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ODUCTION

ter is becoming scarce because of increascd demand
quent 1o population growlh besides improved
standard and the existing constraints of limited

ie altention of rescarch workers Lo its quantity being
to flush water-closct bowls/pans which account
it 30 to 40 % of the totnl quantity requircd for domestic
Urposes in a waler supply system, This problem has
solved considernbly using available cflicient de-
of walcr-closct bowls/pans which have pood
hing even wilh a smaller quantity of water. No cx-
nental data s available on performance  of
can waler-closel desipns used in Indin with low
volumes. ‘This puper deseribes in bricl the follow-
experimental investigations carricd out  at the
tral Building Rescarch Inslitute, Roorkee,

1. Eflect of volume of flush waicr on the flushing
~elliciency of Luropean water-closet (EWC) bowl
patlerns 1 and 2 (conforming to IS 1 2550, Part
I1-1981).

LEfect of floor levels on the flushing clliciency of
EWC bowl (pattern 2) Mushed with 6.5 1 waler,

3, Effect of flow from upper lloors in drainage stack
- on the flushing efliciency of EWC bowl (pattern 2)
connected at ground floor. 1

LITERATURE REVIEW

Elushing eflicicncy of EWC patlern 1 bowls confor-
ming to Indian Standards* when coupled with high level
Cistern of 10 andl 15 1 capacity (bell type) and 15 1 capa-
City (siphonic type) has been reporled by Rao, of al,?
Without its conncction with drainage stack. They re-
Porled the flushing cfficiency of EWC pattern 2 bowl
Conforming to Indian Standardst coupled with high level
‘slcrn of 15/6 | capacity also, No information is, how-

IE(1) JOURNAL-EN, Yol 65, Junc 1985, page 106- (04 : J

Water used in flushing tollets can be conserved to a consideralle extent wsing avatlable offteient deslgns
af water-closcet bowls{pans which can be flushed well even with a smaller volume of water,
mation based on  experimental study is available on the performance of Luropean water-closet
designs in use in India, engineersfusers suspect that solids may not reach the municipal  sewer
through building drain if low flush volumes are used.
Slush volwme on the flushing cefficiency of Furopean water closet-bowls when not  connected  fo
a drainage stack and also when comnected at different floors of a drainage stack wnder various flow condi-

Stuce no infor-

This paper describes the effects of reduced

cver, aviilable about the effect of flush volume on the
{lushing cllicicney of EWC bow! (patterns | and 2) cou-
pled with low-level cistern. :

Test procedure recommended in IS : 2556 (Part 11—
[981 de not consider the water-closel Lo be connceled
with stack while testing and hence actunl field condi-
tions arc not simulated. In case of mullistoreyed buil-
dings, pressure fluctuations present throughout the
fength of stnck afTect their efliciency significantly. Guptn,
et al®, reported a test procedure in which ficld condi-
tions were simulated in an experimental mock-up. The
effect of stack flow at different floors on the flushing
eflicicncy of EWC patiern | bowl coupled with high-
level cistern wos studied. Studies regarding the Nushing
elliciency of BWC pattern | and 2 bowls coupled with
high-level cistern ol 10/6.5 1 at ground floor were ulso
pursucd. No infoermation is however availpble to pret
dict the floor level effcct on the flushing cflicicncy of
pattern 2 bow! coupled with low-level cistern of 6,51
capacity when there is no flow in the drainoge stack,
Lfeet of flow from upper floors in the stack on the cffi-
cicney of said combination of bowl and cistern, when
installed at ground floor of multistoreyed building, is
also not known.

EXPERIMENTAL SET-UI’ AND SCHEDULE OF
EXPERIMENTS i

EWC pattern | and 2 bowls conforming to 1S : 2556
(Purt ID-1981 connected  with low-level cistern (con-
forming 1o IS : 774-1971) were used to study the eflect
of flush volume on flushing cfliciency of respective bowls.
Height between the top of the bowl and the bottom of
the cistern was kept 205 mm in cnch case. Flush test
for waler-closel, described in IS : 2556 (Iart I1)-1981,
does not include the procedure for working out its
flushing cflicicney. It gives only the requirements which
are to be sutislicd by EWC bowl for ils ncceptance by
the user. However, for knowing the relative perfor-
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[ mance of different types ol bowls, it is necessary to work  the steady water flow varying from 15 I/m to 170 | o
fi out their flushing ‘efliciency, It wis, therefore, under-  which simulates the flow to the extent of permissiéi
taken to work out the flushing efliciency of cach howl as cupacity of’ stack, fe, 278 I/n.l. Permissible enpacit
ifLt suggested by Rao, ef ald, Test objects used were poly-  stuck is reached by discharging o single howi (hayin
f thene balls of 19 mm dinmeter and specilic gravily nd-  peak discharge rate : 108 1/m) nlongwith g steady ﬂov.s ;
Justed to 0.84 to mateh (hat of faeenl matter with the  of 170 I/m.
help of cork, .
A Initinlly flushing elliciency of bowl wasg de!ermincd

The water-closet (we) bowls (pattern 1 and 2 ) were  at each floor under a steady flow of 108 Ifm from Toof.
w fillecd with water to its normnl water seal and charged — of top floor which is equivalent to a penk dischar e of :
! with 50 und 25 polythene balls, respeetively (covering o we, Since maximum reduction in Nushing el]iciency
| its water surface nren) hefore operating the flushing  wns observed it ground floor, cnm'hnmtiqn of
[ cistern. After the flush was over, the number of balls  bow! and cistern was connected wilh main dl'ﬂinnge .
flushed out of the bowl were caleulated, Arithmetic  stack at this floor. “
i mean of 10 such readings was taken in each case. The
flushing efliciency of the bowl has been expressed as %
| the percentage of balls flushed out. Experiments were TEST RESULTS AND DISCUSSIONS
conducted with the flush volumes of 12.5, 10.0, 6.5 und
5.0 1, The quantity of flush was tdjusted by putting rub-

ber blocks inside’ the cistern Brrer or FrLysn Vorumit oN FrLusinNa Erriciency
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Flg 2 Effect of flush votume ont flushing efficlency of EWC bow] :

- .
. Lou"" Flushing efliciency of patterns | and 2 of EWC bowl
“‘.LL"————-—"I has been presented in Fig 2 for diffcrent flush volrmes -
At denenslonn n eantinatres— Which inclicates (1yny Mushing efliciency of hpth patterns
increnses with 1he increase in Mlush vnlunlc. The data
Fig 1 Diagrimmatte view of test ser up suggests that decreamental decrense in flushing efliciency
with an decreamental decrense in flush volume is more
in pattern 1 bowl than pattern 2. I the flush volume is
reduced from (01 (o 6.5 I, the decrease in Mushing efi-

An cight-storey test rig with provisions o instal clency of pattern 1 and 2 is about 1| and L.7%,
sanitary appliances at each floor around # 100 mm dia- respectively.
meter cast iron drainnge stack was uscd to study the . il
effect of floor levels on the flushing elliciency of RWC Although flushing eficiency of patiern 2 bowl appears
bowl (pnitern 2) with 6.5 | flush volume (Iig 1), Observa-  food even with 5.01 flush volume this quuntity hn.lsd'.m'
tions were taken using single stuck system of drainuge  Decn found suflicient (o (ransport the solids in bui ’"g ;
in which all the sanitary appliances discharge into g drain clllcrgnlly. Fhe flush volume ecannot be reduce
single soil and waste stack which itself serves the purpose  below 10 1in case ol patlern 1 howl beenuse acce{:{-
of vent also, At the foot of the stnck o 92.5" large bend  1able Sl Mlushing cficiency is 709 as suggeste
(radius : 0cm) was provided (o convey the dischurge DY Sobolevs,
at a distance of 10 m through the 160 mm diameter cust
iron pipe lnid at slope 1/60. Bowl was connecled with
stack at each floor o Study its performance against flu-
shing cfliciency. Test object and procedure to work out
the flushing clliciency were the same as in the first ¢x-
periment except thal the objects were collected at the

Thus 5% water can be conserved in each ﬂush.ing
operation when pattern 2 bowl is flushed with 6.5 1 ins-
tead of 101,

Erreer ov Durunnnr FrLoor LnveLs oN T FLUSIING

d ildi : : Erriciiney or EWC Bowi, (PATTERN 2) FLUSHED
ff:-lair?nfgg“slt!néai drain pipe (10 m from the centre of the WITIT 6.5 LitREs WATHR

The same experimental set-up, test objects and pro- ; : T oid 0 2 at-
cedure were used (o study the efieet of ow from upper Flushing elliciency fraction, I, of BWC boyl g
floors in drainage stack on the flushing cfliciency of  tern 2 with 6.5 | flush volume, at difierent floors of eight-
EWC bowl (pattern 2) with 6.5 1 flush volume connccted  storeyed test rig, were determined and have been pre-
at ground floor. Arrangements were made to provide scnted graphically in Fig . The observed data was fitted

2 ' 1E (1) Journal-EN
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= cxp (—0.015 po-vr2) (n

where, £ is flushing cllicicncy of EWC bowl at the floor
under consideration 3 2o, flushing clliciency of 1WC
powl at pround floor ; and £ serial number ol floor
(ground floor has been taken as zero).

~ Therc is reduction in flushing ¢flicieney ol bowl wilh
he increase in oor level, "The reason lor this reduction
vems Lo be that in single stuck system ol drainage when
ow flush volume is uscd therc are chances that solids
ushed from upper loors enler the cross-junciions of
Jower MMoors resulting in clliciency loss of the system.
‘On an average reduction in flushing clicieney is approxi-
Cmalely 1.4 9 per floor.

mer or Frow Frost Ureir Froors (N DRAINAGH
SrTack ON ‘I'it FrosiniNg Erscieney or BWC Bowai,
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 Fig 4 Relationship between flushing efficiency fraction and flow in
g stack

Flushh‘:g cllicicncy fraction (ff1) of EWC bowl pat-
tern 2 with 6.5 | flush volume, connected to the main
drainage stack, al pround floor of cight-storeyed (est
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rig were delermined under different rate of low in stack
(Fig4), The obscrved data was fitted by least square
method, The equation for the curve obtained was :

I
LR ny -1y QU7
75 exp(—1.754 X 10-%) Q )
where, I£ i:-; Mushing elliciency of EWC bowl under steady
flow conditions in the stack; £, flushing cfliciency of
EWC bow! under no llow condition in stack from top
floors 5 and @, sleady llow in stack, l/m.

There is reduction in flushing elliciency of we bowl
with the increase of flow in stack. This might be due
o increase of positive pressure, devéloped at the foot
of the stack, with the increase of Nlow. An examination
of the plot indicates that decrense in flushing efficicney
of BWC bowl is of the order of 9.5% under the flow in
stuck to the extent of its permissible capacity in single
stock system (permissible capacity of stock s renched
by discharging a single we having peak  discharge rate
108 1/m alongwith o steady flow of 170 Ifm).

CONCLUSIONS

I. Flushing elicicney ol pattern 2 bowl is better than
that of pattern I Tor any sclected flush volume,

2. Capacity of flushing cistern can be reduced to 6.5
I using pattern 2 bowl without significant reduction in
its Mushing c¢liciency.

3. Reduction in flushing elliciency of bowl when con-
neeted with drainage stack varics with the floor level
al which it is connected,

4. Deterioration in the Mushing ellicieney of bowl, con-
nected at pround floor with drainage stack of multi-
storcy building carrying discharge from upper floors,
chanpes with the flow inside the stuck,
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