aL
o

380
Z| =
T

m] ]

Influence of Pressure Reducing Valves on Flow Characteristics of the
Water Supply System for an Apartment Complex

Z ez A & A
Kim, Tae Jin Cha, Dong Jin
Abstract

Pressure distribution in the water supply system of an apartment complex consisting of 12 buildings and

635 units in total have been investigated numerically. The complex incorporates two zone booster pump

system, and around a half of units have pressure reducing valves (PRVs) in them. Calculated hydrostatic

pressure without the water flow were compared with their designed and measured counterparts, and they

agreed quite well with each other. Then, the pressure and volumetric water flow rate at all units were

analyzed, indicating that there are noticeable differences in pressure and flow rate in one unit to another,

although the aforementioned minimization technologies of pressure deviation were employed. In order to

further reduce the difference in the water flow rate, it is suggested that all the units in the complex have

PRVs installed in their water supply system.

The effect of setting pressure of the PRVs on the

non-uniformity of the flow in each unit and on the reduction of total water supply for the apartment
complex have been studied. With the same PRV setting pressure of 3.952 bar (or the gauge pressure of

3.0 kgf/cmz), it has been estimated that the suggested system improves the non-uniformity (the coefficient

of variation) of the flow rate of apartment complex over the current system, from 8.02% to 6.66%, and
reduces the total water supply, from 0.02804 m*/s to 0.02766 m*/s.
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I 1. Architectural summary of a model apartment complex 3. 1 &
investigated in this study
i Lot 40,720 FTETYEd AXE F5AE WY 1AY FF sl
Area, m* Building 7,387 XS 98] EAF AW (method of characteristics)(4,5) 4
: Total floor 1217-080 4329 Flowmaster7&(3,6) &&3dt) 7280z =
Location Daejeon © - = Y, = M T w1 =
No. of buildings 12 T RE AYXFHF BHE YA BE ALY AA F
80 m” 156 Aol e, aeln d9shy BAA 5o 149 #
No. of units with 125 177 B AMgge] o §Hy, AAEACEE A& vt
different unit area 152 m~ 236 _
204 m> 66 oF o] Hx A H EFF AY 2SS QL&A
Total no. of units 635
M HG
s ..TKJd 2o FE D C
63BA =2 FAE Q3 FFEAe BAEHEE A5y ey . ‘ Sy et {7
Ae ARG AN 12N Fos ARHE B I S I . S
AEL A 1% TGl AAH §Fue £a 2% . Lih o
o] FHAsEez dAd. AN E AsAF2(498 P T ) l S W= BF
E 2t ASE 2 138 FREHFZA (T 4d)o] = = S == 14F
EEEREY R -1 Al w .
7 wEe 5 Aus, 9 AdE WA @) e - |l =
U, AW @A dEder AN s e Sl e e EF
10759 35 AL oz Jedt <ag 1 F2> 1 SRV o SN . WP SV
Zo|q 9Z71 A= AEE FFAEC, 1054 175714 - B T W
= 128 FEAR0 F54E Busy 77 ggnow - BN oF
FTREG 38 45T AolF nas) A9 JoHow e oF
B2 AU 3952 bar(A17] 43 3 kgy/em’)7h o3 11 - 8F
& Zolt PRV(YPRC-SLIZE)E At 191ol 48} . # A I S ——
A, (|
e FEFUAA JALE THE FFEAEY & L ] '9 e ol GF
Z32S 9 A8siA =<2 Flowmaster7(3) #=E B e [ ﬂ_‘— g ym—=—@  SF
S FASY R, EHOR 110754 B Brgo] 19 : RN | el = o 4F
l@olth(fel 11715 2 7 53 /A4S ddstes 3 . N | O
FuAA TS AHBAY v %27, 2™ 1) 2 (o« . [ ; <
ZvZy PRVZE AXHAY(el, 175 (F) SA), AR5 A B S s s 2F
gre(d, 72E) $EAU Ade FEAES degum - ‘Qvf;jﬂ e aE
At} '
HRPol A= F 6054719 HEAETL AHEHAL 7} '! 6
AEXVEES A8 wE(node) & 53067 o). F& i } = < Emm
st AXAEE MAWstd v 2rh FAEHPZA 2 - . —_ Mmain pipe
o] H¥X AXVEE AFE P uFEo=2 AEdn (a)
Zb Algie] duede] ofHe dAs A= 7HA s H G
dEY AXGDEES 7 Adnit(d], C, 2¥ 1) X3 G
029 e BREe pASE s aasR(d, 9 e LER ER B
oD % J), BEREF), BK), AFAHL), E&)2M) k- M S
FEIE] RF HAEUES AREStal J&e Hola gl P.Inlet  Piped PRV Angle VIV DL Pipe2 P.Discharge
th. PRVE B3 #ATUES 464 o} A 5 AE b)
HE — AlelA(G), AEE M), 223 W Zetolln . 5 " 5 "
(DS A7 =2 Awstel ALgatgith PRV 449 .- Y - I
- HEZD HEVES T FdevHE o] &3t WA P.Inlet  Pipel Ang‘le_VN DL Pipe2  P.Discharge
stAth F7HEQd fFeAES TAAT= oiEd (c)
(Discrete Loss, DL) AXWE(E, N %2 O)F A&t T2l 1. Flowmaster7 network (a) for Bldg. 1107, (b) for a unit

Ay A%E Fdstek

24

with PRV (at 17F), and (c) for a unit without PRV (at 7F).
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I 2. Comparison of designed and calculated hydrostatic
pressures for Bldg. 1107.

Pressure, bar
Zone | Floor oy T | AP(-Pu—Pe) | AP/Pa. %
1 6.16 | 593 0.23 3.71
2 589 | 5.68 0.21 3.63
3 563 | 542 0.21 3.71
4 536 | 5.16 0.20 3.81
Lower 5 510 | 491 0.19 3.72
6 483 | 4.65 0.18 3.82
7 457 | 4.40 0.17 3.72
8 431 | 4.14 0.17 3.84
9 404 | 3.89 0.15 3.72
10 5.27 | 5.07 0.20 3.73
11 5.00 | 4.81 0.19 3.83
12 474 | 4.56 0.18 3.73
Upper 13 447 | 4.30 0.17 3.84
14 | 421 | 405 0.16 373
15 394 | 3719 0.15 3.86
16 3.66 | 352 0.14 3.77
17 337 | 3.24 0.13 3.96
Pavg 474 | 4.56 - -
Pga 0.78 | 0.75 - -
Pitd/Pave, % 0.16 | 0.17 - -

Y Designed values at a few units were compared with their
corresponding measured ones, and both of them agree
with the average difference of about 7%.
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X (Pge) 2 AR (Pey =
AHRy, 29E AAsG oy A FH FEAE &
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1IF), {4 AFFE 211 bar(1102% 18F)& eyt
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F(F 635A T F 3214 ).
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7}
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I 3. Estimated water flow rates of 185

units of the apartment complex investigated.

Building Volume flow rate(x10* m®/s)
Zone QuQug %
Floor 1101 1102 1103 1104 1105 1106 1107 1108 1109 1110 1111 1112 Qave Qusid
1 0450 0450 0451 | 0451 | 0450 | 0450 | 0450 | 0451 | 0.450 | 0.000 011
2 0450 | 0450 | 0450 | 0451 | 0450 | 0451 | 0451 | 0450 | 0451 | 0450 | 0450 | 0451 | 0450 | 0.000 011
3 0501 | 0515 | 0450 | 0451 | 0450 | 0451 | 0451 | 0450 | 0451 | 0451 | 0451 | 0506 | 0469 | 0.027 534
4 0483 | 0498 | 0494 | 052 | 0450 | 0522 | 0451 | 0451 | 0451 | 0500 | 0503 | 0448 | 0480 | 0.026 533
Lower 5 0465 | 0430 | 0476 | 0505 | 049 | 0505 | 0451 | 0506 | 0499 | 0482 | 0485 | 0470 | 0484 | 0017 343
6 0446 | 0461 | 0457 | 0487 | 0481 | 0487 | 0451 | 0488 | 0481 | 0464 | 0467 | 0451 | 0467 | 0016 349
7 0425 | 0442 | 0437 | 0469 | 0463 | 0469 | 0450 | 0470 | 0463 | 0444 | 0448 | 0431 | 0443 | 0016 360
3 0404 | 0421 | 0416 | 0449 | 0443 | 0.449 | 0482 | 0450 | 0443 | 0426 | 0427 | 0410 | 0431 | 0.020 475
9 0382 | 0400 | 039 | 0429 | 0423 | 0429 | 0463 | 0430 | 0423 | 0403 | 0406 | 0.388 | 0410 | 0021 521
10 0451 | 0451 | 0451 | 0450 | 0450 | 0450 | 0.451 | 0451 | 0450 | 0451 | 0451 | 0451 | 0451 | 0.000 010
11 0450 | 0448 | 0451 | 0450 | 0450 | 0450 | 0451 | 0451 | 0451 | 0451 | 0451 | 0451 | 0450 | 0.001 0.20
12 0437 | 0431 | 0446 | 0450 | 0450 | 0450 | 0451 | 0451 | 0451 | 0450 | 0451 | 0438 | 0445 | 0007 161
13 0417 | 0410 | 0428 | 0450 | 0449 | 0450 | 0451 | 0451 | 0451 | 0437 | 0445 | 0418 | 0435 | 0016 366
Upper 14 03% | 0388 | 0407 | 0439 | 0434 | 0439 | 0450 | 0445 | 0440 | 0417 | 0427 | 03% | 0419 | 0022 517
15 0372 | 0365 | 0335 | 0419 | 0413 | 0419 | 0450 | 0426 | 0420 | 03% 0374 | 039 | 0.026 643
16 0.381 03% 03% | 0434 0377 | 003 925
17 0.308 0372 0372 | 0412 035 | 0045 | 1265
18 0276 0276 | 0000
Quvg 0434 | 0419 | 0440 | 0449 | 0450 | 0449 | 0450 | 0455 | 0452 | 0445 | 0451 | 0436 | 0442
Qua 0037 | 0063 | 0020 | 0037 | 0021 | 0037 | 0013 | 0.020 | 0019 | 0027 | 0024 | 0.034 003
QuQug % 861 | 1497 | 665 | 822 | 457 | 82 | 299 | 442 | 430 | 613 | 527 | 71 802
¥ Data obtained from units of a single line of each building.
F¢ BHUdEUt vnA wa o Bl E AL 2 & sl F5 BERUEE 8.02%CA 6.66%= 1.36% 7Hadl
F5AE FES Aoy 43 28 AT Aot E Aoz Yeyt
Aggor Zu AR Aot PRVE A&stsl7] 5 g F5EEe 7E FFEAE Ad3HE 39 bz
oz BAHL ZHA & 110250 A # &ghol, 1108% oAl A digte] vebt
a1, 747 0.409x10 mY/s 2 0.448x10 1 m’/sel itk B
3.2 FAE MM Fo# AAE 0057101 m’/s(1102%) - 0.005x10
7 of] A *é“%? wiel o] 7} FoA 2 £og Al mY/s(11085)0.2 B% 7addyn F4¢ BddzEzs 7
55 Egsla & 63654 5 3214 el PRVE Hﬂé}% 7} 13.85% 2 1.21%°] k.
5 5H, Y 48 A2 Agsly oy o3 A=A o] & oA AFH, nFH, aEu d gx9 F
e dEAE g 4 AT B AP dRA e zhzh 0.01606, 0.01160, :LF/] 0.02766 mY/s& %
of PRVE AX3tn e @A d5A%e 2 Adel Aol AE FaABel Ha F ko] oF 000038 m/s
PRVE AA 3= AL 7MY F5A59 554 Azt
M ehs wheke & A sk gl A3 MAE F4ASA PRV AAGH] WAFES
o]Z 93 =3+ Flowmaster?7 W& oA el At S u, FEFEGR Y FF EVLdEe} F e Ws
%= PRV AXVEH, G 9 I AXHE X3HE AR5 ZFol2 A8t Horh. PRV AAstEY A HYE
(28 1(b) #F=x) DA PRV AAstx, 1 99 &4 3.363bar(ZA1719+ 8 2.4 kg/emd)elA 5913 bar(A1719+E 5.0
212 dd9 71E FrAEy AN sdsA A8t kgi/em®)7bA o]t} 714 314 H9lE 443 PRV(YPRC-SLI
5 54S A4sad. )] dA AFHE oy, A «Fo] shEdt Wil
oM 71E FFEAZANAY PRV AAYE (AU 5913 bar(A171+4 5.0 kgy/em?) 74 = A3 )
3952 bar(A719t8 3 kgy/em?) o] HU 2oz fAE F WA 9 2% PRV AASGE & d 99 37 &
FALY] F4HE EAS ﬂﬁsﬁiu}‘ 4= o] w9 7} TLEE Yepda gk Tl B npe) o] gjalgh
A AXE F4EFS 7§ 339 2L gloz yeid 4 HopEFde AS W eeA PRV A4t oe] Frld
ot} 71E FFAE Al2EdA g *éﬁ#%k% 0.442x104 FE FF ETYEE AgHoz Frtsldrt oF 45 barol
m/s®E, 35 BodEE 802 ‘VE Aw Ao wa] A A gvtetAl Flske AES wa ok sj4 e Ha AA
Adel PRVE A st F5 74] 7H*d_?‘& A5 F or#lel 3363 barollA 7HE & F¢ ERULEE Kol
FS vobd Ayt ® 4013} E Ade JF FFEe AAeteo] Z/E4E F4 BHdEE FUbste Aow
0436x10" m¥/se® 71E FFAEY HF FFEEA el Xd%if_tﬁi 3.952 barel A °¢ 6.66%2 FF Bt
0442<10 " m’/s Hrh tha Fasda A FEF A% AEE Holw, 4148 bar(A7194 32 keyem)A 71E
TS 0.035%10" m¥/soll A 002010 m¥/s2 HAA7L 7 FFEAE] %L% o1 8.02%S} WA}%J #He 1Y
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I 4. Predicted water flow rates in a proposed water supply system of the apartment complex.

Zore uilding Volume flow rate(x10* m?/s) Qe %
Floor 1101 | 1102 | 1103 | 1104 | 1105 | 1106 | 1107 | 1108 | 1109 | 1110 | 1111 | 1112 | Quyg Qsd
1 0.451 0451 0451 | 0450 | 0451 | 0451 | 0451 | 0451 | 0451 | 0.000 0.06
2 0451 | 0451 | 0451 | 0451 | 0450 | 0451 | 0451 | 0450 | 0451 | 0451 | 0451 | 0451 | 0451 | 0.000 0.08
3 0451 | 0451 | 0450 | 0450 | 0451 | 0451 | 0451 | 0451 | 0451 | 0451 | 0451 | 0451 | 0451 | 0.000 0.08
4 0451 | 0451 | 0450 | 0450 | 0450 | 0451 | 0451 | 0450 | 0451 | 0451 | 0450 | 0451 | 0451 | 0.000 0.11
Lower 5 0450 | 0451 | 0450 | 0450 | 0451 | 0451 | 0451 | 0450 | 0451 | 0450 | 0450 | 0451 | 0450 | 0.001 0.11
6 0446 | 0450 | 0450 | 0450 | 0451 | 0450 | 0450 | 0450 | 0451 | 0450 | 0450 | 0451 | 0450 | 0.001 0.33
7 0431 | 0447 | 0441 | 0442 | 0450 | 0450 | 0451 | 0450 | 0450 | 0452 | 0450 | 0447 | 0446 | 0.007 155
8 0410 | 0432 | 0421 | 0422 | 0444 | 0449 | 0451 | 0450 | 0452 | 0442 | 0445 | 0427 | 0435 | 0.015 340
9 0383 | 0411 | 0400 | 0401 | 0428 | 0438 | 0451 | 0447 | 0439 | 0422 | 0425 | 0406 | 0418 | 0.020 490
10 0450 | 0451 | 0451 | 0451 | 0451 | 0451 | 0451 | 0450 | 0451 | 0451 | 0451 | 0451 | 0451 | 0.000 0.10
11 0449 | 0448 | 0450 | 0451 | 0451 | 0450 | 0451 | 0450 | 0451 | 0451 | 0451 | 0451 | 0450 | 0.001 023
12 0434 | 0429 | 0449 | 0446 | 0450 | 0450 | 0451 | 0450 | 0451 | 0451 | 0451 | 0440 | 0445 | 0.008 1.77
13 0414 | 0408 | 0434 | 0427 | 0447 | 0449 | 0451 | 0450 | 0451 | 0439 | 0448 | 0420 | 0434 | 0.016 369
Upper 14 0392 | 038 | 0413 | 0406 | 0431 | 0437 | 0451 | 0448 | 0443 | 0419 | 0429 | 0398 | 0418 | 0.022 5.35
15 0369 | 0363 | 0391 | 0384 | 0410 | 0416 | 0451 | 0429 | 0423 | 0.397 0375 | 0397 | 0.026 6.61
16 0.336 0.358 0.393 | 0436 0364 | 0.038 10.35
17 0.306 0.331 0.368 | 0414 0345 | 0.046 1332
18 0274 0274 | 0.000
Qavg 0428 | 0409 | 0437 | 0423 | 0444 | 0438 | 0448 | 0448 | 0448 | 0442 | 0447 | 0435 | 0436
Quad 0028 | 0057 | 0021 | 0038 | 0012 | 0025 | 0009 | 0005 | 0.008 | 0016 | 0.009 | 0.024 0.029
QuiQug, % 657 | 13& | 471 8.88 2.71 562 211 1.21 173 | 379 191 561 6.66
¥ Data obtained from units of a single line of each building.

o] W] FEFEHTEA Y F FFEFe WEE HYd 43 2 AT FARHAS dAFstrl A " 635 Ad
b & 5oltk. PRV 24deel wsle] ek Aol F4 Yol A5EE Akl AAA R dF A} )
& e 95, T s T F 9, 293 7S wakTh dF A% SR vaste] HdEd AAX <
FeAEe & Fegorvee] e vuwsach A ARAE NwES o A AN F ghel ol
2 AARGHAA Aol 7MY &3S & g A3, A T 473% A= AL sk
go] F7lR5% APl FolEo] o 4344 bar(F71HY A8 TEFUUEA FHAE AY R eHxd
35 kg/em)oNA 712 FEASL F FEE Akl A < 493t 71 FFAEY w5 58S d4sAES
o] FAIR el As & F U, o] F AAYE F ) 2E Ao HF FEES 0442x107 m'/s, Ald
7hell whe} AztaRe (-)o] Hrh S WA 0035x10! mYsE2 UEh} F4 BEYE(E

A S E 8.02% = oty At
4. 82 A
I 5. Effect of PRV setting pressure on the total water flow rate

9 = RAEPZ FHHAS s A58 A U635 of the apartment complex with the proposed system.
A F 321 Ad)dl PRVE A& F&Td9aA] I PRV settin Water flow rate, x10 °, m’/s
A% F4 54& Flowmaster7 4§3=2 AE3lo pres. bar - I,Zooﬁgr [;gggr Total | Reduced
Ao, ot 22 A3REsE AU 3.363 1456 109.3 254.9 255

3.461 148.6 111.0 259.6 20.8

14 3.559 151.7 1125 264.2 16.2
5 3.657 154.3 1137 268.0 12.3

& 3.775 156.9 1147 2716 88

o 10 e 3.854 1590 | 1154 | 2744 6.0
“ g e’ 3.952 160.6 116.0 276.6 3.8
§ .’ 4.050 161.9 116.3 278.2 2.1
E .‘ 4.148 163.0 116.7 279.7 0.7
o 4 ’0 4.246 163.9 116.9 280.8 -04
5 90 4.344 164.6 117.1 281.7 -1.2
4.442 165.7 1174 283.1 2.7

0 : : ‘ ‘ 4.540 165.6 117.2 282.8 -25

2 3 A 5 6 4.638 166.6 1175 284.1 -3.7

PRV setting pressure, bar 5913 167.8 1177 2855 5.0

a3l 2. Effect of PRV setting pressure on the non-uniformity of
water flow rate of the apartment complex with the proposed
system.

S AMEfEHE =SS ==F Vol. 12, No. 6 2012. 12

? The total water supplygof the current system is
assumed to be 0.02804 m’/s.
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(Information Services), England.
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