record
Office. The mill was demolished
in the 1860s '

Reproduced by permission of
Northamptonshire Record Office




WATER AND STEAM FLDUR AND OATMEAL MILLS

POTTERSPURY

i NEAR STONY STRA'I‘PORD.

Boqx tn mfm'm the Nabhility, Gentry,

pri-\pnfml to supply -

" PURE DATMEAL

in large. or small guantities, eut
finely -or coarsely, as it may he
.- required,. for PORRIDGE, CAKE
i HUNTERS, SPORTING .DOGS,
y &e., &o

PN

Orders addressed YARDLEY
(OBION,/fjear STONY STRAT-
FORD, 0 the MILLS will bé

pr\umptly executed.

.Fzg 2.6 An adverttsement in KeIIy S Dzrecto;y for Nurthamptonshzre

1864, with an engraying of Potterspwy Mill when warj»ed by water
and wind power ' l

‘ ~whilst allowmg for ml§representat10n by the engraver '
“may show whether the mill has been rebuilt since the time
of the engraving.

- “Later, engravings were used in the advertisements for
products of the mills, and such advertlsements can.some-'
times be found in country directories, nlm'macs, or year-
books (see fig 2.6). Most record offices and hb,raries are
building up their collections of ald pholographs and it is
still possible to find- photog_raphs of watermills.in the hands
of private individuals, particularly relativées of those who .
worked at the mill, The same can be said of picture post-
cards, although many are to be found for sale in antique
“and second-hand book’shops. ' ,

t

s

W. W. SANDERS

and Pullic: generally, that he is now

at the lowest: passible prices, cither

-1 Awareness of the many factor&( eg socidl economic

g

2.3 'PLANNING WORK'TO ACHIEVE OBJECTIVES
Havﬁig located a suitable watermill site, 'we have to

L consider how its edu’cational potential can best be

of these were given in Handbook .10 Fndistria Archaeolog}
for Schools (page 24) and the followmg are suggestions as,

to how they may be achleved . /" .

‘exploited in relation to our planned objectiveT(Examples

as well as sczennf ¢) involved in teclmology
»

(a) by mvestlgatlng the §1t1ng of the mill with respect
" to otherlocaglfeatures.

(b), by. consid ring the arrangemeénts for obtaining a
‘water supply and the way 1n which this was used to
give the most power.

A

(c) By discussing reasons for rebu1ld1ng the mill uging —/\

thedatest technological developments of the period.

{d) By 1nvest1ga’tmgﬂthe materials used in the construc-
tion of the mill and whether or not these materials -
came from the locality (see fig 2.7). .

(e) By comparing the style of building of the mill with
other buildings in the area to see if this style evolved
by lacal tradition or was adopted by its owner.

Fig27 Holdenby on a tributary of the North Water of the River e
Nene, and adjoining mill house. This is one of ironstone whereas most
of the mills on the Nene West Water were of brick

.

Apprectatzan of the social implications of teclznologzcal
developments

(a) By investigating any modifications or e)gten‘sions, .
particularly with regard to the mill house, to-see
if this related to the 1mproved status of the miller
In the community. = -,

(b) By considering the change from flour-milhng to
gristing as flour productlon became concentrated
in fewer but larger mills, and the p0531ble dechne
in status of the’miller.

.

(c) By discussing improvements in the efficiency of the

use of available waterpower with the result that = R

more milling could be done in the district;

(d) By recognizmg the effect of the  application of
other sources-of power to milhng and of improve-
" ments in transport which could result in the
community.being better served by flour mills
situated further away.

e

4
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(e) By relating the increase in the number.of mills in .
the district, or the rebuilding of one mill to give
greater output, to pdpulation changes in the area.

aE fikely to be involved in a particular applzcatzon of

|
|3 Recognition of the number of non- technical factors \
|
= science . k‘

(a) By considering the effects on the surroundings of
attempts to obtain the maximum power from the ‘l
“-available water supply, eg'the effect of new \
watercourses; the possibility of flooding, and -
the effect-on other mills upstream and downstream\
(b) By drscussmg why and when auxiliary sources-of . l\
power were installed, eg 1mprovements in transport \‘
which enabled coal to be delivered cheaply to the |
“mill to rarse steam for driving a steam engine. \
(c) By 1dent1fy1ng the period:when flour dressing . | \ :
) machines were installed and relating this to a general\

change in attitude of the ‘consumers’ towards white, \
flour.. .

(d) By using the physwal signs of the watercourses to \
“identify changes in the flow of water, and by o
considering poss@%erdasons such as the increased

demand for domestic ‘purposes.

4 Awareness of the methods or techmques used in
subjects other thah the pupils’ owi specializations
For non- scrence pupils:

(a) By making measurements of various physical \‘
' quantltles eg water flows. \‘

(b) By srmple calculations for cfflclency and considering
'ways of making the most effectrve use of the avail-

Fig 2.8 Pupils ffom Trinity Grammar School, Northampton, inter-
able energy. ; viewing Mrs W Mahon who organized the Museum of Milling, in
. . . . Billing Mill, near Northampton, In the left foreground, the circular
(c) By simple surveying of site and medasuring buﬂdlngs: " stone cover on which stands the four-legged horse supporting the
(d) By referring to the basic science in using photo-

hopper and the back of the shoe. The frqnt of the shoe is
supported by the crook string passing over part of the horse, and a
bobbin on the side of the cover through a hole in the floor below.
(e) By helping to restore parts of the mill or its Just fo the left of the bobbin is a springy piece of metal to which is
maclﬁnery. : attached another cord 5o that it tends to pull the shoe over to the .
: " [ - right against the action of the damsel — the black irregularly-shaped
For science/téchnology pdpilé' i o pzece coming up from the eye of the runner stone and-rotating with-it-

. graphy, especially of interiors and machinery.

(a) By making a documentary search for lnstorrcal - [
information. . 1

| . =
“(b) By-using maps zmd studying topography regardmg k )
siting of*the mill.

(c) By analysing weather records to deduce hkely water .
: supphes available to a mill.

() By mtervrewmg people associated with the mill.

5 Commumcatzon ofspeczalzst lnformatzon in.a way that
. can be understood by non-specialists

(a) By presenting reports on the mformatlo\n recorded
on srte ;

(b) By arranging drsplays including workmg models.

(c) By presentmg shows.(e.g. colour slides, cine-film or' .
tape-slide presentations) of the watermlll its work

and history. . . \ .
) 3 : » & N . 1.
6 Willingness to look beyond one’s particular speciali- \Fig .9 The artificial leat, made to serve Maidford Mill, on a.tri-
‘zation before deciding on a course of action butdry of the River Tove in Northamptonshire, The pentrough onto
o o ' the overshot waterwheel is off the left of the picture. The natural
(a) By contrasting the types of plants and living creatures urse of the Maidford Brook is shown by the line of low hedges just
by the head-race, tail-race, and natural watercourses.

front of the field with sheep in the left background
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: /(b) By consrdenng what else is affected when water is
used to provide power..

(c) By discussing the. requlrements for power in m1llmg,'
eg was it essential that waterpower was used or ’
~ could wind power affectlvely have met the demand?
(/cﬁ By conmdermg other ways in whlch waterpower can .
< . beused. :

T ;;igﬁ)p\nl?nt ofa cntzcal awareness of the technologrcql
' contribution-(both pas\t and present) to the pupils” .

surroundmgs S a

(a) By considering the effect of the watermrll and its
watercourses on the envrronment :

‘ (b) By drscussmg the effect of the mill s1te on subsequent
: commumca’nons in the district.”

(c) By considering the p0551ble local sources of power if
it was not possrble to provide this from a central
“source (eg electnc1ty generatmg station) and the ;
effect these local _POWeT sources would have on the

env1ronment : :

technologzcal aspects of past zndustrtal abtivities

(@) By considering the effect” of ownershlp of surround-
ing land, geology, ‘rainfall and water run-off on the
s1t1ng of the mill.

(b) By observing the ‘labour-saving” dev1ces in the mill
(eg sack hoists; automatlc( tentering gear), and .
: by balancing the possible cost of these against
.~ ‘financial savings in other directiofis.

9 ‘Awareness of the possibl@ changes in the environment
due to teclmological developments

(a) By con51dermg the effect of watercourses on the
envrronment and of therr later effects when the
“mill was no longer used

(b) By identifying changes in- the watercourses or the
addition of auxiliary power sources due to inter-
“ference with the water supply eause_d by new
technological activities (eg building an-embankment
for a railway across the sit¢ of the mill-pond; River-
Authorities’ desire to remove obstructions caused
by waterwheels in.order to exécute flood rehef
or drainage schemes).

(c) . Bygelating the decline in a>ctivity of some watermills
tothe decrease in the normal water supply due to
alferations in the water run-off of land caused by
~-changes in 1ts agncultural use.

. Some of these suggestions involve: .
I~-work on site

‘2‘ ‘work in'school subsequent to a site visit.

If the required objectives (or some of them) are to bé
achieved through work in school,then the planning must
provide for a progression to this from the visit to the site.
.. The next three sections-(2.4 to 2.6) are concerned with
the work .on site and Sections 3.7t02.10 relate to
,thesubsequent work-in-school.:

re

" g Relati nshipof the-historic; geographic;-social-and-="

* - Another method of recording the site is by aerial pho(to-

2.4 INSTRUCTIONS FOR USE ON SITE

“into three main catfegories

Recordmg observations

« simple trigonometry must be used to ensure that the

i
o

‘The previous section shows that work on site will fall l ‘

~ , T
1 recording observations;

2 inve'stigations, eg flow of water, power outpu RN
l ; l ’

-3 constructional activities
How far one goes with eachof thesé activities will depéh’d
on the age and abijlity ranges of the puprls involved. )
These factors wrll also-affect the amount of detarl glven
in the mstructrons for the work on site.

@
Lo |

s

Recordrng can convemently be d1v1ded into three parts

1 the overall srte and envuonment (including watercourses)
2 the buﬂdmgs 5
3 the machmery o R

\{» L S < . °.
1 Recordmg the sth - :
Since-it-is- unhkely that-schools. will undertake detailed ..
surveys of a srte from scratch it-is useful to start with an
enlarged portlon of a a large-scale Ordnance Survey map.

Elementary surveying tecluuques can then be used:

1 to confirm the location and present situation or state

\,of the 51te

2 to record features not marked on maps, eg underground
watercourses, their ehtrances, and exits (see fig 1.26f,
page 16). ‘ ‘ /

graphy and there are a number of ways in which the camera
may be taken to a suitable height. Although photographs
taken from vertically above the site will provide easy .
comparison with maps and an aid to drawing site.plans,
ablique photographs often help with the interpretation of -
,features: Thus it may be possible to take a photograph
from a trek, or permission might be obtained to take a
photograp'h from the tower of a nearby church.

Other ways ‘of getting the camera high above the site
involve the use of balloons, kltes and small, vertical take- .
off arrcraft These all involve hardware to be made or .
assembled, and the design and manufacture of this may
enable some of the prevmusly stated objectives to be
aclueved Additionally, mathemagics in the form of

camera is above the ‘target’ by the time it has reached the
desired-height, taking intd account the effect of the wind
on the ascent of the device used to take the camera up.

I ~

i S ]

The instrUCtions as to what is be done on site should
includg:

1 an 1dea of the area or bounds of the site to be covered

2 specral features to be con51dered eg underground :
water courses, dlsused trackways gateways

*the lrmlts beyond which pupils are not to go, eg onto
land for wluch permission for access has TLQt been s
obtamed '

‘chrnb electric overhead Cables when ‘ﬂylng a
cagrera above the 51te

R
Jl {




-~ 2 Recordlng mlll bulldmgs ; b
In general, the procedures outlined on page 14 of
Industrial Archaeology for Schools are applncwblc but
the following pomts are«worthy of note: e e

-1 It is useful to dlstmgu sh betwcen the mill house and
the mill proper, and t? record commumcatmg doors
and/or passages between the two The dlStlnCth]') is
clear in fig 2.10.: ! ’ '

2 Although sack hoists rilay‘ be recorded along withi the
other machinery of the mill, external hoists were'
ustlally accomodated in a lhcam, which is an-extension

-+ to the mill structure (see page 39).

3 Many mllls carry an initialled datestone. Apart from
the usefulness of the date, the initials normally refer
to the miller or owner at the time. Inside the mill,
initials and dates on beams are often those ofa m111-
wright father than the miller:

4 Often when rhills were rebmlt parts of the old mlll
Towere cmbodlcd in the new so attention should be

paid to cases where different building materials are
used, eg stone near ground level and brick above.
Structural timbers were also re-used on occasions as
evidenced by empty mortises. However, such-a beam
might have ¢ome from any building and not
necessarjly from the previous milfl on the site, so
-care must be exercised in mterpretlng any dates or
inscriptions on such timbers.

The basic information about thé mill building is listed
on the Survey Questionnaire (pages-82~4)-and could :
form the basis of instructioqs to the pupils for record-
ing the bu1ld1ngs. i |
‘ !
3 Recording the maclzineryi §
The Survey Questionnaire provides a cheek~list of
__possible items to record, and all of these featuresthave
+ " been deserfbed in Sections 1.3-1.5: To hglp-locate these
descnptlons,,an index to milling and waterpower terms ¢
is g1ven on pages 41-2.

4

50

. 1ub chalk (of the blackboard variety) over the raised

Fig 2.10 Upron Mill, on the River
Nene west of Northampton, with
the mill and millhouse under a
continuous slate roof, The day-

out of windows and doors ¢
distinguishes the working part -
on the left from the domestic
accommodation on the right

To complement the information, on the questionnaire, a
diagram of the layout of the machinery is useful. This
may be of the form used in figs 1.43a and 1.43b, page 24,
or instructions can'be given to measure the position.of
the €quipment inside the mill and so prepare measured
drawings after the visit. .

The maker(s) of the machinery may be shown by inscrip-
tibns sometimes on cast plates fixed to the outside of
machines sugh as elevators, or the millwright’s name may
be cast on ane of the spokes of the waterwheel. If -
these inscriptions are to be photographed it is useful to

4

portions so that they stand out from the background. -

Some elaborate inscriptions in cast metal lend, themselves
to reproduction on paper by techniques smnlar to those
for church brass-rubbmgs Thin alyminium f01l can also
be used to obtain an embossed reproduction of an
'1nscr1pt10n by rubbing (fig 2.11).

T

Fig2.11 A example of a cast-iron plate in a mill which provides in-
formation on who repdired and renewed the equipment in the mill- In

* this case the flour dustiwas wiped off the raised portions so as to

make them stand out from the rest o f the plate - i

v v sy,




2 speeds of rotatlon of waterwheel and maclunery )
-3 torque at wheelshaft AR
4 gorces mcludmg welghts.

1 Flow measuremehts : : : o

Generally, these measurements are made in an:attempt to
‘-estimate the likely power to be obtained from\the

waterwheel. Therefore condltrons should be arranged

80 as to be the same as when the wheel is or was at

work. For example “by-pass sluices should be intthe

correct position. If:the mill has been” out of use for;

been altered so that the flow in the mill—leat_ is unrep\rfsenta-
‘tive of the flow when the mill was at work. Note that'the
.opening r closing of sluices is ‘often ftinder the control' of
the local Rive thonty

g

In a partrcular situatron‘the suitability of ‘the possibleé

methods for measuring flow depends.upon the size of

the flow and whether of “not it is possible 'to mterfere
. temporarily with 1t Ce '

(a) To measure the flow of a small stre'lm, it may be
3 dammed with a little clay oripieces of turf piled
" T-Up 4CTOSS the stream, possibly backed up by ldrgcr :
stories,. as shown in fig 2.12. Into this dam is inserted
a short piete-of ' pipe SO as to deliver the whole llow
mto a convement contzuner such as a bucket k

|
_th 2. 1 2 Measurmg ﬂow by dammmg and msernng a ptpe

o v

=some time, it is likely that the watercourses will ha\\/e - i

, f y ; ,. e o . : .:\\\\1
Investtgatmns L \: \ (b) Iarger flows may be measured using a ‘ndtch-board’. "7 - -
- Whilst reeordmg will mvolve meashre‘ments of lengths ‘The bed of the stream is built up'a few inches, J'—d'\ o
‘the investigations will reQuue measurements of other onto this|is bedded a‘boatrd into which is cut a notcl X
. physical quantities such asiio o \ i l The notch is chamfered off to.a sharp (in : : 3
i ? : i t ;
1 rate of ﬂow of water supply L & ,, practice, a very hrn) edge or formed of ‘thin-sheet |

“metal supforted by the’edges of 4 sl1ghtly larger\
opening i : the board itself. ‘A'peg.isdriven into the .
bed of the stream, about ‘three feet upstream of the
gauge board and with its top exactly level with the
' prttom Tre notch. (This can be tésted by observation
ust as the water rises to the bottom of the notch -
:lfter the gtream has been dammed.)

The notch can be rectangular in shape (see fig 2.13a) in ‘

_*  whiciT)ease its width should be about two-thirds-that i

of the stream or it can be in the form of a right-angled %
V as shown in fig 2 2 ,13b. When the water is flowing

steadily through the notch, the depth of water

flowing over it is. determined by measuring from the

top of the peg, set 1 m bdt.k to the surface of the

water, as shown in fig 2.13.

The flow, can then be determined by reference to table 2.
. I v .

- Two puplls are” requlred t? ke the measurements
‘ «one keepinga record of the time and the other,
! holding the contdiner to- catch the water. At a s1gnal
. from the time-keeper, the second pupil positions the
container under the dehvery pipe for an exact ‘-
,mterval of time (say 10, 15 or 30 seconds) and
mstantly takes it away at la signal from the time-
keeper The quantrty of water ¢ ght-in the container

is then deterrmned using. 'any 1table measunnavessel

“For greater flows two OJj mofe pipes may be inserted
#1 the dam, and when all/are run,mng steadlly (but. .
not necessanly dehvenng the, same, flow as each other), '

 the flow from each is measured sepatately and the
sum of these; should glve the total flow.

', This metﬁ'bd can be used for flows of 0.6-1. O m3. per
kmmute S i N l{ .

»

-flow using a Vnorch : . .

i
Fig 2.13 (a) Measurmg flow usmg afectallgular notch; (b) measuring

(c) For la/“r?r ‘streams and situations where it is not possible

to dapd the stream, even temporarily, it is more
‘difficult to determine the rate of-flow. It must be .
apprec1ated that the velocrty of flok varies- at’d1fferent

: : resistance from the sides causes water to low
L down towards the srdes of the channel %md al

|
free surface, even for a rectangular channel

kS

|
g
-
l
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i Tahle 2 Dlscharge of water over notches
i D,ep'th (nim ‘Rect‘angular notch: . Right- angled }
above .. " ‘approximate flow V-notch: approx flow
1. bottom (Ittrés/mmute} (litres/minute)
of notch) - for egch 300 mm '
o ofwulth ofnotcf .
12 oos0 L -
20 90 - :
25 : 145 ‘ -
IR ) [ 205 - -
; 38 Lo 264 e '
LLinigs 336 . -
‘ 50 L4100 48
57 o 490 65
63 572 85
‘ 70 664 7/ o7
! 96 .o 54 134
‘ 83 ‘j' 7850 .
i 90 950 198
; 95 ol 71054 5 .
| 102 1164, < N276 . ¢
Poos 1364 ]<~_\37o :
127 : 1672 482 -

140 - 1877 - . 7609
L2 2136 759 .
165 2414 927

178 oo 2695 1118
| 190 - 1327
i 204 oL 1559
o216 S 1818
{230 = : 2095
o242 o o 2395 -
254 ¢ - 2731
Peagg S 3463

Flg 2 14.shows the variation of velocity over the cross- -

i ‘sectlon of a rectangular channel. The curves are lines-of

‘ equal veloeity. They have the greatest value at the centre,
Just below the watér surface, and the values decrease towards
the sides and bottom.of the channel. The mean velouty
‘on any.vertical section occurs at’ approximately 0.6 of the
_depth, although this varies with the’type of chdnnel and

- the nature of ‘the sides. The flow across the whole channel

ay-be-obtained by c01151der1ng the section to be divided

into vertical rcctangles and fm(lmg the mean velocity for

oeach of thcsz. The flow through each rectangle will be

its area multlphed by the mean velocny The.sum of the .

flows. through-each rectan;,le will be the tatal flow across -

tl’le channel

The ﬂow throug ) channels of 1rregular Cross- scctlon

(ﬁg 2.13b) ay. be determined by a similar method. On a
stralght uniform portion of the stréam or river; the cross-
.se}ction is considered as divided into vertical strips and the
-mean velocity of each strip is measured. The flow across
: edch strip can thus be determined and the sum of these -+
ﬂ(‘)ws will give the total flow.in t 1e channel.

The mean flow can be measured usmg rod floats. These
Cc%nsmt of wooden rods, weighted at the bottom so that
! tll{ey float in a vertical position. The rod will travel with
- Velocity equal to the mean velocity of the section
trﬁvcrsed by the immersed length of the rod.

Thc Tod shou]d be-dlriost as long as the depth of the water
at‘the strip bemg mvestlgated so that.several dlfferent

N P
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. Unfortunate]y, weeds on the bed of the river or stream

‘Flow m a recﬁngular channel; (b) flow in a c/lannel of
zrregula cross-®etion

-
S
i

lengths of rod will usually be reqmred to cater for the i
different depths of water across the section of channel.

will interfere with the use of float rods. - ! ~

When using devices whu.h measure the velocity .Jt a point,
the mean velocity can be assumed to occur at 0. J6 of the

depth. The mean velocity may be determined more .
accusately by measuring the velocity at several de(hs o
and calculating the mean from these mc%suremcnts

Suitable dcv1ces for this are: '

(a) pitot tube. ThlS consists of two vutu.al lubcs LdLh
havmg the lower end bent af right angles but faum,
in opposite directions (f ig 2.15). These ends ure 1

tdperud to a finc nozzle. i

In use, the nozzles are positioned-at the pomt at’| -
which the velocity is to be measured, with one of the '

horizontal tubes facmg upstream and the other * }

downstream, There will be a difference in the level

of water in the two tubes and the velocity of flow

can be calculated using the equatlon

vclomty of ﬂow ‘ T
= constant \\/(c ifference i in level of watur in tubcs)

!

Hl| | difference : ’
= in head

Fig 2.15 Simple pitot tube for nzeasuriﬁg mean-velocity
~ .




~ ascertained jin the. laboratory using a known rate of
flow, beforg the instrument is taken out on srte

(b) propeller—ty e meter The rate.of revolution o‘f a
propeller immersed in a stream is related to the
- velocity of flow at the point and several methods
4, -have been devised to transmit the information from’
’/ below the surface of the water to where it can,ybe
: observed co veniently. In one method, fig.2. ld the
I propeller is tonnected to the shaft of a-small electric ,
~ generator (Most of the miniature elee?rc motors sold
for model-making will work in-reversé as generators.)
‘The whole unit is made, jaterprodf and the output
from the gerierator i is. taken by wires along a tube
to a yoltmeter on the bank. The reading of this will
. depend on the speed of rotation of the propeller,
“which i in- tilrn is dependent on the velocity of flow
atthepomt P L

L]
ln‘.\(“‘>““’""‘*‘ LR mn T ——

to voltmeter
on bank

i gJFYg 216 /Propelle‘r-type ﬂew meter ,
- / Al
2 Speed measurement
. The speeds tobe measured will be those of the maclunery,
usually of rota‘hng parts,

: Where the speeds are low such as that of the waterwheel
1tse1f the s1mplest method is to choose, or make, a
dlstmgmshmg fnark on the wheel itself, and count the
/number of times it passes a ﬁxed reference point in a
< glventlme RS -

/1 Where the spe!eds make it dlfﬁcult to account for each
revolution byfeye a mechanical revolutlon cot
- the bicycle mrleage counter type) can be,used. It is best
- mounted on a long rigid support which can be held against
-an adjacent part of the mill structure whilst it is being "
 used. Some kind of “trip’ will have to be fixed to the |,
» rotating part so as to operate the revolutign counter. For;
& the speeds likely to bg'encountered in waterrhills, the '

tnp can be made by ?ampmg an angle(piece to'the " |

. rotating"shaft with a Jubilee clip (whilst it is at est!)

3 Determmatzon of torque :
Drrect .measurement of the torque.at the shaft of an -
actual waterwheel is very difficult, ‘and it is usually
easrer to estimate the torque (or turnmg effect of the

“wheel) from consideration of: = “*

g (b) the unpulse of the water on the paddles or buckets.

ter (of ‘ s

[
. :

(a) the water carried in the buckets (in the case of high
breastshot wheels and overshot wheels) and/or

The calculations for. determining torque, and hence power
are given under Section 2. 7, but it is necessary to grve
instructions for the fo]lowrng information to be o/btamed
during the visit to the mill: .7

(a) the number of buckets or paddles o :
(b) the speed of rotation of the waterwheel " Lo

(¢) the area of the orifice’through thch the water comes )
. onto the wheel;:

(d) the velocity of the water approachmg the wheel from :
e orifice;

e) “the size and shape of the interior of each bucket,
including its breadth ie pardllel to the axis of the
wheel;/

(f) the angle at which the bucket is pos1t1oned relatlve to
the radius of the wheel

.(g) the size and proﬁle of the paddlesor vanes; ‘
(h) the position of the proﬁle relative to the radius of the v °

wheel R
1) the angle at which the wa’ter strikes the bucket, paddle )
or vane;

Note that some of the abbve 1tems apply only to certain
kinds of waterwheel. . i
. ) ¥ - i
4 Force measurements |, ) . f ‘ - Do
The forces worth measunng are those concernetl in ‘ i
operating the mill, For example, how much force did the |
miller have to exert to engage the sack hoist orfto raise and
lower the sluice? What forces are mvolved in te; termg the

stones?

For most purposes, the large, circular, dial-type spring
balances are corvenient, and their range can be extended
by utilizing simple lever systems. : -
Constructional activities L

Some of the suggested investigations will-entail’ construc—
tional activities on the site, for example, in gauging water -
flow by the use of notches. On the other hand, the group
may be helping to restore parts of the mill machinery or

be involved in ¢recting a new device to use the water. . -
N T

With some groups, the teacher can make:clear what it-is : /
"hoped to achieve and then after discussion with the pupils,
draw up'a’list of what has to be done. With other groups, |
the teacher will have to contribute much more as to how
the work is to be done and will need to allocate tasks to
individual members of the group.

li_
v

s



25 INTRODUCTORY INFORMATION

'I’he aimn of the introductory mformdtlon is to make clcar
tothe smdents ' ‘ .

"1 what they hope to do during the visit to the mill

2 how they are going to do it. :
v 7

However, when introducing studeutsfo the work, there
are two other aspects fo be eonbldered

o

1 :motivating-or mterestlm> the pupxl

7 ‘énsuring that they have sufficient le@ills to

do the work expected.

We must ask ourselves What are the available levels-of

We must ensure they have a mental framework in which to
put the informationand experience gained dyuring the visit,
For example: )

5

_the-purpose of mlllmu (W hat does a 5ra1n of wheat
consist of?) >

tlle'éel)arate stages of the milling process

the visual appearance and purpose of the main items
they are likely to see in the mill, eg

waterwheel and water supply

- gearing transmitting power from waterwheel to
= milling machinery . )
grinding stones
\ k gruiﬁ cleaning machines
,\ﬂouy dressing-machines

de,vnees to move stoek (5rdm del or ﬂour) w1thm
. the mill, )

The w;jy in which this information is presented willqdepe'nd
on the resources available. Since we are concerned with

- -physical objects then some visual material is desirable, for
k;e)\ample large dlagrdms/wall-eharts colour slides of
~mills'and their mtenor;-z cine-filins, filmi loops, and.models.
1t is worth contacting the local museum’s schools service
see. if they are able to help in providing this type of
‘material, particularly witli regard to loaning models of

F ig 2,17 Mr PA Stevens of Lezcesler Mmeums Schools Service, .
'fdemonstralmg a Pelton wheel driving a model well pump, which is
‘avazlable Jor /oan"’to schools iit the city and count of Lezces[er

knowledge and’skills relative to the work to be undertaken?’

- A .
waterwheels and gearing. 'Some of the items made bya
prev10us group of pupils (for example, thoge given on

" page-68) may also be used to advantage in motlvatmg
and instructing a subsequent ﬂroup

ke

Anecdotes of happemnns at the mill, provided they are..
not too outrageous, are useful in gaining the interest of
some youngsters. Tape- record1ntv't=11es from older
people who knew,the mill.mighf be used — this gives

e teacher th the opportunity to edit what has been.

said so-as not to confuse the class with too much

irrelevant detail/ However,-if the teacher is lucly, heor |\
she may find-a local character whose appearance dfid ‘
“gestures willvglve life to the story.

B

_With regard to skills, the most 1mportant in the initial
_stages are those of-accurate observatlgn and recording,.
but-the degree of skill required will depend on the -
_objectives-to be-achieved. The-use- -of a questionnaire is
helpful'in nLuclmb pupils’observations during the visit,
but they will need some explanation of the terms used
i the example of such a questionnaire given on page 82. ‘

Other skills required are the ability to use maps, to measure
buildings, and to record observations. If the visit to the mill
is the first time this type of acthty is undertaken ‘then it'is
worthwhile covering the basic pI'OLLdUI'eS for measuring
Dbuildings and the ldyoul of machinery by means of a
practice.syrvey of one of the rooms in the school, The
pupils may alsa need to gain experience of other measuritig
techniques for example, of water flow, and perhaps
practice-these at school or at. the local ‘technical eolle;_,e
before making the actual visit. In some cases, measuring
cquipment devised at school-will need to be calibrated
before 1t is usx,d on site. KON

Bedlll'lL in mmd some of the mmupated aetwmes arising - %

trom, the visit, it is worth indicating what else the pupils

might do in addition to the visit. Do their relatives or

friends have old pictures, postcards, or memories of the

mill? Do they khow of any people who were asgociated ‘ 4
“.with'the mill = not only thé miller, but his wife or sisters
or sons and+daughters? Do they know who dressed the
mill-stones? Do-they know the millwright?




WORK'OITS]TE :
The preeedlng sections have’ already mdleated the aCtl\(lllCS
hkely to.be undertaken on the visit to ‘the mill, but to be
'able to engage in these a certain amount of eqmpment is
requlred namely;: : n .

1 Suitable clotlung and footwear. Some parts-of the .
mill-will be (lrrty and dusty, and some places; inside
and outside, will be very wet, particularl\y under foot.

"Torches.and hand-lamps. Many parts of the mill will - - -
“be dark..especially around the gearing where it may

be necessary to count ‘the tee}h or cogs on the various
.wheels in order’to calculate speeds.of the mill-stones.

Paper-anclgoards.kWhen recording measurements, the

e 1nformallon written on tliem- is-legible.

Pencils. These are better than ball- pomt péns-when
the ‘paper gels damp

Measunng tapes. The 2 m long steel {lexible tapes are
~.useful for measuring machinery but 20'm or longer tapes
i are,needed if measuring the building is not to become

. too tedious.’

‘Measuring sticks. Usgful in inacceqqible places where
‘tlre far.end of a meakurlng tape cannot be held in
sition. Slmple mezlsurnu, sticks can be made from™

snd plumb-bob. Usefu! for’ merlsunng clevations
11 as king on verticals.

alg,l; pi‘otraelor For use in conjunction with tine ang
lumb-bobto check-angles of walerwheel vanes-and
o ,Eucl\et profiles. - :

away. dirt el m order to examine :md/on photogl.lph “
/some parts o

Pl ce -of chalk. For highlighting cast 1mcr1ptlons for”
‘ raphy orin: ‘orderto decipher them. -

- Camera
,‘3P110to;,raplne l‘lash eqmpment and
_exposures. lnsule the mill,-

r time

s 'measurrng and recordmo mtenor of .mill. Tlns can be

sketches need fo-be.a reasonable size so that the .~ ==

fand brush w1th Stff bristles and llowd For clL.mnub ' ,

. measuring and rccordmg the exterior of mi
' 'nnllhouse s e

further sub-divided into (a) ground floor,«b) first,

floor, (c) second floor ete. Tt is then necessary to.-
|, ensure that.each stairway is the responsibility 'of one i

- group, dnd to point out that the stairs will link the

-1 recordings of the different groups.

6 ‘measuring and recording interior of millhousc.

i obtaining overall arrangement of waterwheel and ;
: .,maclunery, ineluding drives from any auxiliary 'Y
i engires. (The same remarks apply Tiere as. were ma(le
i foritem 1.)

8l recording: waterwhee] and sluice (or shut).
Q. ‘recording transnnssmn cg counting teeth or cg)gs &

recording stones and * stone fusniture’ and tenfering.
. _arrangements ‘

11 reeordmg items used for transportrng stock; eg'sack
hoists, elevators. .

recordmg other
dressers

achines, eg grain cleaners, flour

i

Rarely Wikl it be pé&sible for a school to break down the

- Iwork info all the divisions given abo;ve For making

- meusurements it is convenient to ha‘ve three pupilsin a -
group, one af each end of-the measyring tape and on¢

" recording the measurements called L.
P L

Wh‘atevcr 5u‘b—divisions of the work é\rc adopted, there

must be some measurements and rc«%‘ordings-\ﬂlich will

link the work of the individual groups. For example, -~ ,
-those_meuasurig the interior of the inill should record

the location offthe-mill-stones on llge first floor, and

this will link with the information reeordul by thosc
measuring thelmill-stones and %tonufurmture -

At the-end of the visit some teachq)rzs mdy consider it~ .
advisable to collegf all the separate eeorcli made by the = ... - &
pupils so that all of these are at han when the follow-up

‘work is undertaken in school

e

phologmphs
On amval at the site, a-br ef tour of thL whole area and

burldrnzj should be made so\that

: everyone lms an oV y all 1dea of what is 1nvolvcd

each pup]l l\nows where he or slu. w1ll be golng for
: the m 1n part of Ihe work

3% any poss1ble lmzards may be deC‘lted,f

B SNVE S

obta.lmng overall arrangement of site, -bu1ldlngs bndges

3 and trackWays (Note tHat the results of this group’s

work will provide a framework into:which other;, -

. groups work will fit. Therefore the members of tlus
flI‘St group should be chosen w1th tﬁlﬁ specml resgonsl— -




o
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2. 7 CLASSIFYING AND ORDERING INFORMATION

As’a result of the work on site, it is hoped that the class.’
will have numerous notes and information. Before the
class can discuss it; the information must-be classified

“and.put in order. In the case of investigations, some
cal¢ulations will be necessary to obtain information
which can be discussed.

“Presenting recordings and measurements .

If the résults of the ‘ordering’ are to be the basis for later
discussion ‘by the'class, then all must be able to see this-
information. Some schools are’in the. fortunate position

" of being able to arrange for each member of the class

“to’have his or her own copy. More often ene copy will’
have to suffice for the whole class, and thus.it is necessary’
for each groilp to présent the results of its work in the
form of large drawings or-diagrams.

- The groups concerned with recording the building and
interior should make their elevation.drawings to a common
scale so that.they can be combined on one panel to give
a complete picture of the mill. An overlay of the whole
exterior-elevation can be hinged from one side so that
it cah be folded back to reveal the interior arrangement
‘of the mill. Additional overlays, in different colours on
transparent paper, can be used to show separately:

1 transmission and geating -

flow of materials (ie gluin, medl, flour, and b—r«un)
through the mill

[S%]

3 supposed position of maclunery 1f the mill was
' mcomplete .

~—l

- <@
Calculanons —

.

CdlCUlclthllS Dbefore useful dlscussnom ciirbe- held. Some

~, of the procedures for calculations have alrcady been

given: For speeds of mill-stones and machinery from
countmg the teeth on gear wheels, sge page 29; for deter-"

‘xﬁ'l ing water ﬂows see pages Sl 3. :
AL

l’ -"lhe CdlCUldl]Ol‘l of the power ofa »\lalerwlleel is more

dlfllcult involviiig both torque (or turmng moment)

and? speed of rotation, The calculation:is further compli- -..
at(ld since many:types of waterwheels derive their

loul que from bothi the wught of the waterin their,

buc‘l\otq and the impulse-of-the water SIHKINg the

buckcts paddles or vanes. The following are suggestions -
for very approxunate approaches to estimating the power
from wwt(:l»wheels ¢

P .

“For, undeu@ and Io_}v-breas,fl;l;flzee[s, with flat paddles
Refe;nn" to’ l‘g 2 18, :

let N

N

per second
a = cross*sectlonal area of the stream of ‘water strik-
 ing the paddle ﬂzjsquare metres;.

V. =velocity of streafn of the water strlkmg the
a pdddle in metres per seconcl

= dens1ty of water m kllOgrﬂmmLﬁLUbIC metre

)
|

llncar veloc1ty, m ametres/second ol’ the p‘addle
“at point X' where the centre of tlle eream of
ater strikes it. B I

= speed of rotdtlon of the waterwheel in revolutlons

e, . N wl s ) e y N B.

HFig 2,18

¥ can be calculated from the speedof I'OtZ]_thﬂ of the wheel
since:

v —,cireu1nference of circle at point-X
X speed of rotation of wheel

=2 (l'adius to point X in metres X N)

If the waterwlicelis not in workable condition, it is impos-
sible to observe a value for the speed of rotation I, but r‘
an estimate ol'the probable wheel speed can be-obtained/
from an olcl millwright’s rule that for a low breast wheel
the ]mear Velocny of the paddle shoul;l be one-third to
one- hali tl'lat of the water.

-

force on one paddle

.

rate of change in momentu#h of water p

e

.

R

rate of change (mass X velocity)—— %

mass of water striking p'\d(lle/sccon(l
X change in its velocity |

=paV (V-

) ncwtom

work done on paddle per QLLOI‘ILl

. =pa l/ (¥ ~7v) X rnewton metres/second (or w.ms)

/

Agsuming-that:

1 i the water normally slrll\es onto only one paddlL ata’
ltime, and | ;

2 there gre sufficient pnd{]les to ensure that there'is °
always a paddle positioned so s to be affected by the
“full inipulsive force Qf the water

then the work-done per second-on one: paddle will be the -
work done per second .OI power, of the waterwheel
itself.

/ ;
/ l

Sll'lu. one horse pQWtr is cqulvalent to 745.7 watts,

e
ho r of wheel = V V- 0y X —e
IS¢ powe vheel =04V ( v 7457

|
i

| .
For undershor and low-breast wiireels with curved vanes y
. When curved vanes . were used, the intention was to enablé

- the water to flow onto and off the vane as- smootl]ly as &,

possible to avoxd loss of energyyl due to'shock. B
LetV - = velocxty of the sm/eam of water strll\m;, the
°  paddle (in metre?/second) : .
v = linear velocity (ih metres/second) of the vane,
Vw = component df v,élomty in the dlfecnon of -
*  motion of the vane of the wafEr cpmmg onto 1t
Vwy =. component of'velocxty, in the‘duectlon -of
° ‘motign sfillc/vanc of the wﬁter leaving it,’
N Vr. = resultant Ve c7e1ty of the water on the vane,
yooo= absolute velqc1ty of the water eavmg the vane.




Fig219 + "\,
“‘Component of velocity of water in direction of motjon of -

vane, o S ’ i
Vw V cosa

where s the angle between the direction of the water
stream and the drrectron of the linear velocrty of the_
vane as the water strikes 1t ’

; .
Since the vane is movmg away from the water, the =~ _ o
resultant velocity of the water o the Yane, V., is obtamed

_dtie

| RN N DT i e

X : | : e
For breast wlzeels and overshot wheels = RN

'These haye been-described as wercht arfd impulse wheels

implying that they derive therr power from both thez " =
velocity arid the weight-of the water entering their :
‘buckets. The significance of the ‘impulse> contribution
will vary for.different: types of wheels. For examp]e

any kinetic energy. (ie energy due to its velocity) i 1n the
water coming on to'a p1tch-back waterwheel terids to
cause the wheel to rotate in the opposite direction to

- that caused by the gra\iftational pull on the mass of water

in the buckets. On the other hand, kinetic energy in the
water supply onto an overshot wheel would help the
rotation produced by the werght of the water in the .
buckets. .

water affects the power deve & 1e waterwheel,
calculations.for'its contributaadfcan bz}t};sed on those
glven for undershot wheels witly flat pad es‘ -

»Under ideal-conditions of no fnctlon no leakage "and no
splashing or - spilling, §

32

If it is decided that ti® energy due ttre ve]ocrty of the ‘

‘energ(gwen to the, wheel = Uravrtatlonal pull on mass of
to the welbht of water, ie weight of\water

water ‘ i » X height descended by water
‘ e between’ entermg and leaving

- from the tnang]e ot‘ve]outres S

After runnmg, up.thd vane to pomt O, the water rcturns
“and, assuming no friction losses, runs off:the edge of the
ivane with the same. mdgutude ofvelouly, V;, but in the

opposate “direction, ¥

) Censrder water coming off the vane (posmon 2in fl}, .19).

The resultant velocrty of the water has thc same direction
as the extrenie edge of the vanc, ie angle’s in fig 2.19.-This
resultant velocity i§ due to the abselute velocity of the
water leaving the vane, V, and the veloéity of the vane, ».
From the trangle of velocities drawn by posmon ,itis
-possible to determine the value of ¥ and t,he Ingle ﬁ ‘

Component ofvelocrty in drrcctron of motlon of the vane
of waterdeaving it,

5 by r

l=_V.cosAB :

in the o;)posite direction to V. 0 LT

= change in momentum of water ) :
in direction of motion, of-w'h‘ee] L

-.Force-causing rotation of wheel

= inass of water flowing onto vane
' X.changeé in velocity of water.in
derCtl(fll of motion of wheel

=paV(Vy + V) ‘ Ll

g

~:Note that the Lhange in velocities is the addition of their
: separate quantltles since they are m opposite dlrectlons

1o e

-

- Work donc per second on vane :
o :.—PaV(V\v + V\V)V . ;.

. R R

h ing the same assumptlons as for flat paddles (see o
page 56) this will be the power of the waterwheel. el e
‘However, the true power would be somgwhat less .
than this due to losses from friction @nd sp]aslung, ; s

“which. ,could account for 30 per ;e*ﬁt 'of tite power of
thiese types of wheels

e Cal

,segments‘& ‘There are seventy -four buckets ‘of roughly
-J-shape,
-buckets akrd'the sole plate of the. wheel o s

‘possible at any—posmon the distribution of water bétween

S ~Wheel

= wught of Water flowmg onto
wheel per minute: . ,

X height descended by water
between entering and leavmp
wheel

Work done per minute

s

Medsurements ma(le on waterwheels in the mid- nmcteenth

‘ century showe(l ﬂldt the frictiomn, leakage, and splashmg

caused losses of between 18 per LCI]t and:-26° per cent of

the power e v \ : i
From inspection of the shape of the buckets of overshot
wheels (see pawe 2) it is dpparent that the buckets

cannot be full‘of water at the very top of the wheel, and

-for overshot, breast, and pitch-back wheels most of - the
water will run out of the buckets before they reach the-¢
lowest partof the wheel Therefore the expression given .’
above cannot be used directly. The ways in-which this

~...problem may be.approached will be illustrated by reference:

to work. undcrta}\en by Mr John Hamson and sixth- form
boys of Estor Grammar School, on the largé waterwhéel at
Killhope Lead Crushing Mrll Weardale County Durham
(sec figs' 2 20.and.2.21.). o
This overshot wheel is 10 in diameter and is ma of
wrough’t \1ron and steel rivetted together. Castings ate used -
only far the bearing blocks; hub plates, and ring gear. {

b
entilating into-a space ‘between the back of the

%
fe Ll o

Assummn that eac 1 blicket contams as much water as

the buckets on one half of the wheel'wauld be as shown

in ﬁg 221 Tlus isa little pessmustlc for the buckets near -

the top, since tlle water ﬂowmu into them would tend fo
“‘catry. up inside the curv (l front of the bucket toalevel -, -
*above the height of the ventllatlng openmg at-the msrde :
 trailing edge oftre bucket. | o .

i oo Pt

e




- Fig 2.20 Mr John Harnmn (centre) aml sz,\th -form bays of | 1<ston
- Granungr School inspecting the large metal, Jvaterwheel at K]
" lead crushing mill, Weardale, County éi'(rham The launder y
" brouglit water to the top of this oyer. shot waterwheel has bp

ilthope
hiich

P
rouds

_demolished. The lines of rivet Iwads on the putside of the sh
indicaté the shape of the buckets attached to the inside

B
i : : i
. I

On the space dlagram (ﬁg 2.22) wluch shows the quantmes
as measured in Imperlal umts the weight of water in each
bucket was obtamed by measuring the cross-sectional area .,

of water in the bucket and multlplymg by’ the*width of ©
bucket (1.7 m) and by the density of water. .

Using the energy abproach outlined brevidus'ly the
average weight of Wwater in each bucket for the whole

descent from top to bottom is given by
)

total weight of water in buckets : 9915 ounds
number of buckets on this half of wheel 37 P
. ' . - =268 [?ounds

bottom is given by
268 Xfdiameter fwheel =268 X 33% foo
’ = 9000 foot pounds

‘Work done per minute = 9000‘/">< number of mecke‘ts.
° ‘which descend each minute

o

i ‘G ;e )
To deternting the number of buckets which desfend per
minute we need to know the speed:of rotation of the

wheel. If it is not working, the speed must be estitmated.
In the latter part of the nineteenth century, the general
rule was that thg Tinear velocity of the buckets should

be between 3 an(l 6 feet/second, with wheel§ above i
20 feet diameter being worked at the upper limit.and
smaller wheels approaching the lower value.s

Using this 'F'}c a wheel of 33 1t 8 in. diameter would rotate
“-with-a-cireumferential ¥eloc1ty of-about-6-ft-persecond——~—

circumferential velocity
circumference

. Spccd of rotation

T. 332/
_6X 60
7. 33%

= 3.4 revolutions/minute

revolutions/minute

] 6 revolutions/second
| )
1

v et y

f ! - - ‘ N - /
Fig2:21 Drawing of the waterwheel at Killhope crushing mill, prepared by sixth-form boys of Estor
: i 3 ’ 1

Grammar School
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, At 3, 4 revo]utlons/mmute and with 74 bu ckets on the The logses ‘due to friction etc are yet to be taken mto account,
L wheel e g e but| these will ‘be consldered after deﬁcrlbmg the su.ond

i : me hod
Number of buckets descendmg/mmute =74 X 3.4

. : G ;
. Gl T 25,) . S ln the second method, the torque on the waterv\vhee is’
o determmed by evaluating the position and magnitTte of
_Work done per. mmutp 9000 X 252 ‘ SR the resultant downwird force from the weight of ‘water , ;
S R 2260000 foot ppunds E i 'in tle different buckets. The resultamt-canbe ca culated b
HO?SG o : g 2 260000 R . but 1t can also be dete‘rmmed by graphical statics as foll‘ew‘q
b : 33000 : ; 1 T he weight in each bucket is considerdd as a smglc
o 68 5 (or 51 kW in'SI umts) i force acting vertlcally doyvnwnrds through ‘the centre
' . S of grav1ty of the water. ’ - ' :
r w J‘ ~

) lt 1s assumed for, ﬁg 2.22 that for.each bucke; in the
o ' upper portion of the wheel, the line of dction of the
: . o S EE ) . i 7« force due'to the water in the bucket coincides with
o L Co ‘ ( R o that of the buckét in the lower part of the wheel
Sl S, : ’ o s . VCI‘thd”y betow it. For example, there is a comnion
" : a “ « 1“7 lineof actioh of the forces from buckets 6 und 30..

f ‘DD 1) > e ) - 7.* o - 3 Each value in the row oftléures at the. bottom of fig 2. ”” o
gk 50 ) so » ) . .

7S is the sum (of the forces in the two bucl\ets vertically
4, ~ e above. / v

~ 4 The ]etters between the figures enable the forces /e

. -designated (Bow's notation). Forexample, férce EF
L. of magnitude 260 pounds is thatidue to the wgtcr '
in bucl\ets 6 and 30. ‘ Y
IR "5 The lorCL diagram for this qutem of pasallel L{)])]-ll].ll‘
B

farces is shown on tlie right of Tig 2.23. Vector ab
~represents force AB to scale, be represents BC and so

space diagram
(I I N N

furce diagrag
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.




on; with ef repres=~nt1ng force EF. If the system isin Neither of the powers estimated from the two methods
i-.equilibrium, the jzrce diagram ‘closes’, that is, the *“accounts for losses dué to frictiof,:splashing etc. Assuming
last vector (representing thie equilibrant) ends at the : these losses to be 22 per cent,

~starting point of the first. In this case, ta is the
“equilibrant and the resultant will have the same

magnitude but act in the opposite dlrectlon

probable horse power (— 68.5 X 78 B S
(by energy method) '
{

' 6~\The position of the equ1hbrant (and thus of the B 53 (49 kW)

tesultant) is found by’ means of a funicular polygon.  * ’If the lower portlon of the watezrwheel was ‘drowned’ in
First, a polar diagtam is drawn by selecting any pole ,the tall -race then there would be & further loss of power
X (on the left of fig 2.23) and eonnecting this to each lin working against this. In the n}neteenth century a drowned
point on the force diagram, that is, draw lines xa, xb, . ‘wheel was considered to have an efficiency only three-

i XC, and\‘so on. R : quarters that of a wheel not drqwnecl.

7 The fun1cu1ar pol gon is drawn in the spaces between ; R k
the lines of actionlof the various forces » see middle of . : .
fig 2.93. Startmg it a point on AB,a line is drawh ’ ' .

~parallel to xb on tl e polar dlag,r"lmj across space B to R . B : \,

cut the line of z\icti&sn of force BC. From this inter~
section, a line is drawn parallel to Xc on the polar
diagram, 4CKOSS space C to out the f|me of action CD, .
and so on until the lﬁne of action ST is reached. . : . = Lo

8 From the starting point on AB a lirfe is drawn parallel =« v . [
to xa on the polar diagram and from the finishing ; : . !
point on ST a liné isldrawn parallel to xt. These two . ’ e r
lines are extended to\mterqect at Z, thus completlng . ' - . Lo
the fumcular polygon . , N 4 A

9 Thc resultant 1orce ae,tq vertu.ally clownﬁwards through : ’ ! i
" Z.1In this cnse~thc nml,nltudc of the requltdnl is
9915 pounds (thut is, the sum of all the downward
Iorecs from water in thel)ucl\etq) and, from the
funicular polygon on fig .?_ 23, acts at 13.4 £t from
‘the centre of. the w‘dterwltecl ¢
torque on waterwheel = Ioree X. perpcndl(.ular distance
: \ ofits linc of action from the
\t:en\tre of rohltlon/

=9915 X 13.4
= 173\3 000 foot pounds

work done by torque = torque X angle (in radians)
per minute turne throuﬂh per minute

" = torque\X 27 X revolutlons per
. ' nnnute

Assuming the same speed of, re-volu ion of 3.4 revolutions
per m-inut’e - as taken for the previous method, page 58,

work done by torque = 133 000 X 27 X 3.4°
per minute . ;o K

_ 133000 X 27 X 3.4

horse power

_ 33000
=855
' (or 64 kW, in SI units) -
e 7T %
Comp‘armg with the value on‘page 59 there-is’ ‘almost . - el . i
25 per cent difference between the power estimated - | > L k.
i from the two ‘nethods. However, consider the dase when .. . .

!

\
the total WElc,ht of water on the ,wheel remains the same
but is distributed so that there is more water in the buckets‘
near the top of the wheel and correspondingly less in'those

at the right-hand side of the wheel. The power estlmpted T
Lfrom the energy method will remain unchan‘ged but\that e
ideduced from the resuftanf force and consequent torque w1]] o R

ur

dgcredse sgmfcantly

N m ) : . \ ®




2 8 POSSIBILIT[ES FOR FURTHER WORK |

Further work depends on the chosen ob]ectlves "l;he
appropriate leads to these can be- developed whenwthe class

“Or grouf discusses the results of theirs V)Slt to the water-
" “mill site. The possibilities for further work are grouped

~under three headmgs ! k
| |

il 111volvement with techno]ogy |
© 2 involvement with non-technical subjects

3. communication of fhe:information collected. = "
. H . \ = ‘

Involvement with teclznology - ; Lo
Recordmg . 1 S R
’,It may be that the first visifto tlie site was used in getting
" familiar with recording gecliniques, and tliat as a result of

classifying and collatigg th
teacher feels that more rec
his or her objectives. Thus,
to earlicr (pages 49-53) ma
after surveying the site fro
‘be motivated towards tryir
““so that they. can be involve
work if this is relevant to t

Measurements { : .
Disillu: i;:fhml with the accuracy of results of the first .
sessionfol {rying to meusure

lead to more experimenta
develop/ more-reliable. tecl
‘power putput of:the,wate
shdwed the,possible discr

information obtained, the
rding is requjred to achieve

y be relevant, For examiple,
m the ground; the pupils may
g-to take aerial photographs
d in design and constructlon
1e teacher’s objectives. |

o ®

waler [low or power may

-work in school in order to

nigties, In_the estimation of°

panucs due to lack of know-

some of the activities referred

A
rwheel, the previous section -

ledge of the behaviour of Rhc water as it comes onlo the
wheel. This could be inve llguted by building transparent -
models and observing the water [low into the buckets
‘so that a more réasonablel water distribution cyn be
drawn for the "1ctua1 watelwhcel . 1o

Invcstzganons of the foue/u'y bfways of using waterpower

Emm the visit to the site the pupils may be encouraged
to question the efficiency of the waterwheel araranoement
seen and to compare the gffectiveness.of dlfferc.nt ways’
of obtaining rotary powdr f1om water by pIaCthdl
omvestrgatnoﬁ‘s

Providing the hardware for these mvcstlgatlons mdy be
a means of achieving ObJé:CthCS involving design. The
following shows the vurléty of decisions the pupils will
have to make in desig‘nilig even a simple waterwheel using
the supply from the classroomtap:

“How, is the water to bl brought onto the wheel? (See ..~
fig2.24) = U

What phovisioni is to Be made to reduce splashmg/and
the effects of splashing? (See fig 2-257) ‘
How is water to-betaken away after drlvmg the wheel"

g Wl’dt type is the waterwheel?

+ What is the size of wheel?

_What are-the-nrmber-and 1ape of the p"tddlcs vanes,

‘or buckets? . %
. W_hat materials $hould be chosen for workmg in water
or damp co.nditriods? (See fig 2:26.) o N
) B it | : N
j o i . . ‘
/i f f

Fig2.24 A large, experimental model waterwlieel with metal
~ buckets containied within large wooden discs whick perform the .
Sunction of shrowds and also of attacling the buckets to the wheel P
axle. The water is supplied from the laboratory tap into a header
tank witlh means jm measuring the flow from the left-liand end into
the benrt tin-plate pennough delivering water onto the overshot
waterwheel. Note that the water is still leaving the buckets even after
;rlgev have risen b1 moving dlmost a quarter of a revolution from the h
bbrmm position. T/us indicates a poor design ofburker andfor in-
cé)rrear choice of speed of rotation

| _ - :

| A

Fig 225 A small lmpulse waterwheel made by boys at Hinckley
Upper,School, Leicestershire. Made mainly of metal, this has a
Perspex front td study tie flow of tvater on thé vanes and the design
allows easy replaceient of one rotor with others of different vane
profiles and numbers of vanes siuch as the 'example in the right back-
“ground. Note the cover over the discharge into the sink to minimize
splashing

)




F1g2 26 A cbntrast in materials and methods of consmlcnon of
szmllar model undershot Waterwheels, The: example on the left is of
lzght alloy sheet, cut and rivetted together: that on the right is of PVC
Sheet and chiphoard waterproofed by coating with polyester resin .
after assembly

v

Fig 2.27 A partially-made model waterwheel with buckets, showing
the chip board 'boss' slotted to take the buckets formed by heating
PVC sheet and bending in a jig. The wheel will be finished by
attaching another disc of PVC sheet to provide the second ser of
shrouds for the buckets v . -
- . : : ) * -~ \

¢ - . v

How is the wheel to bu supported (bcarmgs and therr '
supports)? o

3

How is the thel to be attached to the shaft?

Will other devices (eg far power meéasurement) have
“:to be attached to the slmit and lfso how will this be
done? ‘ : . :
i
i

o

To compare 1hc efficigncics of dlftcrcnt moclel water- 3

whecls we néed.to measure: ; |

l N
. .

1 the input to th&wheel eg water flow and head (frg
2 theoutput. =

So‘me methods of flow measurement have already been
described in relation to the flow of‘actual streams (see
pages 51-3), and some of these can be adapted for use -
- with smaller flows. Besides proprietary flowmeters
employmg, rotors and floats, school burlt devrces .can be

¥ qmte effective. *

Onc smlple devrcc (flg 29) uses the drfference in pressure
across an onﬁce The, orifice can lpe made by brazmg a
drilled dlSC between two pleces of brass tube,

: Note tfrat the downstrcam attachment for the transmrerrt
‘ plastlcs tubmg is very close to the orlfrceplate R

1

a
‘ {

62 b i)
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2.28 A pupil from the Dunsmore School for Girls, Rugby,
observing the head-of water flowing over a V-notch. Note that the
sides of the hotch are Lhmnfcrul 1o present a sharp edge. The scale is
fixed to the cross member but the screwed rad, carrying the pointer,
is adjustahle so that its lower end, pointed aidh bent through 180° to
point upwards, just-touches the rurface of the wa(er about-75 nm
upstream of the notclt

- ) |

-

The device may be calibrated by drschargmg the ﬂow .
througr it-into a measuring container (fig 2. 30) A pldSth
bucket marked to indicate a definite volume is sujtable.
Thu tnm is observed for the container to fill to the mark
and at thL
water in thestubes is noteg. This is rupedtul for different
flows so as to obtain a calibration table, or the mformatron
may be prcsuntud asa grdph

- 2

| o

.Note, that i‘n;comparing water\_vheels, it is oftenonly = . =

necessary toensure that-the flow is the same onto each
wheel tgsted; but if we wish to investigate how the
performance of the wheel varies with different flows then
a Lahbmted ﬂow measuring device is esséntial.

N ' )

In many schiocols there will be fluctuating flow from any
thers are turned on or off. This will causewariations

‘in the speed and power of the waterwheels under test,

and a constant head arrangement is useful (fig 2.30). .
Toe &

The following,"methoas have been used successfully for
meagsuring the pawer output of model waterwheels:

1 Lifting weigiits b} wvinding cord onto a shaft. ;Aflight
tord is secured to the waterwtfeel shaft and as it winds
_round the rotating shaft a weight is liffed by its lower
. v :

s
[ / ~ : '

.

same timethe difference in head between the




difference
in head

1

AN

|

o

» 5 : A I

! |
|

end (fig 2.31). The weight has to be adjusted so: th"at e
it evenitually ascends.af constant velocity: This can be
checked-by noting the time it takes to cover two f
successive and 1dent1cal dlstances e [

Because the wheel and welght have to accelerate from
rest, they will move some distance from the startmg

pomt before their movement is uniform.
work done - = force X distance moved

power = work done in unit time -

“orifice -

Fig 2.29 Flowmeter.using c\iifference in pressure acwoss orifice

~ag— from tap

overflow: . =

¢
1

‘

#

~ Fig 2.31 Lifting weights by winbing ¢ord onto shaft

= force >< distance moved in unit time

. ;
If the mass on the end of the cord is 0.25 kilogrammes and

force on the end of the cord is

--the- tlme it takes to travel 1 metie is:20 seconds, then the

25 X'9.81 newtons.

power = 0,25 X 9.81 X !4, newton metres/second.
=0.12 watts .

Since 1 horse power is equivalent to 745.7 watts,
horse power = 0.00016 =« » T

Using a band brake with dead“load andsspruSg balance.
For small waterwheels , the weight’of even a small spring /
balance can be sn,mﬁcant compared with the torque on',
the brake wheel. To eliminate the effect of the weight
of the balance, it can be-attached to The.end of the
brake band through a lever, as shown i in fig 2 3}2.

The brake enables the torque from the v{fler\(/lleel to be

determijned, but to evamdte power-the speed 9t revolu- L\»

tion is also requlred This is most eonvemently measured
by a stroboscope, and the type uscd for Nuiheld physu.s
courses is suitable.

Torque at wheelshaft /
= radius of brake wheel X (foz(due to dead load
— force shown by spring bal/a ce) :

power = torque X angular.di

lacement in radlans in,
unit time ! .

‘ Fbr example, . L e

.~ horse power == 0 00085

Y

1t radius of brake wheel'= 75 mllhmetres

mass of dead 10ﬂd “ = =015 kllogrammes

»

“spring balance reading = 0.25 newtons
speed pf rotation
)

Then fOree due to dead load s
‘0 15X 9 81 = 1,475 newtons

=.200 revolutions/minute

torque . . .
- =—5><(1475—0ﬂ5) g A
1000 .

=0.03 newton metres

power’

=0.03 X:6909 X 21 newton meh es/secm‘d

PR

=0.64 watts’

Since one horse pow;r.is/equivalent to 7'4':5.17 \gv'atts,
0.64 o
745! 7 /|

- . ? :
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leads to
Wheatstone
bridge

: Fig 2,32 .An impulse-type wheel fitted with a brake pulley oit the

veheelshaft, The torque is determined by dead-weight and spring:

‘balance. The pulley is marked with a line on its oufer face for deter
mining the speed of revolution with'a stroboscape {The water supply
to the nozzle at the wheel is from the laboratory tap through a flow

measuring device (on the right ) using the pressure dszerence"across an ‘
"07’1 e =

) ’ e _,.:.

3 Usfng a band brake with degd load-and eleétrical

resistance strain gauges. Because the tension in the
bzake. band b the side away from the dead load -
changes by only a small amount, a morg sensitive

.~ fotce- measurmg device than a sprmg balance is useful

©

OllL method of pr0v1d1ng this sensmwty is to connect
the brake band: to the freg end of a spririgy cantilever
(See figs 2.33 and 2.34). A piece of hack,s‘aw blade
1s SLIlldmC for thl The=end of tl;e cantllever w1[1

@)

! < . from thp strain
gauge

’ | 112 ’

from lower strain

gaug;/ o ' .

Fig 2.33 Force measunng device uging strain gauges and Wheatsrone
bndge .

. S
Fig 2.34 A Wheatstonedsbridge circuit for determining the change in .
resistance of electrical resistance strain gauges fixed to a flexible -
cantilever and so measuring the tension in the bantl brake dver the
pullev on the watenv/xeel shafr ‘ . ) °

band brake. Near to the f‘xed end, ldentlcal electrlcal-
“resistance stfai gauges are fixed to top and bottom of
the cdntilever,fand are affected by the compresswe
strain (on on / side) and fensile strain (on the other) = .
of the cantilever as it is deflected by the pull from.

tlfe brake band. .

The strain gatiges form part of & Wheatstone bridge.
circuit (ﬁg 2.33). The other arms of the bndge are *
formed of re51stors of a’similar resistance to thq‘t of
the strain gauges. To adjust for initial balancezit is
usgful f'o hadve a potentiometer across the apex of

- the strain gauge connections:

3

- In its simplest fofm; the arrangement can be calibrated
by applying small knéwn forces to. the cantilever aty
the point where the band brake is narimally-attached,
and observmg the deﬂectlon on the galvanometer

R
Agam the stroboscope '1s useful in determlnmg the

8 speed of rotatjon.and the power is calcplated as for
method 2 above “using'the force indicay
-gauges and br;dge <circuit instead of thd spring balande.




~ (which can be m ature;mode making motor‘ ;a8
“..“mentioned prev1ously) can be:connected drrectly to
the waterwheel shaft. If th waterwhéel speed isstoo.
“to produce anythmg at the nenerator 1ntermedlaﬁe
' gearing must-be introduced to give d sultable speed at-
the generator. There will-be losses i m the gear:mg but .
= simple mecharical fests on the gearmg alone should
- —establish its efﬁc1ency

generator

motor and .

fag

— waterwheel .

~..The output from the generator is used to supply an
electrical load, for example illuminating small electric
]amps or driving a smaller miniature-electric motor.

(This; too w111 need to have aload, such as a small

. propeller on the end of the shaft working'against air
resistance;) The current to, and voltage,across, these

o welectncal ‘loads are then measured. See] figs 2.35 and 2/367"

Electncal power - = =.current X voltage

For example, if the ammeter mdlcates P 02A and the o

- voltmeter indicates 4.V,
""" =0 '02 X 4= - 0.08 W

Slnce I horse power; 15 the equlvalent of 746 W,

—9@-—00001

fho 3 er.
, 're_poi‘”‘ T Ts

Turbmes as; well as'waterwheels )were, and are, uséd to !
develop power from water, and the mvestlgatlons can
L extend tQ many of the types given on pages 85 96

eeI 2 smaII gearbox has been canstructed usmg propnetary
work a Meccano electric.
s.used to illuminare a bulb
od ‘fan’ in:the left
'eground The instruments.on the right-are for measuring the current
hrough the bulb and . moror, and the voltage across these, 'so-as 1o

electric N

*." as shown in fig 2 38.

" board former, gives rigidity to the mould: when gIass remforced
-plastic is lazd up in it to produce the final roror =

At f1rst srght most ‘of these may seem too comphcated

in shape.to make in schools, but with the current’
avau]ablhty of plastics many of these awkward shapes.

~-Can now be obtained. ‘ : '

For example a rotor or 1mpeller curvmg in three
dimensions can be made by casting; in plaster of Paris
-a cylinder of the overall dimensions of the part. Onto
this is drawn the intended shape of 'the rotor and the
~surplus material is carved away with a knife. The plaster
, of Paris pattern is then used to make a vinyl rubber .
mould into which is layered up glass- -reinforced plastic |
(glass fibre)-to give the final rotor. The casings can be
made by using.GRP or by vacuum formn?g_ onto plaster,
wood, metal, or composite_battems. (See fig 2.37.)

LN

Rigid plastic water piping, for exakmpyle‘ Marley drain-
pipes .and fittings, can be used to reproduce turbines

2.37 Pattern and mould for makmg a small turbzne rotor con-

- structed by John Jeffreys of Pocklington School, Yorkshire, duringa =

Sechools Technology course in.the Education Unit, Lanchester

Polytechnic. The pattern on the left was made fmm a cylinder of

plaster of Paris cast in an empty tobacco tin. The required shape

was drawn in pencil and the unwanted portions carved away with a [
knife. The pattern was used to prodtice the vinyl rniéibber mould on

the right. The surrounding ring of plaster of Paris, castinside a card-

o generator
output to .
i ., load and

meters

from constant
head tank

plastics
tube

T w!bmr

guide vanes
it ramner
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to be easrly removed for alteratrons in the light of the result{

of each tests.
Practical mvesttganons of rransmtsszons :

Apart from investigating the power source itself; pupils
“earr consider how theé rotary power obtaJned may be
utilizéd for-different purposes. Waterwheels being used to
operate, ascillating fulling stocks and tilt. hammers are -
shown on page 3. Other examples of different: “types of
motion“Gbtained from the rotatron of a water‘wheel are -
given on pages"‘77—6 A . \.

- [

Attempts to make workmg moclels of these will bnng the
~ pupils mto contact with preblems encountered in trans- :
missions of in’ convertlng one fype of motlon to another.« o

The solutions can be related to present day apphcatrons i

and the relevance. of the work can be empha51zed by
.presenting the pupils with the task of de51gmng and
‘producing (for being driven by waterwheels or turbines
“supplied from school taps) prOJects such as dish washets %
" or agitators (for photography), remprocatmg graters (for ~
food preparatron) and ‘gocktail’ shakers . .

“The later used of electncrty as‘a means of transmrssron ot
power from water (see page 92 et seq) can also be investi-
gated by using a waterwheel or turbine to drive a generator
. which supplies current to lamps at intervals-along trans-
missiod lines so that the dlffermg voltage drops along the
hnes .can be demonstrated. ’ e

Other uses of water energy
Rot‘ary power is not the only way il wlueh water energy

~pages 77-80 provide scope for technologlcal project
work in schools ] .

Makmg actual use of an avazlable water supply : B
Some scHools may be fortunately situated with regard to’

. a:water supply, w}uch may be convemently harnessed to
provide power for: some project. This was the case at
Aberdeen Grammar School where several boys'decided
‘to build a heat pump. This needed a continuing source
of heat to evaporate its workmg fluid and also mechanical
e,nergy to drive the compregsor in ‘the heat pump. Both
the source of heat and the mechanical energy were
obtamed from the Denburn, a stream flowing along a
é’hanne] through the school grounds (ﬁg 2: 39)

3 :
Restoranon of watermzlls and thezr artzfacrs L ;
It is unlikely that a-school will have either the opportunlty
" gr.the inclination to undertake full-scale restoration of a
mill. However, some schools have been able to make a
““worthwhile contributiono restoration/preservation
schemes when-the materials (whrch can prove-to be very’
. expensive in the quantities required for, say, a waterwheel)

are provrded .

-y
One aspect whrch is within the capabilities of many schools,
and which provides scope for overcoming design problems, .,

. 1is the restoration or reconstructron of the stone fumrture

that is, the hoppers, horse, and shoe together with the ‘
control’ cords to ensure an even flow of grain to.the stones.

.

The arrangem'ent and development of the 1atter to ensure
that the grain flows as required will provrde plenty of scope
for the analysis of problems and mgenmty in solvmg these.

66 .

5

~can be utilized, and some of the ‘designs deséribed on <

*“charitable trust

Fig 2.}9 Banki turbine
Aberdeen Gammar Sch

Fig 2.40 Boys from Grenville College Bideford, cleanng debris from .
[the launder serving one of the warerwheels at the Firich Brothers
‘Founclry Stzcklepatlt Okehampton. These works have na%een
restored and the waterwheels work agam under t7le auspices O} a

Photo by courtesy of B D Hughes
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Dzstrzbutzon and locanon of oz‘lzer watermills in the district
V', Without ‘even referrmg to pubhshed lists of mills in the
locality (page 98) it is comparatively: easy to obtain this
“information in sufﬁc1ent detail foa:.school discussion by
§ éx"am'ining'copleg of old maps in the local libfary or
record office. If it is'not feasible to take the whole class
~to these places, it is usually oossible to obtain elelctrosthtic
copies at ciite low cost to use in the:school itself.

If it is thought that txme—can be allowed to-looksat only

Envzro" 1ental asp?et\s
The*waterrmll wis built to make use of certain aspects-of the
: env1ronment and the followmg may be considered by the class:

2

tainmg ‘these from the dlrectorlgs' for several differént. .
- yéars w_il] enabl&the analys1s to be done in school.

the natural path or- route of theriver-orstream S ——

the contours of the land to ﬁroduce a fall in the rjver
of stream, or to allow the water to be impounded or
diverted

the water table and rainfall govermng the supply and
quantity of water at the m111 . v

the geology of the aren, affecting both the water run-
off and the avallabllltyrofbﬁm]dmg matonals

) MATTRESS MAKERS
See Bid - Muattress Makers, * . .

MECHANICAL ENG—INEER.
See Engr'm’ers——ﬂ[cvlumicul.

Ao 1ﬁmc.u, BOTANISTS.

Bcddcr Mrs.Suruh’ Ann, 38 Hertford

S “street, Cmcntry
& Smith I'honmsR 51 Spon st. Coventry
- Vaughan Henry, 46 Abbey st.Nuneaton

MERCHANTS,
S Ashwin & Co. Union st.Stratford-on-Avn

- Rotherhdm & Sons, 27 Spon st. Coventry
‘Thompson Edwd. L. 6 Hill st. Coventry
+. METAL WORKERS—ART.
Coventry vt Metal TWork  Co: 45 ' Wel-
lington street, Hill fields, Coventry
Richardson, Ellson & ‘Co. prer Fard
“street, Coventry
Skldmure Franeis A, \Ierldcn, Coventry

MIDWIVES Chonie

Cr 'ncr Mys.Ellis, 25 Ch'm(los st, Lmngtn
Fitter Mrs. I‘llcn, Brinklow, Coventry

.g,rccn\\aod Mrs.” Ruth, 98, Little Park.

Joiligtreet, Coventry
Hall ¥Mr$. Elizaboth Stanton st.Covelitry
Heswitt Mrs.'S..10'St. Agnes la.Coventry.

Rollason Mrs. Sarah, o King William

. strcct Hill fields, Coventry
MILL OWNERS—STEAM

““Rider, ‘Betts '&" Sons, 57 © & 58 Wesbv

. Orz.lmrd Coventry

: MILL:;BAND M.A.N"UFAOTRS

India Rubber,Gutta Percha & Telegraph
Works Co. ‘Lim, 100 Cannon street,
“MLondon e.c, Sce adverb :

2

L L o

. Edmunds &Welldon,7 Market pl. Rugby |

MILLERS

_Marked thug ® are worked by Steam.
Marked thug 1‘ are worked by Wind,
Marked tlrus T aro worked by Water.

Achurch&Kirby, Reéd House'la. Coventry
*Achurch John W, Foleshill, Coventry
tAdeocks Edmund, Flllongley, Coventry
Adeock J. Blyt.hc Shustoke, B’ham

. %Allnn Mrs. Ann, Bubbenhall, Kenilwrth

AllenHenry, I}nmnton Coventry
tAnderion Hy, Wellcshournc Hastings,
Warwick
tBarnett George, Thurlastoh, Rughy:.
TBeck Mrs. Eliza, Stockton, Rugby
1Bellairs David,Long Itchmgton Rugby
*tBird George, Southam S.0
tBlakemanWm.NortonLindsey, Warwck
{BrierlyJ. TheHall, Nwnhm. Regis, Rugby
Ianks Thomas, Halford mill, Halford
Shipston-on-Stour
*Rull Mrs. Ann, Priors Marston, Byfisld
LI Bullivant G. Wootton Waw en, B'ham
*Burton - & Haddon, Chnrter Houge
mills, Coventry 5
{Calloway Joscph,]un Hul.l green, Foles-
hill,“Coventry
IC:rrmgtnn J.Sowe mls Wyken,Covntry
Chamberlain “William, Bentley he'th,
Solihall, Birmingham
{Cooper :Thomas, Fisher’s mill, Ixmgs-
bury, Tamworth

1Cox Samuel ,Up.Shuckburgh, Daventry

FDawkins (xcorge, Tuttle hl. Nuneaton

}Dohson Thomas, ‘Little Luwford mill,
Little Lawford, Rugby - ° .

tDrinkwater F. Eﬂthorpc, Leamington

{Eagles James, Grandborough, Rugby

*Else Joseph, Solihull ‘Jodge, . Yardley
wood, Shirley, Birmingham

IEmbrev Richard, Barford mxlls, Bar-
ford, Wurwick

: tFauIconbrldgc Isaac, Hall green, Fo]es-

--hill, Coventry
fiFu]lard Samuel, Packwood, B.nowlu

I(’roffS Ch.trlccotc mill, V\"n'wu_k

a

I(mpsall James, Sheldon, Birmingham
TGriftin - John,  Little - Dassett, Burton
Dassett, I,,mmm;rlnn
%Grun‘l\' enrpe, Arley, Coventry
Halford Andrew W, Binley, Coventry
‘+tHammond Juhn Berkswell, Coventry
{Hancox J. A, chlcy -in-Arden, B'ham
Haslewood Alfred Win. Pailtgn, Rughy
ti{Haynes William & Charles hesterton,
Leamington
{Haynes Fredk. Ju. Newbold rd. Rughv
tIaynes Thomas, Warmington, Banbury
{Heaton Harry, \Illlcr Long Moor mill,
Sutton park, Sutton’ Coldtield

+Hewens T. Church or Middle Tysoe, .

Warwick
tHibberd William, Rowington mill,
Rowington, Wirwick

%H!ll James, Aston -Cantlow, Birmnghm.

Hill Rowland, jun. Ipsley, Reddxlch
tHinks Fdk. Shrewley, Hatton, Warwick
{Hodges Mrs. Er Ofton end, Solihull,

Birmingham
{HodgesWilliam, Blackford mill, Henley-
in-Arden, Blrmmg]mm
Ingram Saml. Tachbrook rd. Leamngton
}Jones Charles, Cole end Cnlcshlu B’ham

Jardan J. & C. Hhkcduwn mills, Lilling~ .

ton, Leamington
Jnrdﬁn Clmrlcs Spon end, Cnvcntry
Keneh & Son, Emscotv mllls Warwck
+tXing Henry, Hillmorton; Rugb
1Knee Jn. Newhal] mill, SuLLon Coldfield

{Knight. George, Clifton mill, Clifton- .

- ‘on-Dunsmoor, Rugby

Knowles John, 189 Spon st. Coventry,

*{Knowles John, The Mills, Nuneaton -

{Loud William T'\bbencr The Mill,
Maxstoke. ‘Birmingham

tLowe Charles, North end, Burton
Dassett, Leamington

{Lucy Charles & Nephew,Stratford mill,
Old town, Stratford-on-Avon

*IMallabey & Atkin, Alder mills, Ather~
stone ; & at Grendon mills & Poleswth

Marshall T! Hill hook, Erdifigton

62 sw&kw

th 2 4] “Extract from I\elly 'S Dzrectm:y for Wanwckslzzre, 1884, showmg some of the entries under mzllers Note the dlstmctton benween
those using steam, wind or water with George Bzrd of Southam using both steam and wind power

a few maps,the Ordnance Survey maps around the tum 5 . theinterplay, between several of the above aspects in
ofthe century should give a representative picture of the determining the accessibility of the mill for the
: distribution of both water and wind mills. The first edition transport of ‘grain and flofir. : .
' f_TRAoEs DIRECTORY.] WARWICKSHIRE. ‘ L 977
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_ Once at work;the mill in tyrn began to affect the -
*“environment, and 1t is worthwlule d1scussmg its
mﬂuence on

1 the vegetatlon both due to alteratlons in watercourses

* water flows, greater lll\ellhOOd of flooding, increase in .
.‘moisture content of the ground and also due to human
- actlvmes

[SIH

K wrld-hfe due to changes in vegetatlon and to uses of
the la.nd - -

3 communications, since peoplevmight come to trade
with the mill from all directions which would create
trackways providitig, routes for those who did not need
to call at the mill. :

'Colrnpara‘tiye'studies might be-made of soils (for moisture .
content at various depths) vegetation, and wild-life, both
at the mill site and along the natural course of the stream
or tiver servmg 1t | o

- Social aspects
‘The style of the. rmll and particularly of the mill house,

as observed on 'the V1$1t to the site, can lead to speculation
about the position of the miller in the local community.
Discussion of this could also provoke the following
questlons : ’ l -

______,_,___,Loa-certam standdrd;-the-display tan—berprtthed‘a‘ra‘———
level compatlble with the abilitiss of the pupils sqagmg it.

1 To whom did the mill actually belong" )

21 What was the relatronshap between-the owner and the

i miller? | B -
3 -Did the ler engage in other busiress activities — for )
- -example¥as a baker-or as a farmer or grazier?

4 Did the rruller hold any official positions in the parish?
= 5 How was capltal raised-for rebuilding the mill, new
: plant or auxrhary engines?

6 How h_rghly was the rruller regarded by the local &
commumty"

1 Records of surveys. In the case of ngermllls (and wind--

"The object of any display is to enable the ‘dlsplayers tQ.

The du)lay can‘be either set up'so that the v1ewers

R next, or in aform that it can be"taken to the viewers, for

f In the first type of cllsplay, the mformatron may be

have so far not been ment1oned spe01ﬁcally in this handbook

s . ‘ = : : ! D ‘f .

There are two main categones of recor 1:

mills), record cards have been: prepared:by the Wind: .
and Watermill Section: of the’ Socrety forthe Protectlon
of Ancient Buildings and an example of a completed
card is shown in fig 2.42.

Before being deposited in the locaJ record ofnce

museum, or library, it is hoped that these. cards will

be sent to Dr R A Buchanan, Cen,tre for the Study of +

the Hrstory of Teclmology, Bath Umversrty of Technology,

Northgate House, Bath. The cards will then be copied

for the National_Fﬁecord of Industrial Monuments and for -
. 'the people maintaining the Indexes of Watermills and-for
ijmdmrlls for the SPAB. The card will then be returned .

to you from Bath for deposrtmg locally. - ‘

2 Full recordings, with measured drawrngs and photo-
graphs, including those of details. It is worth. checking
with the dep051tory you hdve in mind, as to the form
an/d isize which is ' most convenient for them =

Displays ) R : SR

tommunicate with,the viewers of that display. Unlike
the preparann of recor(ls for depositing which must be

example an audio-tape and colour slide show.

Both forms of display provide plenty of scope for coopera-
tron between departments, including art.and music which

7 Did all mljllers throughout the life of the mill énjoy
this level of regard, or did it fluctuate? If so, why?

-8 What is known of the.miller’s famrly" What sort of

people did they marry? »
9 What was the status of other people working at the’ mrl]" ;

y:

10 Who else was affected by busmess at the mill?.

r

- L—uuvuy\.«u by

charts, diagrams, and mounted photographs with captions;
smaller artifacts from the mill, ‘
models, A

working models (fig 2.43),

tape-recordings,

11 What happened to the mlller and his famlly as the ) 7 f
: busmess declined and closed? ... /

12 How was the local community affected by the closure
of its rgmll'7 i i . C t
'Communtcatmg information P .
Althouz,h in schools the achievement of educatmnal ' =
objectrvesf must-take precedernce over the formal completion..
of an mdustnal archaeclogical study-by-depositing records
or pubhcatlon nevertheless the activities:-of bringing
records to a standard where they are acceptable for
dep051trng in record offices etc, or-putting on a display to
show others the information obtained, can sometimes

E help to achreve certar of our Ob_]CCt]VCS

Records
If records are to be prepared to a standard worthy of
placmg in official repositories, it is as well to chéck that
-this has not already been done by someone else for the
rmll under consideration.

" looped cine-film
The procedures involved in most of these display.tech-

niques are well known but possrble methods for 1nal~.1ng ;
static models of mill bu1ld1nvs are:

1 From expanded polystyrene sheet using hot wire
cutters (in a well-ventilated work area) to cut out the
sides and roof with appropriate openings for doors

""and windows and also fo reépreserit thie joints between
the stone or brick work and reofing tiles or slates.
(See figs 2.44 and 2.45.) Walls can be glued, using pins
to hold*them until the glue sets, but it is often useful
to have the roof and even some of the internal floors

“removable so that the interior arrangements can bhe

—inspected.

2 From scrap-wood, cut to shape for walls, window
openings etc, assembled and then covered with a
plaster (similar to Polyfilla); which when almost dry
is-marked-to Tepresent thie joints between the stone
or-other building materials used-in-the actual mill- -

5
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variable cleat to -
control water flow

! rectangular
| plastic bucket

ﬁ:

electric cable
to supply

‘submersible electric pump-
! o b Te

th 2.46 Use of submersible electric pump for workmg model water~
twheel

A

3 For working models of waterwheels a self-contained,
remrculatmg water system is useful and can be made

‘ from a submersible electric pump of the type used to’

{\ drive garden fountams (fig 2.46). T

The second type of dlsplay or ‘show’ can take var1pn//
forms including:

Fig 243 'Mod;l undershot waterwheel under constriction by Hayle
- .. County Secondary School, Cornwall. Note the compass arm con-
struction, that is, spekes mortised into the wheelshaft, and the wooden

{presenting the information about the millin the form
-blocks whick-will be rendered with plaster-to sinudate stone ' N

of a play, with the minimunt of vi$ual material

N

accompanying such a play with taped sound effects

presentation as a play with tape recordéd sound effects
and ‘props’ tepresenting the mill and its machinéry

slide show with cofnmentgry given by one person.

slide show with scripted dialogue* e 1

story L * .

"

cine- f“lm

With all of these forms, the pupils should be involved in
preparing the script or the order of presentation and in -
- doing-this-will Tearn the importance of an orderly sequence
when communicating information.

Fig 2.44 Expanded polystyrene being shaped with a hot wire cutter
to construct a model mill for display

Fig 2.47 This cast iron nam‘epldtc of the old mill at Flore, near \
Weedon; Norrhamptonshire invites reproduction for a schiool display.
A wooden replica could be used to make vacuums- formed copies from .

. : ; plastics sheet or, with permission Df theowner, ar ression-caft-—"""
| R 245 A hot wilre loopin use fa;mrﬁnﬁ;fe outlines of Slateson” j—‘be‘tzﬂ»en frrriin aiumtmum foil z{smgs milar techniques to those for
the iill, the walls of which have already been marked to represent H L‘Opymg church brasses

random coursed stone N : ) °

i




Fig 2 43r A demonstratzon model matle by S Longstaff in the

the x\rsz] baseboard
e -

1
|
i
i

With the same ﬂow of water as in rhe arrangement of fig 2.47, the

eeiz tumed through 180° relative 1o the baseboard and
¢ ermg the water to the top of the wheel now gives an
‘overs 1ar wheel.and the transparent tail-race makes it easy. to seé*the
mzter Ieavmg Ihe wheel, 'backlng up agamst lts direction of rotation

Educauon Unn‘ Lanchester Ponteciu : The waterwheel is that shown
under construcnon in fig 2.27.-The water is being directed onto.the
wheel at t’he level of its axle, thus represennng a breastshot wheek. The:
long wheelshaft is intended for use wzth dtfferent devzces secured. to

Fig 2. 49 771e same demanstranon madef with water heing delivered
to near the top of the wheel, so representing a pitch-batk watéerwheel,

CLASS DISCUSSION OF FINDINGS
Having dec1ded the areas of further 'work most likely to
‘achieve our Ob_]CCthBS the results of the 'work at themill
site can’ ‘then be discussed ‘with the, pupils, with a view. to
arousing an interest in this further work. Thi followmg

are examples of.discussion points andthe po/smbte further
work tg-which these may lead. The page mimbers in brackets

refer to the sectl,on in thlS handboo /w']/ere more 1nformat10n IS
s g1ven

)Disc‘ussion‘ ‘poi/nt:/\

are they in the pbsitions
recorded? <

" Further work - R e
- . .‘
" Environmiental aspects . o
(page 67). . !
Have we an overall record of the ~ Adrial photography (page 61)
watercourses?

Have the watercourses been

dltered (by intent-or abcident) ‘
since the mill ceased work?

; Effect of later technological \
- developments on environ-
ment (page 67); o

What effect have the water- Enwronmental aspeuts

courses had on the ecology (page 67).
around the mill site? .

“Should more people be aware’ . Communicating information  / .
of what has happened at the® (page 68). 1:

mill site? . . N

S
Improved measuring
‘“tecbmques (page 61). »
‘Are these measurements typical = Considbration of ra.m-fall -
of the flow when the mill was at . records and ground water A= :
work? run-off (page 57). - RN BT
What is (or was) the efféct of the' ‘Effect on river as a navigation | |
’mi}l.darri and the operation of . )
overflow sluices or provision of

| Are the measurements obtamed
for water flow reasonable?

— communications in
-environmental aspects

‘low-shots’? (page 67). e BEES
- 'Also effect.on mills upstream !
" "and downstream, and distri- L
- bution of mills in locahty ' t
i (page 67) ’ .
, ’ .
Waterwheels or turbines . i
Why was the observed type of  Environmental aspects b
_waterwheel used at this mill? -, (page 67). "

Also investigations of
efficiency of different ways
of obtammg rotary power -
from water (page 61).
What was the hkely power output Need for more measurements i
from the wheel?™ .. and calculatidns (page 56). {

Was this an effective use of the
available water energy?

Investigations on models of v
, different types of water- ‘
wheel and turbines (page 61).
" Other devices using water
energy (page 77).
Using the available water
- supply (page 66). -
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o 2 10 RELATIN G PARTICULAR ASPECTS TO ;I‘HE
*GENERAL PICTURE /
Whatever the particular topics chosen for further work,

‘ + itfs'ofterrnecessary ‘to relafe this work torthe overa]l
plcture of the activities, such as: o

1 general developmen\f water-dnven corn mills
.2 flour milling and food e ‘

3 other uses of waterwheels and turbihes :

4 other ways of using water energyv -

» ) w
5 waterpower and other sources of energy. + °

General developmelit o f water-driven corn mills
The local watermill needs fo be discussed in relation to the -

in the use of waterrmlls See Sections 1, I and 1:2. .

~

FIour-mtlImg and food ) [ e

The development of techmques of ﬂour—mrlhng is given in
Section 1.2. The Home Economics Departmerit might
cooperate in showing how flour (in bread, biscuits,/cakes
etc) contributes to our diet, and its relfatlve importance
compared with other foods e <

Other uses of waterwlzeels and turbmes .

Waterwheels were used for many purposes other than corn
~ grindirig, even from quite sarly times as indicated in
/ Section 1.]. References can be found to the eventual use of
, waterwheels and’later turbines for nearly every industrial
/00 activity. Some examples of these are given in the following
hst

7

! »

Raw materials and basic processes i
(a) For winding from underground mines (see ﬁg 1 8,

page 4).* , .
S (b) For pumping water from underground mines (see -

fig 2.51a). o M , ’ ot
(¢) Driving fans to ventilate mi’nes (fig 2.51b). v
(d) Powenng hammers in'iron forges. (See ﬁg 1.5, Ppage 3)

(e) Working bellows for providing the blast 1n 1ron smeltmg
furnaces (See fig 1. 6, page 3). :

< (f) Operating stamps for crushmg ore (fig 2.52).

(g) ‘Cutting and pohslung marble {this was recorded i in
379 AD on the Rivér Ruwer a tnbutary of the River
Mosel in Germany) 3

~Farming and forestry : -

-(a) Driving barn machinery including threshmg machmes
turrup choppers, chaff cutters, butter- chums B

(b) Driving saw- rmlls (ﬁgs 7 .53-and 2.57).

Manufacturing : .
“-(a) Driving metal-working machinery, such as- cylmder-
boring machines (figs 2.54 and 2.55).

(b) Workmg the scouring runners and barrelhng equrpment w
" in needle-making (ﬁg 2.56). )

(c) Powering paper mllls (figs 2.57 and 2.58).
(d) Driving edge rollers in gunpowder m1lls

(e) Working | bark mills for grinding oak bark for use in
tanning hides.

' v‘(f) Powering machinery for textile manufacture.

ae1ghbourhood and also-with regard to general developmems
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i Fig 2.51 (a) Draining a mine in the sixteenth century, with an over-
. ‘shot waterwheel driving pumps to lift the water in two stages,
i (b ) Sixteenth centwy mine ventilation usznga Jan driven by a water-

wheel )
From De Re Metallica by Geoigius Agricola, 1556 >
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Fig 2,52 Qvergrown tin-stamps near St Ives, Cornwall. The waterwhecel has wooden spo.kes and casriron s/zrouds On the inside of these, the
cast guides for the wooden buckets indicqte that this was a high breast or pitch-back wheel, even though most of the buckets have rotted away.
A spur gear on the wheelshaft meshed with a slightly smaller gear on a éast-iron shaft. This is fitted with protruding cams wluch engage with the

tappets on each of the eight verttcal stems, P Izﬁzng and dropping the heads onto the ore placed at the bottom of the stamps -
=)

[

Fig 2.53 A circular saw )
driven by a waterwheel in the
maintenance department of ce
the Cooperative Wholésale
Society’s fellmongering - -
department, on the River
Nene east of Northampton.
Since the waterwheel rotates
comparitively slowly, it is
necessary to obtain a great
increase in speed at the saw.
if this is to function properly. -,
On the waterwheeFshaft is. ¢ 5.
large gear which meshes with
a much smaller pinion on the
shaft carrying the large belt
wheel, The belt drives a
smaller pulley on the counter-
shaft just off the top Ieft of
the picture. The final dnve is
fromalarge pulley on the
counter shaft to a smaller one
on the shaft carrying the
circular saw. Thus there are

_ three stages o f increasing
speed

A

v




e fig 2,54 An ovérshyot warerwheel, one of severil used for driving
machinery and blowers for the cupola at Sara’s Foundry just off the
by-pass to thefwest of Redruth in Cornwall, Note the high wooden

launder bringing the warer to the top of the w;mel ¢ .

" Fig 2.55 Inside the machine shop of SaPa's Foundrv, showing the
overhead line-shafting driven by the waterwheel and the belt drives

down to the individual machines 4 |

Fig'2:56 The crankshaft at the .
Forge Mill, Reddirch. The drive:

from the watenwheel is through-a
large gear-wheel in the right back-
ground. The connecting rods from
the-cranks drive rocking frames

{on both the left and the right of

the crankshaft) operating further .
~.“Connecting rods to give recipro- -
cating-horizontal motion to the »
runners. Under these were placed

the bundles of needles together

with fine abrasive, all wrapped in
heavy grade of sacking, in order

‘to scour the needles

£y

. . \
Fig 257 Close-up of the'first . .,
'srage of gearing for rhe sawmill
‘in fig 2.53, showing double
helical gearing, vohich is unusual
for'a watermill but is probably a
relic of the former use of this -
mill for paper mgking s

4 v




Fig 2.58 A sixteenth century paper mill in which rotied rags and simitlar cellulose material were placed in the water filled troughs (called

o mortars’) and mdceraied into pulp by a number uf iron-tipped wooden stumps actuated by trips on a shaft driven by an undersior m{\{(;r-
wheel After beaiing, the stufy was placed swith water in a vat kept likewarm and agitated by a pole. The vavian s seen removing a wr’/i»
mesh bottomed mowld afier its immersion it the var. A series af shakes remuoved the water and caused the fibres of pulp.te intertwine. The
matted layer formed g sheet of paper which was when from the mould and laid with other sheets alternately witi sheers of woollen felr.
This pile was pm"undcfr asereve press 1o squeese oidymost of the water. The sheets were finallv hung on horse-hair covered lines 1., dny owr
unstdh, by Octedus de Strada. ¢ 1662

s

From Kunstliche Abriss, gller Fandr Wes




(2) Operatmg fulhng stocks in the manufacture of woollen v (a):a natural water supply 5, o f

5 cloths (See fig 2.59.) . ' : = : (b) water wluch has had energy g1ven to it from another
' (h) Powermg maclunery in brewenes ; : j . source. "; : :
‘ Transport ; s ' N (a) Usinga na(wal water supply ;
(a) Purnprng water into canals (fig 2.60}. ‘ o The flop -jack. This was used in the West Country to lift -
“(b) Winding boats.up inclined planes: . . B " small quantities of water and operates throu h the balance
B : ) " # of a lever being upset by water flowing 1nto/a receptacle

on one end of it. (See fig 2.64. ) As the lever tilts, the
water flows out of the container SO that the lever returns

T rade and commerce
Many Warehouses and-docksule cranés used hydrauhc
motors (see ] page 80) but not waterwheels or turbmes
supphed from a natural source of water.

)

Other services
(@) Dnvmv pumps for water supply (ﬁg 2 63)

(b) Hydro-electric schemes both for private estates zmd. '
for public supply.-The latter is now the main- way in ",
which waterpower is utilized (ﬁgs 2.61 and 2 62).

Other ways of using w'ater energy
Other uses of waterpower can be categorized into those
utilizing: . ‘ b L poo- =

e

Fig 2. 59 Fullmg stocks at Otterburn Tweed Mllls Northumberland,
driven by a water turbine. Both stocks aré supported in the upper  Fig 2.61 A sinall overshot waterwheel driving reczpracatmq pumps atr
position for cloth to be put in the ‘box’ immediately behind the : Nantellan, near Grampound Cornwall

wooden.cask. In use, the two stocks would be lifted and allowed to
fall alrernately: the rappets for the left-hand stock are on the near
side of the toothed tappet wheel and two.are visible at approximately
_the rwo .0 clock and ten o 'clock positions. The other stock is
operzzted by tappets on the farside.of the toothed wheel, and one can
be seen ar the twelve o'clock poSition. Note the steel striker plates;
with upturned ends, where the stock comes into con?act wztll the
“tappets

pit wheel wllh broad

L : working beams rim containing 208

'parallcl motion:
. and linkage

water pipes 10

s o delivery

alr\r

vessel

— coupled breast

two lift and forc?

pumps
sump v
>
- gear for operating depressin
. ‘.f;uiccs P Basp . Fig262 Morwc/[ham generating station of the Central Electricity
Generating Board. This is on the Devon sideof the River Tamar and
‘Fig 2.60 Waterwheel driving pumps at aaverton Pumpmg Station obtains approximately 20000 m? of water per hour from the disused
; on the Kennet and Avon Canal ,, : s e Tavistock canal via the pipe which crosses in front of the bottom -
o Drawing by courtesy. of Dr C T.G Boucher SR Ieft of the buzldmg : : '

7




Fig 263 Inside Morwellham generating station showing one of the

two generating sets. The imjpulse turbine was constructed by Gilbert

"Gilkes-and-Gordon 10-work with 76 m head of water ar 428 revjmin

giving 350k VA from ‘the Crompion Parkinson alternator (lefr

background). The Turgo turbine is within the circular casing in the

upper-centre of the picture.~The water-comes.onto the wheel through

the. ulrved pipe in the left foregmund Speed control is by the

governor {on extrene ugh[ of picture, within the wire ‘cage’) and -
| the linkages-to-the-arrangement{left) on the curved inler pipe adjust- ———

' ingthe posirion of the spear within the nozzle

to its initial position until the ruuplaclc again LOl'ltd]l'IS
enough water to upset it. Attached to the other end of

~ the lever is a connection to the plunger of a reciprocating
pump which is thus worked by the oscillations of the
lever. A working model of a flop-jack is shown in

- fig 2. 65. -

The hydraz‘zli(‘ ram pump..This 1s another device for
“lifting water, and is first recorded as the invention of ‘ S o »

- Mr Whitehurst of Derby in 17 72, but the Frenchman Fig 2.65 Working model of a flop-jack made by pupils ,ofHayle‘

IM Montﬁolﬁer is also attributed with its invention in  ° Counry Secondary School, Cornwall. With the receptacle on the
1779. It came into general uséiduring the second quarter—" rocking arm empty, the weight on the other end of the arm
of the nineteenth century. (The pnnuple of operatlon AN depresses that end. As water runs inro the receptacle, the latter

descendslifting the weight and the pump piston on the other
. side of the fulcrum. A stop has been provided on the right of

1/1(’ vertical support to prevent T 1e arm rotatin ast the point

Orf opening the Splll valve, the head ot watu» in the feed pp p 4 s b P
| where the wezg/zr Nas suffzc:em moment 1o reiurn the arm to

tank forces the water along the dfive pipe into the-body of the initial position .
the pump and out through the splll YdIVL (also referred to '
as 4'beat valve, pulse valve, or waste’ 'valve). After a short .
interval of time the velocity of the water flow reachesa - B ” T
valuie sufficient to close thisvalve. The flow immediately .=

lllustrdtcd by fig 3 66.)

stops'and the momentum of the water is convertéd to an
impulsive force which acts on the inside of the pump - H
(ie similar to ‘water-hammer’, which occurs insa plpc i ) H cistern
when 4 stop cock is turned off suddenly). s I H
L ) vertical lift H .
. B oy E
‘!-, E delivery v
K b pipe
N 3 H
: ‘ air chamber 3
; | Hl =
~ S ¥
waorking fatl —
| .
. ) X feed tank = !;‘ spill valve \\\\’\delivcry -
. to plunger in pump ) , - valve
v ’ 4 ’ / *, ¢
e ¢ L pump body B
3 H .
Fig 2.64 Flop-jack ; Fig 2.66 Hydraulic ram pump .
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TI is forc.e opjens the dehmxlalmn¢pusl1uubn1p of

1e; water | into the air champer: The reﬂected shock
wave “subsequent to'the sudden closure of the splll
valve, causes a slightrecoil of the water m the drive
plpC so momentarily decreasing the pressure in the
body of the pump. (A demonsrmtlon model is shown in

I‘gs767and”68) '

This causes the délivery valve to close and at the same
time causes the spill valve to open sim;e the atmospheric
pressure abovesit is in-excess of the reduced préssure in
, jthe body of the pump. The water begins to flow through -
this valve again and-the whole cycle of operations is
repeated Since the only outlet from the air chamber

“is the delivery pipe, ea(_h Lyde causes a small amount of
water fo be forced up'to-the storage tank, with the air
in the chamber servmo as a cushjon to stabxllze the flow.

In pl’authC the air chambers ofhvdrauhc ram pumps

care’'fitted with a snift valve which admits air into the

‘body of the pump each time the internal pressure falls
below that of the atmosphere, ie at each pulse. The
purpose of this is to ensure that the air chamber always
has a'sufficient amount of air to give adequate-cushiening
to the heavy hydraulic blokﬁ caused by the'sudden closing
of-the spill valve. Without the snift valve, the air in' the

~ghamber would gradually decrease as the water’entering

‘under pressure on each stroke absorbs a small quantity.

3 Since a school-built hydratlic ram pump will usually
only be worked. for short penods the snift-valve is not
essennal

Many hydraulic tam pumps are still in use (see fig 2.69),
mainly raising water from a stream to a farm to provide a
general water supplv including drmkmo water for animals,

""but only rarely for domestic drinking wz‘m—tcrt,hx latter—-—
3

filters have to be fitted.

: 9'
" Since the hy drduhc ram isione of the simplest of water
machines, it isa very suitabfe subject fora workmg, model.
Successfui operation will depend on:

(a) The working fall: a feed tank and drive pipe must
be provlded and not a direct connection from a
pressure source suchasa tap to the ram body.

(b) The Ienvth of the drive pxpe
(c) The bore 0of the drive pipe.

(d) The aperture at the spﬂl va]ve

(L) The lencrth of travel of the spill valve (it is adwsable '
to.make thJS ad)ustable) = : SR i

Watel pressure engines. These were eenerally smu]ar to

“wereciprocating steam -engines,. having distributing valves= --7. = -

(for reoulatmo_ he supply and dischargé of the water)
which were operated by the engine itself, which, once
set in motion, contmued unnl it was SIO])pLd by cutting
off Ihe supply of water. ,
Water Iifis. The simp]est kind of water lift consisted of,
-.a strong vertical frame, supporting darge pulleys at the
top. Over these passed chains, their ends on one side

being attached to a.cage to-contain-whatever was to be
lifted. (See fig 2.73). FE ot

The cage moved between vertical guides and strong
c#fthes were provided 10 hold the cage at the higher
or lower platforms as required. The other ends of the

. Fig2.67 A demomtratmn model of h ydraulic ram made by

" Blakes of Accrington. Water supplv is from the left, the

. perforated cup is at the spill valve and the water lifred is ttern from
the flanged outlet on the right of the air vessel : !
-‘Photo by courtesy of John Blake Lid )

~

. . .
Fig 2.68 The same model, partially dismantled to show the other
valve
Photo by courtesy of John Blike Ltd . §

Fig 2.69 Blakes Hyvdram (right) at work on a farm ar Duncote, near
the 45, Tuwcestcr Northamptonshire. A disused hydraulic ram bv
another nzaker is on r/ze left L o
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Fzg 2.70 4 demonstratzon model lzydraullc ram made by.T G Jones S E
Ssand S Longstaff of the Education Unit, Lanchester Palvtechnic This . X !

was made of Perspex to.enable the water flows to-be observed. The ) =

water i supphed from the left and water is seen passing through the

. Fig 2.73 Water lift

i chains were atfached to a water ‘bucket’, having a

! valve in the bottom opening upwards, for discharging
“the water. Sometimes this valve was made self-acting

: by having its spindle projecting down below the

! bottom of the bucket so that at the bottom of the

i descent the spindle struck the floor and opened the ‘.
Lvalve. A-reservoir-and- spout -were provided to ﬁll

the bucket when at the upper level. The valve an’
the spout was in some cases also made sclf- acting; . »
‘ :by causing it to be opened by g weighted lever bemw

3 lifted by the edge of the bucket as it reached the

top of its:ascent; held up until the bucket was full,
andthen droppmg to closg the valve as the bucket
began its. dﬁscent

. ’ .
1The weight of the unloaded cage was slightly in excess of
that of the empty bucket, and the weight of the full "

i L . e R bucket was slightly in excess of that of the loaded cage.
Fig 2.71 " Alan Windhaber of Portsmouth ‘Technical High School, with !

a hydraulic ram made whilst-he was working in tlzg Education Unit, . ‘Where loads had to be moved both'yp and down, two
. Lanchestar Polyrechnic; This utilizes standard plastics:water pipe
‘cages were used, each fitted with a container for water

- fittings for the main body of the pump. When supplied with a head of &

0.3m through al2m long supply pzpe [hzs ram can easzly lift waeter jand connected” by wire ropes or chains passing over
,,,,, 10.2.4 m above o ‘ ~pulleys at the top. Sufficient water was run into the

container of the cage at the upper level td ;enablt: )

- the garth’s gravitational pull 'on ti#s combined mass
to pull up thelower cage also, with its container empty of
‘water. When the descending cage reached the bottom
“I'the water was discharged, whilst at the same time-

water was run into the othercage now at the top,

“so'that the cages were again able.to.change:places....... .
én the two levels: .. " . I

' This is the principle of operation of water lifts used for

carrying passengers up and down cliffs at coastal resorts

— for example, between Lynton and Lynmouth — and

also for inland locatlons such as Brldnnort h. (See figs 2 74
N

and 2.75.) .

‘(b) Using artificial water supplies . ;
The smoathness and steadiness of motion of waterpowered’
machinery, together with reqmrements]for considerable
amounts of power for short durations dnd at long intervals,
sometimés led to the equipment being used with the flow
ancr head of water produced art:flcn ly, for example by

¥

&0 ) .




' top car 13Lm5 on{
‘water .

TEServoir

Fig 2.75
Lynmouth

Wa(grv 'lifts, such as those used for raising barrows of iron
ore, limestone, and coke for feeding into the top of old
types of:blast furnace, were served by storage tanks into

“which the water was raised by a pump worked by a steam

engine. During the interyvals when the'lift was 5tandmg
idle, the steam engine was still storing energy by pumping
water into the tank. Thus the energy required by the lift

so faf-as the expenditure of energy of the steam engine
was concerned, over the whole twenty-four hours. This

: c‘ould‘be achieved by a far smaller engine than that
Tequired fo lift the load directly.

80

working for a total of a few hours each day was distributed,

Fig 2.76 One of the large Ivdraulic morors used ro lift the bascules
of Tower Bridge, London. These /mve been in use since the bridge was
opened in 1874

Some companies were established to supply hydraulic
power which they produced in steam pumping stations
and distributed in hydraulic mains to the users. 1

Nowadays, so-called hydraulic transmissions on vehicles
and machines use oil as the working fluid. A great hmny
types of hydraulic motors are produced but on the unit 1
twin spindle milling machine of the System 24 machines

- produced by the Molins Machine Company Ltd -of High

‘Wycombe, small Pelton wheel turbines are used (fig 2.77).
These provide compact power forthe machine spindles
and have an additional advantage that the flow of
hydraulic oil is used for heat transfer: the“ oil from the
turbine retumns to a heat exchanger in the'hydraulic
power pack before being circulated back to the turbine
undeér presgure. . . P

}
Wat‘erpowér and other sources of energy
In earlier ti,mes, waterpower was used because it was onc
of the easiést sources to harness to, provided mechanical
energy. Subsequently we find many other energy sources
bcmn utilizdd, for example wind, to. provide mechanical
_power; buriiiig of fossil fuels, to give heat (eg on domestic
‘fires, for cooking, for smeltingand treatment of metals
and other processing of'materfals, and to give power,

- either in-producing steam to power steam engines or

- turbines,.or:later to_burn in internal combustlon engines:
and nuclear fuels. .

W'bth the appreciatioh of the advantages of electrical trans-

- mlssxon power generation could be concentrated away

- from the user and conveniently transmitted to where it
was needed. This enabled waterpower resources in remote
-places to-be utilized.-The contribution of hydro-electric
generation to thetotal production of electricil energy is
shown by table 3 compiled from Basic Statistics of Energy
in-Statistical Bulletins of Organizationfor Fronomic
Cooperation and Development.,

-

The figures in tablé 3 show that although the consump-

tion of electrical energy increased by 190 per cent, the
proportlon produu\d by hydro-electric generation decreased
from 39 per cent to 275 per cent.

In this country, hydro-electric generation contributes a
very small proportion of the total energy consumed, as
shown in fig 2/;.78 wlich also shows the contribution of,

i
{ N




energy from water and
nuclear sources—

on‘therms

total energy consumed

: Fig IQ 78 En"grgy produced in the United Kingdom

T 1 T T T
1960 1961 51962 1963 1964 1965 1966

69.26
energy~lost in making it avaﬂable
. —._.to-final-users -
agrlcultura
( 50.53 / /
50—
3
=g
]
=
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(=)
(=]
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domestic

.

Fig 2.77 Pelton wheel~
turbine used on a twin
spindle milling machine
in the Molins System
24. The turbine uses
oil and gives a maximum
output of 11 kW at
24 000 rev/min. The oil
flow through the spear
valve (shown on right) is
0.16 m® ar 140 kgfem*
Photo by courtesy of
Molins Machine Company Ltd

BT35

56.75

T T f
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energy consumed by final users

Fig 2.79 Energy consumed in the United Kihgdom
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other sources of energy. Unfortunately, in utilizing the
energy some is lost in transforming it to a convenient
form for supply to the final user. For exaniple, there are
energy losses at-each transformation of enérgy in burning
a fossil fuel to raise steam to powes turbines driving

- electrical generators which supply electrical energy via
transrmssmn lines to industrial and domestic users. Fig2.79
© shows the total energy consumed by final users (indicating
:the losses from the total energy consumed on the previous
figure). It also shows the consumption by-the-main -
categories of user.: - '

;'Since the démand for energy is always increasing, and
" consuming the reserves of fossil fuels; it seems-that :
éventually it will be 1mp0551ble to supply the! energy .
:equ1red unless: .

i mankmd makes more effectwe use. of the available
eneray Fesources, and

-

-2 the energy at presént being obtained from fossil’ fuels
is obtained from other sources, such as waterpower.

’ : " Tahle 3 /
Year : Total electric energy Hydro energy ..
’ " produced " produced
- {billion kWhours) - (million kW hours)
1950 769.1 297.6
1951 856.5 3234 .
1952 - 915 ;34317
1953 s L 996.6 . 350
1954 1066.3 371.3
1955 ©1201.7. 3939,
1956 . 1307.7 4217
1957 : - 1377.3 439 4
‘1958 14242 483.2
1959 « 15525 +493.4
- 1960 1684.1 536
1964 22209 608.1- !
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< - Miller (present or last k&gown): ‘

2.11 WATERMILL SURVEY QUESTIONNAIRE

1. Schedule .

Name of mill: Near:

\

Parish: | County:

Ordnance Surve;/ g>id refe’fehces:

\

River or tributary: .\

\

Name and ‘address of owner

Occupier of site (if not rﬁH]er):

\ -

2 Site - \ ’

z":%; How is the mill supplied with water:

:6;{) on a natural watercourse?’
(%a) by a miIl-;Soncl" ;

(c) how long-is the mill- race or leat"

Approx1mate area:

(d) where does the leat leave the natural
water course? ‘

What are the by-pass arrangements for
diverting excess water”
How does water flow away from the mlll
(a) type of tail-race?

. (b) length of tail-race?

(c) where does the tail-race rejoin the )
fffnétura] watercourse?

5
1f the mill is s_Ltuated by a pubhc road,-to where does;
this lead” e R . s
From 1O oo i ie e

If not on a public foad:

(aj'with which public road does
the track from the mill connect?

(b) how far is the mill from a public road?

(¢) what public right(s) of way
is/are there to the mill?’

" ~Are there outl;ui]dings on the site (egkstables)? -

3-Mill house - : : ' .
YES/NO )

Does the mill house adjom the mill?.
If YES, what connections are there
between the mill and mill house?
If NO, what 1s the position of the

. mill house in relation to the m111'7 ’

Detalls of mill- house

number of storeys

materials of constructions;
walls:
roof:

special features:
;

dates or inscriptioiis:




“-and equipment are on each.floor) %‘

. framework:

- Posmon of datestones etc.

: 5 Water power ‘
“Is mill equipped with waterwheel(s) and/or turbine? . o

4 Mill stritciure s

 Walls: , SRl

. materials: £ G < special features:

_Floors: PR L
number: mater?zf/ls:

means of support:
(It is useful to make a sketch show1%hlch machmes
Roof: - o =
, deSigxl/shape;
“covering materials: .

. Lucam' 8 S A .
; posmon : E i matenals
: Structural alteratlons since date of erectlon : =
: Datestones or other mscrlptlons . »‘;’- PR a2

o

1If equlpped with waterwheel(s),
_ number of wheels:

type of wheel:
undershot/poncelet/low breast/breast/hlgh breast/
pitch- back/overshot

Located 1nternal/extemal to bu11dmg
Protectlon afforded. coveged/partly covered/eg;po

Size of wheel: © &
S odiametero o

Arms (or spokes):

L® - numbers v type/section
: “method of fixing to wheelshaft compass arm/clasp- -
arm/other R : :
’Braced/unbraced wheel:
Rims: - ; e
material: dep'th:
number of sections:.
" method of attaching ﬂoats or buckets
, Floats/buckets S
‘ number: © material:‘ e : -
' type: Ll Open/oloSed/venti]ated shaper.
*Inscription of wheel on.........ii iy :
. Position of inscription: .
" Wheelshaft: R
- section: i 5 B
cross-section dimensions: ’.""' length:
‘material: outer bearing: - pit bearing: -

Sluiee, or shut:

~type: - method of control:
'If eQuippeq wi,th a turbine: 8 . .
type: ‘maker: method of control:

position of control: “ - ‘diameter of driving shaft:

“What is the arrangerhen'tkoflthe transmission: -

. -. Material of teeth o .
~ Numberof teeth -~ 7| .

Overall diameter

 If layshaft arrangement: - - ) /

material:

Overall diameters

‘ Method of tl};owing ‘étone nuts out of gedr:

6. Transmission PR : e

How- are stones driven: underdrift/overdrift?

through upright main shaft/through®layshaft/others.........
(A sketch of the transmission arrangement is useful, ) :

* Pit-wheel: type (spur/bevel/other): .

_ construction:

: number of arms: fixing to wheelshaft:
overall diameter: “number of teeth:or cogs: =
material of teeth or cogs '

material:.

Ifupnght mam shaft arrangement L : RS

(@) Upnght shaft Bt DR

material: . ‘ -
section: cross-section dimensidns:
s length: -* ‘
“top ‘Bearin_gs: foot (thrust) bearing: - o
inscriptions: Lo S A

(b) Gears:"‘ A

7

Crown ~
wheel

Stone
nuts

. Great spur

Wallot;er
- wheel

' Material BURAN ‘ — - . - R 7

Construction
Fixing to shaft

Width of tegth

(a) Layshaft: s ‘ P ) [
' materiaf , S i _
diametér: | length: . S ‘ "
posmoﬁ of beanngs .

(b) Gears

Stqne
nuts

‘Bevel
gears on
Iayshaft

Intermediate gears
meshing with

pit wheel | pinion on

layshaft

Pinion on
layshaft

_Material ) : i -
" Construction- "

Fixing to shaft

‘Material of teeth L v
Number of teeth ' e A
Width of teeth * ‘ 1

r/ » ’ i #
| ;
B . |

Machine shaft: t
material: |
diameter: Co
position of bearingS'

- fength:

If driven from crown wheel (in uprlght main shaft arrange- \

-ment), plnlon on mdchlne shaft:

material: ‘
number of teeth or cogs:
overall diameters:]

i




ayshaft pulley takmg drive .

diameter: face wxdth:

: g
< Pulleys on machine shaft: . Bk
d : o N -

12| o3| 4] os

Machine being driven .. : : e AL L B g \7 ,‘65,;»;:\‘
Material ..o | B L DR R o : ' s : o iy
““‘Diameter . : G o i : ‘

-/ Consttuction \ o : o
" 'Fixing to shaft wiiipeericon || R | o . P

7 Mill-stones-. = P o - S B L
Number of pairs of stones: ' // e v B °‘/ = R
. -Type (or matenal) : A AT . L‘\ -~ SR i L — P
Outside diametér: 7 Diameter of eye on. ' R ' S e
"“Mounted on hurst;  YES/NO P ,
Balance welghts fitted-to runner stone YES/NO
Inscnptlons on stones

‘Stone covers:
‘material: . - shape - : } . (
“size, height: “diameter ot across ﬂats T e o - STl

.- - N | . “a .

@ . . B

L . Horse 7 Hopper i - Shoe-

" ‘Material . . : s oy a T . (\

|
|
[ Length | | ; , - T , \
|
|

Width »
Height .

IR &

1§ bell alarm fitted? SRR ' b | R

How is feed to stones controlled” . -

: Govemors ERE B

L eTyper © 7, How driven: - . Lo
“'Does governor control distance between stones or flow o S t
iof water onto wheel? (A sketch-of the levers and linkages- ' ’
i between governor and what it coritrols, is useful.) -

8Sackhotst s N T B - ; f ' s ' ;
‘Type _ | 0 A ; g . T . : '

o EMethod of engagmg/dlsengagmg ‘
1(It.is useful to sketch the arrangemen”t and also lfhe way ! ' R e R IR ' Pl 4 .
~i(pulleys in roof-etc) by which the hojst chain is' taken from * . : L ' IR

ithe hoist drum to the lucam of to above the trap doors © ' e
_din the mlll) L G S L N
E 9 Machmes { eg wire maclunes grain cleaners etc)’ ‘
CfFype:r o o R R N
Number: . o | | .
fHo.w driven:. e ST k ’ ) ' R Ll
1. ' . 1
$10 Auxiliagry pb{&er - :
iType: . ' ~Make: G Approx horse power or kW:
IHow is drive connected to the mlll-stqnes and other
ymachmery"

9
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. The demand for more power. in mneteenth century Britain
. was largely satisfied by ‘the use of steam engines, helped by

the avaﬂabﬂrty of. cheap coal. The situation:was very
different on the Continent, particularly in France where

" there were vast water‘power resources and it was in that
. country, early irvthe nin /teenth century, that the name .
: turbme originated (based on the Latin turbo: ‘1 spin’). At

first the term seems to have been generally applied to any

L vertlcal-shaft water—dnven ‘device; but in time *turbine’

| came to ggnify s
although it is drff' ult to give:a rigjd definition. The
, follo?vmg ist shows the normallyii

ething different from the waterwhegl,

ccepted differences be-
tween turbines and waterwheels:

‘Turbrnes occupy a much smaller space.

s Turblne< rotate at high speed so that often no 1nter~
medlate geamno is requlred

Sorﬁe turbmes (ig reactlon type) tan work under
water

Turblnes can be made towork equally well under large
: land small heads of water.

{Efﬁcrencxes of turbines- are much higher (m excess of 1

60 per'cent).

Turbines can be made to glve far greater power than is

practlcal with waterwheels : e

There are two main types of wat‘er turbine:

1 Reacnon Iurbuzes where the pressure (or. potentla])
energy in the. .water at the inlet is converted to v710c1ty
(orkinetic) energy as.the water flows overthe vénes of:
'the wheel or-‘runner’s All the water passages bf a reactlon
’ turbmerare full of watqr 2 s

2 Impulse turbities, where all the energy of the water is
converted into velocity before entering the wheel (by
emerging through a restriction such as a nozzle or guide
vanes). Tmpulse turbines run only ‘partially filled with
water. ' ‘

Some turbines are hybrids (or transition types) in-that they
work partly by impulse and partly by reaction.

1

3.1 EARLY TURBINES

Barker's Turbine

As early as 1740, Dr Robert Barker a member of the Royal
Society, had invented a reaction watcrpowcr device
There.is considerable doubt as to whether Barker's Mill (fig

3.1) was ever put to practical use because of its low power
@ o . NI :
output. However, a description of a mill at Norten, near

Gottingen; Germany, driven by a similar device concerved

o by T A Segner (and hence known as Segner wheels) was
established in 1750. Almost a hundred years elapsed before

the principle of the invention was effectively used in
Whitelaw’s ‘Scotch’ turbine (see page 87). However Bark
Mill gave mathematicians and scientists amost endless’s
for argument about the theory of its workmg The Sw155 #
mathematicians Leonhard Euler and his son Albert mvestl-
gated.its-action and claimed optlnn<t1cal]y that they had
discovered how ta make hydraulic reaction machines which -
were able to produce ‘the whole effect’ of which water was
capable. Because of some errors in their conclusxong, no
practical turbme resulted from their work

ri

Fourn eyron 's turbine

i Early in the nmeteenth century, the French Societé
d Encouragement pourl Industrie Nationale offered a

f

Flg 3] (a} The pnnczple afBarl.er 's mdl c1740,.(b) Barker s 171111 as nnprﬁved by M L’Abbe Pupil ¢ 1775. By m(roducmg the water-to the

_ rorating arm from underneath, it was possible to-use a head o f water mych greater than the /IL’Ighf of the rotating vertical tube in (a),

| c} Madem version.of Barker’s nulI as used for lawn spnnklers o
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- .prize of 6000 francs (about £250) to the inventor of a
“/'machine which could generate mch greater power than
‘the existing waterwheels. At that time, there were in France
“numerous examples of horizontal waterwheels which were
a considerable improvement on the primitive ‘Greek’ or
*Norse’ mills described earlier,(page 10) and were of two -
basic typés:,ro(ue volant, fig 3.2a, and rdue a curves fig-3.2b.

By this time the mathematical and scientific arguments had’
establisliéd that, to obtain maximum efficiency, the water
should enter the”whgﬁel;\i’ithoht any turbulence and leave
with only sufficient velocity to get it clear of the wheel.
Experiménting with this principle, Benoit Fourneyron built
an outward flow turbiné (the water entering-at.the centre
and fgs'caping at the*circuniference) with ‘a ring of stationary
guide varies, curved in the opposite direction“to the vanes of
the rotating wheel. The turbine was'erected at Pont sur.
1’Ognonin 1827 and Fourneyron won the 6000 franc prize.

His turbine is showr in fig 3.3. |

There seenis to have been some prejudice against
Fourneyron’s turbine, and it is not until 1834 that we find
- record of his next machine, to blow-an iron furraes, using
a fall of only 18 cm to give 5-6 kW at efficiencies varying
between 65-70 per cent. After this, his turbines were built T
to work on larger falls between 19 m and 43 m. In 1837
. he installed a 42 kW turbine, with a runner-only 0.4 m e )
diameter rotating at over 2000 rév/ min to.drive a spinning
mill.:Subsequently; he built a great number of turbines of . :
this ty,pe for. many parts of the world. The design was used - ] R o
in the USA and was the basis of the-turbines designed by ° Fig 3.3 Fourneyron’s murbine built on the outward flow principle ’

From On the power of water to turn mills, by J Glynn,"1853

]

\.



Mo erhams Cullen and ‘made- by Mr McAdam of Belfast,
———one-of which, with-a head of 14 m, was claimed to give 93kW
with an efficienty .of 92 per cent. It is generally considered
that the Foumeyron-type turbine could achieve efficiencies
of:up to 75 per cent with a head of water of anything from
0.3to-105 m, but only when dehvenng full power. -

A contemporary account ,of'a"i‘Fourneyron turbine at work
~expressed ‘surprise that the small wheel did-not burst in the
~spiral masses of water which.rushed from it and threatened
- to destroy -the surrounding walls’. In 1844 Boyden, having
‘realized that these ‘spirals’ were Was'tinu a lot of energy.
which could be giving more power, improved the efﬁcrency
by about'6 per cent by addifie a diffuser. This was an
_annular casing around the out51de circumference of the
wheel. This casing had a cross section increasing towards_

“ the outlet so that some of the kinetic energy of the water
leaving was converted into pressure energy, so increasing
““the effective head In the USA% the Fourneyron-type
machme was usually known as ihe Boyden turbine.

‘@ N N . i
Whitelaw's Scotch turbine '

Earlienin 1839, James Wlutelaw had patented another out:
ward-flow reaction turbine wliich was an improved versron/ :
: of Barker s M].ll (ﬁg 3. 4)

~xIn Whrtelaw S rmproved version, the arms were bent to an
"Sshape followmU an Archimedian spiral such that, when
“the turbine was rotatmv at the speed fo.give the hrahest
“efficiency, the water flowed outward in a straight path. The
water flowed into the arms from undemmeath, as shown in

fig 3 4, with the followmg advantages

The weight of the rotatmg parts could be arAyged to
balance the hydrauhc upthrust (and to av01d1ng trouble“_m
with thrust bearings): '

Far greater heads could be utilized than if the water was
delivered into a central tube, as wrth the original Barker 5.
mill. | i

J

‘ Whitelaw also provided his turbirle with an effective method

of governing. To each end of the rotating arm were frtted B
movable deflector plates: These were held cléar of the -

orifices by means of springs. Each plate had a weight attached
to it, and.if the speed.rose too high he centnfugal force-on-

the weight aqvercame the force exerted by the spring and the ™

deflector moved across the orifice, so reducing the effect of
the jet, and the speed would decrease.. Whitelaw’s first tur-

" bine was installed at Nethercralg near.Paisley and developed

qnly a few horse power, but the second, at Greenock in
1840, developed 45 kW at 90 rev/min when working under a
head of 9 m. The cost was given as £500 compared with
£1700 for a conventional waterwheﬁe] of the same power. .

The efficiency claimed was 83 per cent, but this was chal4
lenged from America where, in 1830, a Mr Calvin Wing was
supposed to have made a turbine almost identical to that d}f
Whitelaw, giving an efficiency-about the same as that of an
undershot waterwheel. It seems that W]utelaw s turbine was

- a mediocre, even if interesting, design, and “hat the number

built in the next fifteeen years ar so was a tribute to the %
character'and sa]esmanshlp of its-inventor rather than to ’
tHe effectiveness of the turhme

The outward-flow turbine has two major drsadvantages

CUTts mherently unstable (as the water fiows otrﬂvards it*
enters regions of sutcessively increasing volume).

It is difficult {0 govern (to keep a constant speed) parti-
cularly when not fully loaded. .

»
|
|
|




3.2 OTHER TURBINE DEVELOPMENTS .
This led to the development of turbines using axial flows
~and inward flows. Poncelet proposed an inward-flow radial
"‘:turbme in 1826°but tlhie type did not become practical
“until twelve-years later in l\ew York (see Samuel Howd -
next column): In 837 l-len;;chel proposed an axial flow :
urbine and was followed by the Jonval turbme of ]843 and

down through a ﬁxed wheel of curved blades on-to
e moving blades of the ‘propeller’ below (The term-<pro--———-——

tion of 1851, and this type was the forerunner of the modern
propeller turblne and the subsequent Kaplan turbme — see
page 93y ’ i

At this time, the sko—calle!l~ tub-wheel was in use in America.
This was virtually a Norse-type waterwheel, éompletely o ]
surrounded at its periphery with a ‘tub’. The wheel:was ‘ ) ! o ¥
placed at the bottom of this and the water entered at the - o
-top.. By ﬁttmcr it with a cover containing guide passages,
the tub-wheel bécame essentlally a Jonval*turbine:

“'“",ITl_tlTése axial flow' machines it was possible to-divide the

1. stationary.‘wheel’ into concentric compartments, so that -
for speed regulatlon at low speeds:the compartments could
function separately The Jonval turbine was well suited to

~the conditions of large quantities of water under low or
'medlum heads that were then being explcnted in Europe ‘

" Centre vent turbmes .
In 1838 Samuel B Howd of New York State took outd

- patent for an inward flow turbine (usually referred to
-nowadays as a ‘centre vent’ turbine). It was obviously
designed.for cheapness, with guide.vanes.ofwopd-and-no—- .. —.

provision for speed regulation. I B Francis in 1849, intro- ..
diiced a modified form by carefully designing the -
stationary guide vanes and the runner blades to givé shock-
less entry to the runner and minimum velocity in the water
leaving it. See fig 3.7. -

;
/

. Fig 3.5 Fromont turbine, with-2 m diameter, fixed, upper wheel, and
giving 40 kW. The governor (upper left) controls, through gearings,
rings, and rods, the positioi of the sliices in the openmgs in the fixed
wheel of rhe turbme o , /
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Vo#tex turbine : .
Almost at the same time, James Thomson (prolessor of
engineering at Queen’s College —now Belfast University)

~introduced his vortex rurbing, for which he was granted a
patent in-Decembér 1850. This turbine (sec figs 3.8 and”
3.9) had'many novel features; most of which have bgen
incorporated in designs of turbines produced during the

. -following hundred years. _ :

The fe_.a'tu.res included:

1 Movable guide blades to maintain a good efficiency with
flows of water miich smaller than that for which the tur-
bine was designed. The guide blades were pivoted near
their inner énds so that they were approximately in '

- balance. The pivots were extended.through the casing._..
and coupled together so that all the guide vanes could be
‘adjusted together. This adjustment-was effécted either by
hand or by an automatic govefnor. Later, the whole

arrangement of ﬁivd“ced guide vanes became known as-a
. wicket gate. See fig 3.10.

y . A
Fig 3.9 Thomson turbine Wwirh casing.apart and arranged toshovw™

e the four curved guide vanes. which can-be-turned-simultaneously by

‘s the linkages seen cutside the casing on the right. The water flowed
into the turbine rhrough the opeping ar the top and out of tlﬁe angled.
discharge pipe on the left. The drive shaft, from the multi-bladed
runner in the centre-of-the picture, is carried berween the links on
the right of the turbine.

“Photo by courtesy of Gilbert Gilkes and Gordon 1td ..

s Fig 3.8 Thomson vortex turbin
temporary illustration :

e. (a) Principle of operation, (b) cop-
i From Gilbert Gilks and Co Ltd calalogué, c 1895 :

Fig 3‘.] 0 4 later form of the Thomson turbiine wi

th anumber of
movable guide vanes of aerofoil shape i

3
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e 2 A spiral casing to maintain-a umform ve10c1ty of water

/ '

/. . i &

wheel dlameter to increase the speed, and a greater depth

passing between ‘the guide blades (because of manufacturing. of runner with a smaller number of vanes extending nearerto

difficulties the cases were usually circular W1th the wheel
posmoned off ‘centre away from ‘the mlet so gwmg a
: pdrtlal compromlse between a mrcu]ar and spiral desTn).

- 3 “Thedouble dlscharge arrangement virtually eliminated”
[ _end thrust which-always- caused difficulty until effectlve
x o thrust bearmgs Were mvented E— o

The first vortex turbine was bmlt in 1852 to drive a beetling
mill in a hnén mill at Dunadry, County Antrim. Tt was found
that the design’was readily adaptable | for a wide range of
. heads, from 9~135 m. Numbers of these turbines were built —
439 by the Kendal firm of Williamson Bros between 1856
cand 1881, .

The dlsadvantage of the vortex turbme was that it ran
eads; and too fast when small powers__
were requlred on hlgh heads So for low heads it was re-
placed by low-fall higher specific-speed, inward- flow turbines
‘based on the demgns of J B Francis.

szed ﬂow turbine ’ ‘ v
- Thesturbine as ongmally construeted by Francis was a true
radial inward- flow wheel with fixed guide vanes. After dis-
charge from the wheel or ‘runner’, the water was turned to
. ,‘.,ﬂow away axially: The runner had 4 compdratively smalI
... depth with a large number of vanes which necessitated a .
wheel of rather large diameter and low speed to obtain. .
“sufficient power. Subsequent developmentsled to-a reduced

1 ‘r';‘j-:t

runner

) ~
adjustable guide :
‘blades

. the centre of the wheel so that the water was discharged

more axially ‘as it left the runner. Thus was. evolved the -
mixed-flow or ‘American’ type of wheel (flg 3.11). There
were numerous patented vanatlons some with adjustable

) - guide blades, such as-the ‘River’ patent. turbine produced by

Joseph Armfield of Rlngwood Hampslure The compdny
=-continues-to-trade as-Armifield Engineeting Limited. See ¢
ﬁg 3.12. These reaction turbines ran full of water and the

“entire machine was always placed below the level of the

supply water. At first they were also placed below the tail-

water level but it was found more convenient, for inspection

and maintena ce, ‘o have the machine above this level. The
water was then discharged from the turbine by a pipé T
known as a suction or draft tube, the lower end of

Wthh is submerged in.the tail-race water. It was found-that-— —
by making the.draft tube in. the shape ofa chVergenLcone e
the velocity of the water to the tail-race was decreased and

the performance of the turbine was 1mproved.

Girard turbine :
When high heads were encountered, impylse turbines were
addpted. Zuppinger, in 1846, developed such an impulse ‘,'
~wheel, and Schwamkrug proposed another design in 1850 ’

These were followed by the 1mpulse turbine mtroduced by

" "Pike Serard about 1850 (see’ figs 3.13 and 3.14). Tt was o
made in either the horizontal or vertical-shaft form, and the

water wds admitted through one or more jets to the ihside

of a wheel similar to that of a Fourneyron turbine. These tur-

- bines were used,exrtensiv_elry in highwhe.adf_developmen’tsfhp R Vo

N

Fz‘g 3.13 Gzrard rurbme as shown inan advertzsement by Gilbert .

(yzlkes and - Co Ltd 3 ]895 s 5 ™

in-flow pipe” )\
adjustable gatesio -\

N
nozzles
control flow !

Fig 3| (12 The runner for a mixed-flow turbine.  The water is guided
_onto:the sides of the runner and leaves from the bottom oft.
“Coungsy of Armfleld Engmeermg Ltd b

thﬂ 14 Prmc:ple omezrd turbine o ot ‘,"




-

P

the end of the nineteenth century. The first Girard to be
“manufactured in Britain was a 430 kW machine at Greenock, )

installed in 1881, and which ran until 1950. This was

probably the United Kingdom’s most powerful water
\'turbine until well into the twentieth century.

\Pelton wheel =~ ‘ :
\About 1870 another type of impulse turbine, the Pelton
wheel, was developed through observation of an accident
t\c\) a waterwheel working in the Californian gold field. High

- pressure jets were used for mining and also for developing
power by directing the jets onto crude waterwheels with
flat blades. This was as inefficient as the early undershot
waterwheels, and efficiency was improved by fitting curved
buckefs. It is said that one day, instead -of the full force of .
theset hitting the centre of the buckets, the’ Jet became
accidently directed onto the side of the!wheel, striking one

edad ch bucket and being discharged at the other Fig 3.16 Peltun wheel with cut-mvay casing 10 show the double

hd . . ; - . hemispherical cups forming the buckets, and the cus-away on each
To everyone's surprise the wheel picked up in speed and bucket, ensuring that they-do narqnte/fere with the water jet until
power, but with the dlsadvantage of side thrust along the | they are virtually perpendicular (o ”,, ) o0

wheelshaft. After a good deal of trial and error, Lester

Pelton evolved the central partition bucket wluch he
patenteMBO (fig 3.15). The full effect’ 'of the change

of momentum of the water was not at fifst achieved be-

cause the following bucket interfered with the jet to the -
bucket on the radius perpendicular to/the line of action of
the jet. This was overcome by using ¢llipsoidal cut-away
blickets patented by Abner Doble ih 1899. With the
vaddition of:a spear‘or'needle nozzle the Pelton wheel of
‘today was evolved (figs-3.16 and 3.\1 7.

b

Fig 3.17 Anothe{r view of the Pelton wheel with cur-away casing

Fig 3.15 Pelron wheel, Sh'gpg of buckets showii at top left ™ / ~et s eshowing; left; t/ze section-through the nozzle witl 'the spear inside.
3 : I . The flow of water onto the buckets may be regulated by moving the..
T ! ‘ s / spear backwards orfmwards inside the nozzle, so altenlzg the gap
. - benween.the tapered sides of the spear and the onﬁcc’ it rhe nozzle
° ~a

Y




3.3 HYDRO- ELECTRIC APPLICATIONS ’
All-of these early turbine installations were employed to

S drive maclunery either Hiféctly, or. by mechanical trans-
missions such as gearing or belts’ and pulleys. Industries .-
desirous of using power from water had to be situated.close
by, or move 1o, the source ‘of power. In-1874, the Swiss
town of Schaffhausen on the Rhine established works on
.the river to obfained power for driving the machinery of the

: ‘g;{anufactu'rers in the neighbourhood. About 1 MW was
- “2gbtained from turbines and the power was distributed to

-~ the workshops by a costly system of pulleys and wire rope
drives. Several other towns tried thls system without a
. great deal of success. '

W1t11 the de\?elopment of the electnc mcandescent Tamp,
people ‘began to look around for convefient sources of .
power for driving the dynamos. 11876, waterpower was
utilized in a direct current lighting system comprising
arc ilamps, each supplied by separate generating sets, illumi-
natihg the caves and-a kiosk at the Castle Linderhof in Up'per
Bavaria. The first electrical generating instal]ations in. -
Britain were driven by steam engines; although in 1880
Sir William Armstrong installed a 7 kW Thomson turbine at

g Crag51de Rothbury, Northumberland, to drive by belt a

his home. The following year electricity was supplied at
Godalming from a-hydre-electric installation. In 1884 a

Trust where it drove two dynamos for lighting part of the
téwn. This is considered to b¢ 6ne of the earliest municipal
hydro-electric schemes in the country. The first hydro-
electric plant in the USA ‘was at Appleton, Wisconsin, in
1882,‘ and:in the same year the city of Lausanne, Switzerland,
‘was prov1ded with lighting current from generators powered
by a 120kW turbine.

At this time there were.limitations to the distﬁhce over
which power could be transmitted by-electrical methods,

““discharge at lower level, the watér to be used as the owner

90 V dynamo supplying current for Swan lamps illuminating . turbine owner to sink his own turbine pit.

___Girard ifipulse turbine-was supplied to'the Greenock Water

and in 1882, when it was planhed to obtain about 4 MW
“from the waters of the Rhone at Geneva, Sw1tzerland the
. ‘decision was taken to effect the transmission of power by
. hydrauhc methods. When thé system was inaugurated in -

1886, seventeen turbines (of a planned eighteen) each of

224 kW drove pumps to supply water at pressure through a

system of water pipes {which put end to end would be .
140km long) to give powerfor industrial purposes and for
working small private turbines. *

However, it was tiie a’d?ént of altemating current electrical

- transmission systems which,really made it possible for

electricity generated by waterpower to be utilised a
considerable distance away. In 1895 the first really large
hydro-electric 1nsta11atlon came into operatlon at N1agara
Falls, following -p(roposals to hamess the large waterpower
potential at th1s site: Prior to this date, the standard
American method of utilizing a large amount of water-
power was to distribute the water-tothe “several consumers
by means of a system of head-races with facilities for its

or lessee saw fit, often in small turbines. This arrangement -~ -
needed a large continuous body of land suitably ]ocated to
take the head-races and tail-taces, and alsé for each pnvate

At Niagara, apart from one large owner (The Niagara Falls
Paper Company) the demand for power from the individuz_a]
was unlikely to justify sinking a turbine pit for each of them,
and this was the incentive for the Niagara Falls Power
Company to instal a row of turbines in a single spot, and to
transmit and distribute the power by electricity. See fig -

fig 3.18.

W\Hereas the paper company installed Jonval turbines, the
power company'started operations with three outward flow
turbines each capable of producing in excess of 3.7 MW and
coupled by vertical shafts to generators with a termmal

¢

5000 370 kW turbmes

. ‘92‘; -

= ’Flg 3: ]8 Secnanal elevanan of the power Trouse and wheel “pitof the Nlagara Falls Povver Co, 1o éoritain ter 370 Aw ‘eleciric generators and ten -

From “The harnessing ‘of ngnrd Cassier's Magazine, 1899
4.
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thrblnes, one being set inverted and vertically over the other.
$0 as to neutralize the forces on the foot bearirig. The fall =
from the surfice of the upper water to the centre between -
the upper and lower wheels was 10.8 m and the wheels dis-
“‘charged 130 m®- per second; rotating at 250 rev/min, At

75 per cent efficiency they gave 3,7 MW. These thrée turbines -

were built by I P Morris of Philadelphia to the designs of -

- Fagsch and Piccard of Geneva, Switzerland. -

e

~The reason for the adoption of a European design was that
in‘America it was very unusual for:a turbine to be built to
order since the volume of trade was such that manufacturers
built:for'stock. The types available had resulted from
thorough testing and, improvement by trial and error. In
general the Amerrcan bu1lders shunned high falls, except

~belt. and pulley transmrssron system to the generators 45 m
above (this posmon was to avoid excavating extra rock to

" ‘accommodate the generators —3.5m dlameter 3 S'm high,

close’to the turbines). On the other hand, European manu-
facturers usually burlt to order, thelr désigns being based
on calculations, andfoften for lugh heads

+

The power developed was transmrttgd up to 30km and was
used to drive machmery in mills'and factories, to operate .
street railways, to su,f)ply hghtrng by arc and incandescent
lamps for electrolytlc purposes, “and fqr heating.

The success of -the Nragara Falls 1nsta11at10n showed that it

was no longer necessary to generate power close to the con-
~sumer and that it was now possible to utilize some of the .
-vast waterpower resources in remote areas. In the Alpine

. regions of France, Germany, Italy, and Switzerland, it was

often possible to use the water resources by dlvertlng the
water through a pipe or tunnel :

In other places, despite adequate water supply and suitable
mountams or other elevations'to produce the fall, a con-

- “siderable amount of civil engmeenng is involved, including

. the building of huge dams, to ensure that both the necessary
«flow and-head of water are ‘available to ‘drive the turbines
atall times and ih ‘all seasons: Thus, although hydro-electric
“stationsin operatron do not involve fuel costs, they involve )

colossal expénditure in thelr constructron and in the

arrangements for transnusswn of'the power generated

- Kaplan turbine e
In 1913 Professor v Kaplan of Sweden patented a propeller
turbine for the utilization of low heads (see fig 3.19).

“_'*Ongmally this had fixed blades, butsoon afterwards he
introduced a version fitted with swivel blades by means of

*‘»'bir_;l_e. This has-pure axial flovs;, gener

which the angle could be varied under’the cﬁntrol ofa
..governgr whilst the turbine was Tunning. The angles of the.
inlet and ‘outlet vanes were adjustable without stopprngtthe
turbm }soat was possible to obtam an almost constant
efﬁcrency of 85-90: per.cent overa range from 30 per cent
]oad up to full load under 'comparatively low ‘heads; .
Although Kaplan invented the propeller turblne usually

- only the adjustable-blade typ@ runner is.called.a Kapl

~ blades \mthout an outside supportmg Tim
Kaplan turbine of 8.2 MW was:in seryi
--5.9-m diameter runnet. workmg w1th
(See ﬁg 3. 21 ) :

\Joltage of 2200 V:Each turbine consisted of two Fourneyron ‘_

e

ng 3.19 Principle of the Kaplan‘ turbine

)

Banki turbine
"An interesting deésign of turbine, which extracted energy

-“\from  moving waterin two stages, was produced in Hungary

by Dr Donat Banki in 1917. 1t derived its power from the
klnetrc energy of an- inward flow water jet. As shown in

fig 3.20, ‘the horizontal blades of the rotor were curved in
such a way as to direct the water: "

1 inwards and across the open cyhndrrcal space at the

L
centre onto the mner edges of the blades’ oh the ot/her
side, and | > / ,

2 outwards to the t‘ail:‘water. ‘ / ’

5\

" Despite its advantages of operating effi /ntly on a w1der
s

range of gate openings than'most turbifies, and of simplicity
and cheapness in manufacture, the d)eérgn had only limited
popudarity, mainly in Central Europe

t
“Tubilar turbine

In 1936, the first turbine comblned with a generator was
constructed. This type, known as the tubular turbine, has a
generator enshroudlng the runner (or rotating part) of the

© turbine::the generator rotor.and the blades on the runner

“. form a wheel in which the runner bladbs are the spokes

o
N

L

level- of tajl-water -t




! 21 The kaner for a Kaplan tirbine being lowered inteor posivic
weighs approximately 350 tomnes aned has wi diengdr of Lam:
when roradiat 8527 rev mieT aom

Rupidds benweend 1959 and 1964
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“Bulb turbine - . . completed in 195 They each give 34 MW at 92.3 rev/min
* Another type of combined turbin€ and generator i§ tije bulb . under a 25.m head as turbinds or, operated as pumps, take
turbine, fig 3.22, where4h€ generator is an extended hub of 41 MW to rleld 139 m3/s at23 m head. The Deriaz turbine

the Iturbme Although introduced for low capacmes by the runner 1s shown w1th blades open and closed i in figs 3.24
Swiss firm Escher-Wyss, high capacity bulb turbines have " -and 3.25: : “\; 1

been produced by many firms and are being developed for :

'the: tilization of tidal power. - ] ol

i
| .
l guide vanes
]

access shafts

. stator of generator T, rotor u?generarnr
v

Fig 53.22 Bulb turbine . T

) ) ~ . k ' Fig 3.24 Deriaz turbine runner assembly with b’ ades open. The
| 7 C ‘ ) S ,Complele -turbine. gives 80 MW ar 150 rev/min urfq{era head of 75 m.
'Derigz turhine ’ N . ) It is one of three erected by the former English\Electric Co Ltd for -

- the Valdecanas power station of the Hidroelectriga Espanola SA in
1In the mld 19505 the Deriaz turbine (fig 3. 7}) Wwas developed '1964. The units operate zn reverse as pumps, the no 1 unit takmg
topperate under variable heads up to about 180 mgivinga. - 80 MW to deliver 283 cm 3sat 72m )

flat ofﬁcwncy/load characteristic together with part gate . Phom by courtesy of GEC Turbine-generators Ltd
: stab" ty of-operation: The mixed-flow, ad]ustable-blade L 1."
Deriaz machme is a cross between the Francis and Kaplan :
turbmes and can be used as a straight turbine, a reversable
pump turbine, or an adjustable blade pumnp. Compared with .
the Kaplan turbine, the obquue mountmg of'the runner '
blades in the hub gives the Deriaz turbine greater rnechamcal
streng’ch and the blade shape is simpler. The generator design
. 18 more economlcal with the Deriaz turbine. On the other
'hand “the Deriaz i is considerably more expensive than an
equ1valent Francis design for the same heads and output and
‘its peak efficiency is’less than that of: the Francis machine,
“but! when operating under a wide range of heads the Deriaz
~has’ aneconomlc advantage

3
|
]

) adlustable guide
| . blades -
‘% adjustable blades on

. t’urbine runner

"The first application of the Deriaz turbine wag at the Sir

Ad?”P.BB‘Ek’ Niagara, Pump—generanng station of the Hydro- - Fig 3.25 The same Deriaz runner shown %n fig 3.24 but with the
Electric Power Commission of Ontario, where the first blades in the closed position . v
‘three units, designed to run both as pumps and turbines, were  Photo:by courtesy of GEC Turbine-generators Ltd o
; i L : . § - ¢ R .
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At the present time, several types of turbines ‘are construuted

depending on the head of water undm? which they are re-
quired to work: - - i o i .

.17 For low heads, s'..c‘!'\.} as encmn!crcf:l on run-of-river plants,
where a dam is erected across a rivey, the Kaplan tirbine
is favoured. Before. the 1930s this turbinewas restricted
to heads not'exceeding 15 m but much higher héads are
TIOW rezarded as acceptable. Even durmg the 1960s a
Kaplan-type machine was in use at Bort, France, operating
under a head of 69.m (and sbmetimes 80 m) witha
capacity. For variable heads up to about 180 m, the Deriaz
turbine may Have an economlc advarrtage over the Kap]an
and Francis turbines.

rotation of the wheel

rCounesy of Messrs Gllbert Gﬂkes & Gordon Ltd i

Fig 3. 26’ Parr-sectioned artist’s drawing of a ‘Gzlkes patent Turgo Impulse wheel where the nozzle is directed at an angle to the plane of

8]

For med1um heads, the Francis turbine* is used. Formerly

the range was between 15 m and 300 m but at the lower

-.end Kaplan turbines may now be used and it has been
suggested tlmt at heads of up to about 500 m (1700 ft) the.,

» Frincis turbine has a*definite advantage over the impulse-
type wheels. At Hemsil in-Nofway; two-Francis-turbines;—
each-of 316 MW, ‘work under a net head of 510m.

3 For very high heads, Pelton ahd Turgo wheels are used.

*In this country ‘Francis turbiiie’. is usell as a classification for wheels
recelvmg water under pressure in a radial inward direction and dis-
chargmg axially through the centre, having adjustable gu\de vanes.
Some of these Francis turbines have the guide blades in an open flume,
but others have them in a volute casing so that many of the features
of the ‘Thomson vortex turbine are included.
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