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7.4.49 The 17th and 18th centuries

It appears that during the I7th and early |8th centuries only & few rich and
enterprising persons had water—closets built for chem, including Sir Francis Carew,
who had ao automaticallg flushing lavatory in his house at Beddington, Surrey,
described in 1678 as:(“®)

"... a pretty machine to cleanse an House of Office, viz. by a small stream of
water no bigger than one's finger, which ran into an engine made like a bit of
a fire-shovel, which hung upen its cenbre of gravity, se that when it was full
a considerable gquanticy of water fell down wich some force',

At Windsor Castle, Queen Anne (1702=14) is said to have had "a closet that leads ro
a litcle place with a seat of easement of marble and sluices of water to wash all
down'; cother stately homes followed suit:
"The water closet was at last in working existence. This was a primitive
apparatus made of marble, with a long handle attached ta a pleg which you
simply pulled up to release the contents of the vessel inte the D-trap — a
D-shaped container filled with water — which had another pipe lezding out from
the top of it, which of course was never emptied properly,' (5"

In France, J. ¥. Bloendel (1738) designed a water—-closet consisting of a marble
bowl, with a seat which could be covered with a lid. The bowl was rounded, and icts
base had a slight slope towards the discharge opening, which could be closed by a
plug. Two water taps were provided — one for flushing the bowl, and the other for
personal cleanliness,

Some years later, in 1775, Alexander Cummings, a Loncon watchmaker, patented a
closet which incorporazted an impertant advance — the use of a water seal to isolate
the bowl from the drain (Fig. 7.16). In addition to the seal, he z2lso used a sliding
plate at the base of the bowl to effect mechanical closure: this had the advantage
of retaining & quantity of water in the bowl after use. A single operating lever
worked both the mechanical valve and the flush., In Cummings' patent, an inlet pipe
in the bowl cleansed the lower pertion with a swirling jet of water.
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Fig. 7.16. Cunming's water=seal closet (1775).
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Soon after, in 1777, Thomas Prosser patented inventions relating'to controlling the
water flow.("*) These first patents were for so-called valve closets, similar to
Herington’'s much earlier invention, the essential feature of which was the pan with
an opening at the bottom sealed by a leather—faced valve; when flushing took place
a complicated arrangement of handle, lever and counterweights admitted water Lo the
bowl whilst temporarily removing the valve.

Bramah's closet of 1778, which was similar to Blondel's, bad a hinged outlet valve,
and when flushed it discharged its contents directly into a cesspool in the basement
or under the garden. A4 trap with water seal was patented in 1782, and before
Cumnings' siphon-trap became general, other types of seal were tried. In one
English example of the late I8th century, the bottom of the we bowl was clesed by a
pan containing water. After use, the coatents were discharged by tilcing the pan;
this action alsoc started the flush, which continued after the pan was returned to
its eripinal closed position, to reform the seal. The "valve-closet" used a water—
tight plate, operated by a lever, to close the bowl &nd retain water after
Eluahing.(2§) In the "pump~closet", devised by Downton in 1825, a pump opened the
closure plate upwards, and at the same time, flushing took place., It was claimed
that this design gave more secure closure than vertical or downward-opening valves.

4.0 19th century closets

In the 100 years afcer Cummings' invention, some 300 patents were taken out, but
there were few real advances in design. Nor was the we yet in cammon use. The
chamber-pot remained the favourite convenience. Soldiers fared no better —
perhaps worse — than the ordinary person, vide the [|BS57 Commissioners' report:

"What adds greatly to the discomfort of the men in barracks, and what tends to
increase the nuisance and vitiate the atwosphere of the barrack room is the
abominable practice of having an open wooden vessel or tub standing in each
room as a urinal, Why cannot that nuisance be removed, and what difficulcty
can possibly exist in forming in the corner of each room, a basin and flow
pipes, concealed and well ventilated, to carry off these pestilential odours?
[t may be partitioned off by a small air-tight door, from the room, and a small
stream of water with proper attention would always keep it sweet and clean."

The two closets most used in the 180G0's were Bramah's valve-closet” and the pan
closet introduced in 1796 by William Law (Fig. 7.17). The latter, says Hellyer:

"remains the most unsanitary closet in use. It is now condemned hy all
sanitarians and it is inhibited by the Local Government Board and the Lcc”(33)

but it was still exported to Russia. 1In use, waste matter is deposited in the
moveable pan below the bowl; operation of the lever starts the flush and empties
the pan into the receiver and thence into the trap and soil-pipe. The hopper
closet comprised a conical hopper only, liable to fouling, and regarded as cold=
fashioned and insanitary, though it seems to have been fairly widely used at the
time.

The earth closet, invented in 1860 py.Rev Henry Moule, and the pail closet, were
developed because of the lack of water supply and drainage networks. (52) But as these
faciiities became more generally available, the wc was further developed and its

use expanded. Variants of Cummings' design began to be made, in the second half

of the (9th century, in the USA, France and Germany,

» .

*By 1797, Bramah claimed te have made 6000 closets (Girouard).
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Fig. 7.17, Seccion of a pan-closet, (1796)

For outside use, the Berlin "Hofcloset" was usged in Germany. The spoil entered a
vertical pipe with the water seal |} m below ground level to prevent freezing. The
flushing valwve was located at the same depth, and any water remaining in the
flushing pipe discharged into the seal.

The wash-out znd the wash-down closets were designed in the later years of the 19th
century. In the former, & pool of water is retained in the bottom of the basin to
cover the stool; the whole contents are washed out by the flush, The wash-down
closet has sloping sides so that any waste falls immediately into the trap. The
solid matter receives the full force of the flush and is readily washed down and
out of the trap with ¢ litres of water,(3?) 1In the wash-out type, the force of the
flush is broken by che contents of the bowl. By 1900, the wash-ouL pattera was on
the wane, {47

The Vortex closet, designed by Hellyer in about 1890, had a larger water surface
than most other wash-down closets, and a water jet was used for flushing., It was
admitted to be difficult Lo ensure satisfsctary operation, One pattern of the time
had "seat action', On sitting, a little water was trickled over the basin surface
to wet it to prevent adhesion of solid macter; flushing was initiated on rising
from the seat,

Mann had designed a siphonic closet in about 1870, & different version — the
Dececo — had a double trap., This was followed by Jennings and Morley's siphonic
closet of 1892 (Fig. 7.18) which was claimed to overcome the occasional failure of
egarlier models to reform the water seal. The water from the cistern not only
flushed the bowl, but also initiated a siphon action which withdrew the contents of
the bowl into the soil-pipe. This closet was capable of working satisfactorily
with only 9 litres of water, v
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Fig, 7.8, Jemnings' 'closet of the cencury'(1892).

Hellyer considered it a great step forward when the seli-cleansing trap was first
used (sbout 1860), 1In 1890, he introduced the Anti-D anc § traps, to replace tha
older Bell .and D ctraps which could not be cleaned and were largely ineffecrive.

The new Hellyer traps were self-cleansing, and the small water content (1} litre)
and rounded waterways of the Anti~D trap ensured that the water was completely
changed at every flush, Experiments:by Carmichael (CB) and Wernick (Germany) in
|880-]1 showed the value of traps in excluding noxious smells from the dwelling,
Ventilation of traps was introduced by Hellyer in 1869=70; the need Lo do s¢ was
confirmed by Waring (US Beard of Health) in 1881 and by Bowditch and Philbrick (US)
in 1882. Hellyer himself had, & year or two before, experimented with various traps
to investigate loss of seal, He also carried out a serias of tests to determine
the performance of traps, and in particular the quantity of water required to clear
s0lid waste. One gallon was sufficient to remove the material {paper and rubber=—
tubing) from pis Anti-D trap; double this quantity was needed if the waste was
placed in the bowl of a valve~closet.
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A Boulton design of the late |9ch century bad a mechanical seal as well as the water
seal (just as Cummings' original design); an American we (Henry Huber of New York)
of the same period had a double hydraulic seal. Both these had flushing rims on the
bowl. The unreliability of mechanical seals was such, however, that the water trap
rapidly gained supremacy.

When we's were first introduced, flushing was done by allowing water to flow from a
cistern, the duration of the flush being determined by the time the handle was
pulled. This led, perhaps, to over use of waLer. 7To overcome this, the water-waste
preventer or flushing cistern was developed, giving a pre-determined volune of water
at each operation, It was first introduced by Cropper in 1872. The Frenchman, Bean,
and in Germany, Growe Co. made the first useable flushing cisterns with the wmodern
hell, in 1885,

Some London water companies had been trying Lo restrict the quantity of water used
in we's to § 1% - up to 40 1 had beer used — and the "Builder" thought this wes a
highly retrograde step, Professor H. Robinson recalled tests by the Sanltary
Institute in 1893, With a 9-1litre flush, 5% of the solid matter was left in the
trap, and 217 in a drain 50 ft long: with a 13}-1 flush, the corresponcing fipures
were 1% and 3%. Robinson himself proposed 133 1 but recognised that sometimes 9 1
were Suffxglent. The LCC decided to use a 134 1 flush, but in 1895, the Local
CGovernment Board (now Ministry of Health) refused to sancrtion the change from 9 to
13} 1. Nine litres eventually became the usual in Great Britain, though nowadays
dual flush cisterns, releasing only 64 1 for flushing liquid waste, are being
introduced.

Early models of we's were in cast iren, brass, lead or copper. In about 1800,
Twyford's began to make glazed earthenware bowls with flushing rims, and in 1885
T. W. Twyford made the first one-piece wash-out we (the "Unitas"™). 7The same Extm
later intvoduced vitreous china,

7.4.8 Some early 20th century systems

A curious and clearly insanitary arrangement was in use in some American schools
in the early years of the 20th century, It was the "dry-closet" system, not to be
confused with the earth-cleset, which was "unobjectionable on qan1raxs grounds"”,

The dry-closet system was used where no water supply was available.

The closet seats were located on the roof of a tumnel leading to an aspirating
chxmney, and each seat was provided with a cover intended to be kept closed when
not in us¢. Uripne was sometimes drained off, but the solid matter remained on the
floor of the tunnel, and gradually dried by the current of air that passed over it
to the chimney. At the end of the school term, the deposits were sacturated wich
kerosene and then destroyed by fire. The chimney was warmed either by the school
heacing apparatus or by a separate small fire, The system had several serious
objections. 1If, as was sometimes done, the chimney also served to exhaust air from
the school rooms, there was a risk of blow-back, and of foul air being driven into
the school. The draught was not always sufficient to ensure the entry of air iuto
the tunnel when all the seats were in use, or left uncovered, and some of then
iallowed foul air from the tunnel to enter the lavatory hlock. Further, the fecal
matter is reduced, in drying, to dust which is carried up the chimney and dispersed
inte the atmosphere,

N

*The Metropolis Water Act of 1871 legalised this action.
L
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"The dry closet system of heating and ventilating school housés is one of Lhe
worst disease breeders that can be devised in schoolhouse comstructian,"

Up to 50 years ago the pipework arrangement in most common use was the two-pipe
system, This system required separate discharge pipewerk for wc plans and for
waste [ittings, together with separate anti-giphon pipes for each. The materials
used were cast iron stacks with lead branches, or often lead pipework for the whole
system with the entire arrangement hung from the outside of the building. Although
a great deal of skill was required to install such systems then very quickly
deteriorated into spaghetti-like trays of sagping pipes,

The American one=pipe system for drawing in both soil and waste was introduced into
this country during the 1930's and soon became the norm for large commercial and
residential buildings. It combined scil and waste into one net of pipework
reducing the material quantity used. It had no great visual or technical advantages
over previous systems and the materials used were still cast iron or lead and, with
few exceptions, plumbing was still fixed externally,

7.4.7 Goil pipes

Of equal importance to the waterseal trap on sanitary fitctings is the 'disconnection’
of the house drain from the sewer or cesspool, and the substitution of self-cleansing
traps for valve-flaps (which gave imperfect sealing ageinst sewer gases), Anti-
siphon ventilation of the soil-pipe trap seems to have been first practised by
Hellyer in about 1872,

Heliyer thought that soil-pipes should be only just large enough to carry the
discharga, for otherwise they are not adequately cleansed by use. He preferred
lead to lead-caulked cast—iron pipes; stoneware pipes were rare =nd unsatisfactory.
The top of the pipe was first vented to atmosphere in about 1830; the bottem should
also be open to the air, for example by & vented trap,

Practice in Paris was "a disgrace to any civilised country", though it was improving.
The 8-in (200-mm) soil-pipe emptied into a "tinette" to screen the solids and allow
only the lxquld waste to enter the sewer, The tinette was changed every three days
Bath- and rain-water were discharged into a separzte trzpped drain to the sewer. 5

Except for the introduction of thin-wall copper tube as an alternative to lead,
plumbing systems were not significantly changed until 1950, when the B. R. 8.
published bulletin No. 48/4% "Principles of single stack plumbing". This was the
first research into methods for reducing the complexity of plumbing anti-syphonage
arrangements. It started 3 line of continuous development which has resulted in the
51mp11fxed pipework arrangements in use today, The tall buildings which have become
commen since the early sixties gave added impetus to plumbing development, leading
to more compact and economical arrangements, with quicker installation methods and
iead pipe has been finally supplanted by copper tube, The 1962 Building Regulations
for the first time prohibited the use of external plumbing pipework except for
rainwater pipes. This meant that plumbing now had to be housed inside the building
and therefore had to be designed and integrated in the same fashion as the other
building services. ¢ 1

PVC came into use in 1958 and although originally used for low cost housing, it was
quickly adopted by the industry and by local authorities for all classes of work,
Now it is probably the most widely used plumbing material because it is cheaper to
produce and qum;cer to install than its metal counterparts.
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7.5 DOMESTIC HOT WATER SUPPLY

There is lictle in the literature to suggest any significant technical advance in
methods of providing hot water for washing until the 19ch century (Fig. 7.19). Most
people then, as many still do today, obtained their hol water from pans and kettles
on the fire. The original kitchen range had, at the side of the fire, a boiler
which had to be filled by hand, and was provided with a tap to draw off the hot
water.

Fig, 7.19. lst ceatury 4,0, water heater.

Picard illustrates a solid=fuel water heater which stovod in the bathrocm, to heat
the bath water dircetly by gravity circulacien through flow and ceturn pipes
plumbed directly into the bath. The heater itself consisted of a cylindrical water
jacket surrounding the combustion space (Fig: 7.20). Joly devised a method using
the flue pases from a cooking range. The gdses passed round a large water vessel

before entering the chimney. When bot, the water was withdrawn through a tap over
tha bath,

A combination wster heater and cooKing oven, again using solid fuel, was said by
Picard("%) to pe widely used in France. He condemned it as unhygienic, even

dangevous, because of the possibility of the escape of fumes inte the kitchen
(Fig. 7.21). =
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Fig. 7.20, Solid-fuel water heater and bath(1897).

QS

7y

N
N5~ (o piean =< “

v, .

Fig, 7.21, Combination water heater and cooking range(1897),

Piped hot water supplies were introduced in about 1835,

Both independent boilers
and ranges were used.

Dye was a keen supporter of the independent boiler, for in
1847 he referred to the controversy betwezn the protagonists of the two methods:

"Many people suppose that the kitchen range fire heats the boiler behind it by
means of heat which would otherwise be wasted; and consequently an independent
boiler with its separate fire must of course burn an additional quantity of

fuel... . Thistidea is however totally wrong... it can be said with the utmos
truth no extra fuel is consumed."

357
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The earliest form of piped installation was the "tank" system, in which the boiler
flow and return pipes are connected to a storage tank. The draw~off pipes are all
connected to the main flow pipe, on the assumption that het flow water would emerge.
Dye showed that this was a fallacy, and that the water from the taps was a mixture
of flow water and water from the tank. By 1897, the tank system had been almost
entirely superseded by the cylinder system, which is still in use,

Dye was well aware of the large heat losses which can occur with long circulating

and draw-off pipes, and he advocated placing the cylinder as close as possible to
the boiler.

The Corporation of Birmingham adopted by-laws in May 1887 governing the installation
of "bath apparatus". The requirements included: (36

"1. For the supply of baths a cold-water cistern, containing at least 270 1
must be provided.

2, The same 270-1 cistern may be used to supply a hot-water apparatus, but
the cold water supply to the bath must in that case be connected to the
cistern at a point not below one half the depth of the cistern.

3. The feed cistern to the hot water circulating cistern or apparatus must be
fixed at a lower level than the bottom of the said cold water cistern. Or
when the hot water apparatus is carried out upon the cylinder system, the
bottom of the aforesaid 270-1 cold water cistern may be connected directly
to the hot water cylinder, but all the hot water draw-off pipes must be
connected at or above the top of the hot water cylinder."

(Few towns required the provision of separate feed and cold-water cisterns.)

Jones illustrates an adaptation of the Perkins' system for hot water supply, which
he used in 1884 (Fig. 7.22). Indirect cylinders were also used in hard water areas,
and Jones designed a storage boiler incorporating primary and secondary cylinders
for the same purpose (Fig. 7.23). Raynes would not use indirect cylinders except
in hard water areas, because they were more expensive, and less responsive, than
the simple direct cylinder. He mentions also a mixed cylinder—tank system which
was claimed to give a better service at the high draw-offpoints, A 135-1 cylinder
was proposed, to allow one bath to be taken,

During the years 1902-4, A. Sayers, a lecturer in plumbing at the Municipal Technical
Institute in Belfast, carried out a careful series of experiments on hot water
systems, 51) These were designed partly as a means of instruction, but they yielded
a number of valuable results, He used the cylinder system, with a 100 1 cylinder
and a gas—fired boiler (gas rate, 2.5 m3/h). He measured water temperatures over
time at various points in the system; he investigated the position of the flow
connection to the cylinder, the arrangements of the draw-off pipes and of cold

feed, and the effect of dips in return and flow pipes. He found that the

primary flow connection should be at the extreme top of the cylinder, and the

latter should be vertical to encourage stratification. The cold feed should be

at the bottom and directed downwards to discourage mixing. In the secondary
circulation, the return can be of small diameter to minimise water movement.

The back boiler and the independent boiler remained the principal means of obtaining
hot water in British households until the spread of central heating in the 1960's.
The back boiler was commoner in the North, owing partly to the lower cost of coal,
and partly to the concessionary céal given to miners. The independent coke boiler
was almost entirely confined to Southern England, where its use was encouraged by

the gas companies to provide a market for their surplus coke.
k3
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Fig, 7,22, Indirect hot water supply from high pressure
coil in kitchen range(1884).

505 =] ‘3’.“’~€§-‘:- S I: =g
! P et et \ -
j i || s T

[ 4 1. TN eee—

Fig. 7.23. Twin heater (patent) for indirect hot water
supply (19G4).
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A& gas geyser was invented by B. W. Maugham in 1865, and appliances of this kingd,
giving instant hot water, found use in dwellings where there was a piped supply of
cold watér only, or in cases where an intermittent supply was satisfactory, as
when the occupants are away from nome all éay. An early alternative was the gas
¢irculater, to supplement or replace the boiler of a sterage system: these were
availabie at the beginning of the century, All these appliances, and gas—fired
storage sets, were scill in use in the 1950's.

The electric immersion heater made its appearance at the turn of the century, but
its general use depended on the availabilicy of mains supplies., It was widely used
prior to World Wer II as an adjunct to solid fuel systems, to be used in summer
instead of the boiler, Although "once~through" instantaneous electric water—
heaters have been constructed, the immersion heater in a storage vessel holds its
position, not least because it can mzke use of cheap "off-peak! energy.
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