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Abstract

Objective: To evaluate the difference in reducing the impact of water hammer with
the surge tank application with and without a flexible diaphragm.

Methods: The water hammer were simulated from 0.5 HP water pump, head
maximum to 20 meters and control valve to adjust the flow rate. The water flowed through
the PVC main pipes with %2 inch, % inch, and 1 inch pipe sizes. The length of the PVC main
pipe was 4 meters each. The study results were collected from pressure values at the surge
tanks. The surge tanks were made out of PVC pipes. The pressure reduction values were
compared in with and without the flexible diaphragm. The surge tanks studied were available
in Y%-inch, %-inch, 1-inch, 1.5-inch, and 2-inch sizes. The lengths of the surge tanks were 50, 75,
100 centimeters and were tested at each size of the surge tanks.

Results: The water hammer pressure reduction efficiencies were 2%-5%, 7%-15%,
and 20%-40% for %2 inch, % inch, and 1 inch pipe sizes, respectively. These efficiencies were
directly proportional to the diameters and lengths of the surge tanks, both without and with
flexible diaphragm. The flexible diaphragm could reduce the pressure with the higher efficiency
of 2%-7% than the without flexible diaphragm. Because of the water supply pipe sizes were
inversely proportional to the pressure generated in the pipe system. Therefore, the sizes of
the main water supply pipes affect the efficiency of reducing pressure. The water pressure
reduction efficiencies were 20%-55%, 7%-29%, and 2%-10% for 1 inch, % inch, and ¥ inch of
the main water supply pipe sizes, respectively. In addition, the design of the surge tanks length
that took into account the energy loss due to friction in the pipelines could achieves the less

maximum length of the surge tank than to ignore the loss of energy due to friction in the pipe.

Keywords: water hammer, surge tank
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y = 0.3142x - 5.065 35.00 y =0.2832x + 0.5367
30.00 R? = 0.9952 30.00 R? = 0.9968

= 25.00 & 25.00 A
© 42 5 .
L N ¥ =0.3x-29733
 20.00 ,o%zmx - 3.665 — 20.00 A R =09999
2 e = 0.954 ° X
& 15.00 SN § 15.00 7
v SR v A X
5 A 5 4
2 10.00 A X 2 10.00 y = 0.156x + 1.78
5 y = 0.145x + 0.2083 <
5.00 5.00 R? = 0.9632
R? = 0.971
0.00 0.00
50 100 150 0 50 100 150
L (cm.)
X VUIPNRAANINAU 3/4 " A VUING@EAANAY 1 " L (cm.)
X YUINAIAAAIUGY 1 1/2 " X YUIPAIAAANIUAU 3/4 " A YUINNIAAAILG 1 "
(@ wuuldd Flexible diaphragm (b) wuudl Flexible diaphragm

JUN 3 anuduiusseninefesavannuiuianlaiuanueivesdananuduiiown %, 1 uag 1.5 1

wuulifiuazdl Flexible diaphragm nsgildviendnauin % 1o
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60.00 y = 0.320x + 17.36
5000 R? = 0.9781
= (A
g % /4= 03026 + 16.292
B 2000 & R? = 0.999
5 _X
v 20.00 ¢ -5 0.135x + 12.378
Z R? = 0.9932
5 10.00
0.00
0 50 100 150

L (cm.)

X VUPNRAANUIU 1" A UIAEAANGY 1 1/2"

(@) wuuldfl Flexible diaphragm
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60.00 y = 0.3364x + 21.387
A2 = 0.9466
50.00 A
£ 4000 7oAy - 02738x + 21.792
S A R? = 0.9936
o 3000
g X
S 2000 R
g y = 0.1396x + 13.163
% 10,00 R? = 0.9427
0.00 L (cm.)
0 50 100 150

X UAGI@AAILGY 1" A Vadsananuiu 1 1/2"

(b) wuull Flexible diaphragm

UM 4 pnuduiussenindesarAnusuiianlatiuanueveitannuAuntuug 1, 1.5 uag

2 T wuulifiuagdl Flexible diaphragm nsdildvievidnaunn 1 i1

31N3UN 2-4 wan193LATIEN
ANMUFUNUTTEMINISDEALNANUNTDANAINUGU

TuszuuradainaINN1sARAULNAUIUIA LAY

3

AIUEIIANE) VBIEIANAIUAUNATITUN T

(%
a

Tdiendnauin % a1, % 497 waz 1 99
AIUEIRU NUIUSEANSAINTUAITARAINLAY
NNsAndeuzLUSHURSI UL AT IR
anna1udurenvuldduasd Flexible
diaphragm Fatdunsnluguiidanuduidy
VN YeNIINTFINUIIAILENITBIEIAnAIY
fuilfuusiunsafudszansamlunisanmany
Fuannnisiinfeutndaisiduiy waziile
f1sunUIguiieuiuseninegy (a) fugy (b)

dl dl U U a U
’ﬂ?ﬂg‘lh/l 2-4 NIARAIUAUTUIALALINY
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giulainuseansanlunsananufuueeds
anANALLUUAT Flexible diaphragm SEGR
N3wu Uil Flexible diaphragm

LLazLﬁaﬁmimﬂLU%SULﬁﬂUﬁ’uiszgﬂ 2N
UA 2-0 anunsavseidiunuduiussEning
PUNAYBIBLIUAINMEN TUTUIALAL AN
finee) vesdaneuiuiiasaulid auinves
viewudesimdninasdeussansamlunisan
ausy Tnen1sRarsandsanaudufitiuus
1 9 awiuinvunavesviowudwhvdnulsiu
nsefuUszansamlunisanausu lnefive
deimdndifaualngjazsilidsans anlu
NNSAANANTENUIINNITLIAARBUL U0
UsgandnmlunisanAluauY 989anAINLe Y
Fuurneafunenuuilifuazd Flexiole

diaphragm ATunIvisdwimanNiivuaannIn



5.2 MsWIEULNBUAIAINETIENEN
VBINIANAUAN INHANTENUYDINISANA
#auth nsdifinauazlifausadeanuves
FTULYID

MTiATIELileaanLUUAIN
g1398989anANAY nsdlaulanisgyids
wasuiiesanusadoaniulusio (h # 0) lag
Uszifiunisgidondeaiuianunainnig
AINNTALEENAN (major loss) TIuUATT

geytdg 309 (minor loss) A987335 Darcy-

21sd1suUK1Ing1dagdlodbla@na
Journal of Vongchavalitkul University

Weisbach aglaaanuduiussenineminusa
vastinluvie V Auaugeamaniludean
AN y 9naun1s (2) luvaegiinislesien
[fieoanuUUANE VDS IanANNY STl
aulanmsgapdendssmidesanusadoaniuly
78 (he = 0) 3xLAAIINYNIVBINIAAAITUAU
91NaUN15 (3) Fawan1s3AsIzditilonsnuuy
ANEYRITIARALSY T 2 nsdlazldna
NNSATUIUAIAIUYIEIFAVDANAAAIUAY

(Ymax) ﬁﬂ@]’]i’]qﬁ 1

A13197 1 HAN1TATUIUAIANYIIGIEATVBIEIAAANAUIINNTIARABUNT NTailiRAnLSS

LHIANIUVDITZUUYD LaznIAIAALIITYANIUYDITZUUTID®

U YN Yinax AMUTUNUSTZNTNAINIUAY (y) AUAMNEIIVDINIANAMUAYL (X)
vianan | asAuau | (cm) aunisuuy ladl AU AUNISUUU U AUAY
(W) (W) Flexible diaphragm (psi) Flexible diaphragm (psi)
225 38.677 y = -0.0438x + 36.58
1/2 y =-0.0332x + 46.147
87* 43.259* 46.435 42.624*
150 39.748 y =-0.0352x + 39.353
3/4 y =-0.0434x + 46.258
1/2 37.7*% a4.622* 44.633 43.306*
113 40.158 y =-0.0428x + 40.057
1 y =-0.0534x + 46.192
21* a5.071* 44.893 43.994*
108 37.861 y =-0.0702x + 36.616
3/4 y =-0.0652x + 44.903
79.5% 39.720* 44.198 38.617*
81 37.048 35.403
1 y =-0.1186x + 46.655 y =-0.135x + 46.338
3/4 53* 40.369* 39.183*
54 39.642 y =-0.1274x + 37.875
1.5 y =-0.1414x + 47.278
23* 44.026* 44.755 41.825*
60 35.785 y =-0.0628x + 35.305
1 y = -0.0608x + 39.433
54* 36.150* 39.073 35.682*
40 32.224 y =-0.1232x + 30.265
1.5 y =-0.1362x + 37.672
1 33* 33.177* 35.193 31.127*
30 32.821 y =-0.1514x + 30.836
2 y =-0.1458x + 37.195
24* 33.696* 35.378 31.744*

UGN “NIUANUTUFANNUYRITEULYID
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310915199 1 wanaliifuinile
finnsaniiA1mnue1gianvesdianaInufiy
(Vrnad HAEQAU 9zWUIFlexible diaphragm i@
Tun15978anAINAY UI8INNNANISANYIAY
ansananledndeniisinnisesnuuuaiy
g11vesftanAuau lnsaulanisgayide
wasruiienusadeaniluve (h # 0) 9z
TAlAAIAIINE1IEIEAVBITIANAIILIU (Yrme)
deuniinsdiliaulanisgaidendsay
Wesnusadoaniuluvie (h = 0) waziile
fersanflvuinvesdsanmnusulieaty oz
wuIuInYewiedtmanilnalunisyaean
aus Tnvuiaviedsimanuysundufua
ausuintuluszuuvie

5.3 aAUIUNA

uITedvialnAnutanssuly
Snwaiziannui Welddvsuanuanszny
MNMSARRBULN Tnsnsuszenaldisanaiy
Fuladaes wudndiauaisnselunisinau
TyiumnanslunisanAufuainmsiindeuii

'
L4

A8gUNIAlNNVIgoEgNIUTIBINAIALATIAIGN

1 £

A71 Breandunulunisneas e wazldiianig

9

(% (%
a o

goydesnaunszuigeaniiuileinusingnisel

[V
¥ o =

ABUUNTUNEIUSTUUYDYBIBAS TuUvEN

nstduszadianAI1uiu (pressure-relief

Y

valves) 48NN 1AMEINTIUAT §9609

(%
a

YULAYUNAIUNTLISEUNYRBNNILTBLAA

[

Usngnisaideutnneluse (Ash d3auna,
2545) an13neadisenn1s TruFeudien
ansadinnssunisussendldiaanainunuy
fdnunifluldnulslnedenndesfuuuamisly
AMsepnRUUsTULTion1elue1A1s (1303 8

ATASad, 2541; Prayong Keeratiurai, 2013)
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yonaninsAnundalduansisuuna
LAYAIINE1IV0ITIANANNTUL NSERALTY
Foanuluszuutie Wisannansznuandeu
¥ genndeiu Prayong Keeratiurai (2013)
Falgnanli1 Sranaanudiu (surge tanks) s
svuuiethamelueasineldeufufiusyuy
PehuszUvesguseiluteniwioundsiily
i leannansenuannisiindeutinnasesd
YUNAYBIYD LN BYNIINIBLNAUIUIAVDIND
Usgthiifeananususeidenst neundlunis
foa¥119TEuLrenss asmdefiufinaugs
sy umanuiuResiuduuuidinaude

[ [

agliuindn Fan1sAndedeannlauduil

[
¥ a o

o < Y v o O !
Jndudesindelaglideanaiudunsegly

LuIRe MaurunvesdiannuRufineLdoy
Furiethuszunislilasiivuimdnnin 1 9
wazlisawiuld Welriusuinsenidluds
AAANUAULNEINBAINSUNITAANANTENUIIN

AL

6. #3UNANTIIY
UYPNTSUNTAANANTENUIINADULN
shefsanrnudu fiaguszasdiiienTeuiiey
N15AANANSENUDINAISLARARDULY $28n13
Uszgndlddeanainudu wuuiduagld
Flexible diaphragm Fadrunsod Juwma
nsAnwlaan Ussdnsamlunisanaiusy
NSRRI UUSTURSITUTLIN YD IES
anAIrudurenuuldfduasf Flexible
diaphragm LaYANY VOIS IANANUT UL A
wUsAumseuUsEdnsamlunisanauauain
nMsiAadeutdsuiy Yenanddanansa

ayunansAnwlaenia Flexible diaphragm fiua
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Tunsyivananuay lneuszansninlunisan
AIUAUTDITIANAIUFULUUTE Flexible
diaphragm ﬂzgﬂﬂiﬂLLUUﬁlﬂiﬁ Flexible
diaphragm luausflvunnvesviodsimaniina
Tunnsyasanausu Tnsvunviedwimdnay
wUsunfufuatauduitAndulussuuie
Fefuruinvosvisiuudiiindnieinase
Usgdnsninlunisanainudu Tasaguladn
YUINYD I oL uUAI I nEnuUsHUNS AU
Uszansamlunisanaiudy uenaindua
n1sfnwdearnsaagulasninniseaniuy
ANNgIRITanAUiY Ineaulanisgade
wasuiosainusadoanuluve agvlile
AIAINNYNIEIFAVDIEIAAAIUAY (Y oY
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FatuuinnssunIsaANaNsENUIINABY

(Y]
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X
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| a <

syUUraaInNNslasuLlanNusInsiva

v
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199 @n5aUIuIRnNTIINITUSEENA LY Ian
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