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Abstract

Differential pressure devices such as an orifice and Venturi are widely used in the measurement
of flow rate of fluid mainly due to cost effectiveness and easy installation. In the current study,
the viscoelastic effect on discharge and loss coefficients of those flow meters were investigated
experimentally. Aqueous solutions of Polyacrylamide (200, 500, and 800 ppm) as viscoelastic
fluids were used. Discharge coefficient of an orifice for viscoelastic fluids increased significantly
up to approximately 15-20% when compared with that for water, while loss coefficient decreased
up to 10-25% depending on the diameter ratio, 8. Also, pressure recovery for viscoelastic fluids
was extended much longer than that for water. On the other hand, discharge and loss coefficients
of Venturi for viscoelastic fluids were found to be strongly dependent on the Reynolds number.
In both flow meters, the concentration effect for discharge and loss coefficients was not observed
at more over than 200 ppm of aqueous solution. Conclusively, orifice and Venturi flow meters
should be calibrated very carefully in the flow rate measurement for viscoelastic fluids.

JlEAMH x Sejd s F2 wFe ety FEukae
D = A4 (m) 7el (m)
d sl e wiFe)E A7 (m) Sl gl owlrelef 2l (=4d/D)
f :Darcy aelaA 4 o w4 de (kg/m?)
m o AeEsa (kg/s) 72 - AR AAAS (mPa-s)
Co - FFAS A (D y o ARRE (1/s)
K £AAs A (3)
AP e F2 ulFe]olM gfE A (N/m?) I.A B
Re, : 257 Aol &4
U D #elld A 75 (m/s) TAARGNA FH Y a8H 23 Fale A
‘AEosta deky A 2ot e A Aol QloiA Frale] Hag Fu A o9
o8l AEoietm 7)A g AAAS Nf Fag deolvh, H3] ¥, XA,



1502

Axial direction, XD

Detailed view of orifice and Venturi flow

meters

ol o<W T T e - 5 % =
N A A - I e % o o
TR L o WOy = oy < P
5 | ol R i+ N ok T M ed %or o oF ° - ]
R T T - do = © v i Rl e i
0 — - T > " 1 e !
R o o ®O M o, T T vl il s ) o € 2 /
T = ot 8BS T 7[ X Uv owa oT ~ - © ll Et [=J 2 = = a /J\_
FERTNN S0 g TR T oo 7 COV £ .
— W o oF L = ~ ~ Moo e a 2 /A
© 1;‘_ ~ il oT ~° D ™ s T o _T ol of = p— = k] o i\
- R o B !
oF ok o go = 5w w % ™o = ﬁo _ qu T \\Wo M m z \ /
— o o = 30 i ° — 9 o == T o o 2 Yo [
GRS i Tl = = o o 3o 2 @ 8 b oA
—_— i B I3 1o T p- = |
oo ® o %Mﬂﬂwnﬂpﬂﬂﬂ o G L e 5 B © s J
= " oF T & E T o B o= o K o 22 oF NN | A i ] o
AdT o c) ~ # mO - <0 T o e E_._ b f L / o | V%\
O e o X ! T o 2. - OF i =K Dy y
TR LE e g T LT o Mt S R I
A I I B e N R &
Teg P PER Ly w PP . ¥ ERNT
R I TR e wi iR :
_ A Ry X ol X — o WO T ] a B
TNz TZIET TS AT R B 2
oo ® oo fo o Mo A A T 4w o =
+ oo D5 3 = g o — NORE R 3 3
S ot o 8 of 4 ofF - X [ v E) o 3 H
S R T T « &
g P O S T oo B Re o W Mo oo of ok ol qow o
T rallir=r SR | sl ral o ok %= W E T o ﬂ,o = ainssaid ||em ssejuoisuaLI]
= T o [ - —_— ! _ , .
TRTT MEEHTUF M T T e R RT R M T T e ool o W
T o o o T 1 — B 1w 7o Mo = = ol A S
= A ot = X e m WXL E M0 T o OB o X ® A oo M W @ ook o
& — T COlaT: e e S T U B = o o Tz — AT 3 S I AN o7 B
10 T Ay e g = N L OF TR B - A e N oo o BTN e x = o
X 4o O = v i HT o kol o RN o) B 7 il Xor
X0 oy 6 o ' ~ = = N X 5o— 2 | X e
e T o ® 4 =T do N L NO @ o 4 HE T I A . £ _
oo B woge N oy T o R A T F g T L TS0 TEE T
o I N L TAr T wge _SPlagd TUST Tl gl
=D < o i B L= oM B o & M d T & W o S ogr O o OF AR i B o
by O A Aol oo % L g -~ T T o T G, m of T ooy mo L ok L X 37 o Hn o =
oo o T o g W oF W X3 T 1@ g P ook S ok ok © < R0 T w R o e B
N _aﬂqubl T W o} .%ﬂw_u (7 ﬂo_h.;.mﬂ%wﬂw [ ,i,mfruw,r o Moogo o o R Lcmnxror myﬂmﬂ.ma
o e X oo W Ao R, CF W om N w A S T R S Sl S R
o) w4 T ooy T e e —_ okﬂ — Lt 2y o [ - T il - o T o Tl = oW
go oF my T N QM Ao W B o oF IR C e w 8 F ¥ Eo ™ hTH M T = o N o o ko e o
; . o o —_ . . o~ —_— 7
SLM@ wv%#ﬂ%xﬂo.@rguﬂ_sov.wﬁﬁ%ﬂ%mAo,,‘a%ovgﬂ%#,%A o o ¥
Gt pUT e o _w  §F g YT Fog o W W oo W o W
PR T e MTPET e 2T Tk N Y e N T T LT e ke T oF
— T , - - _
o E?._ - OT 3 LWH < I\mmv .AOL ET 5 o o# Hu, UT _ﬁ.m E m MAI = SO~ ﬂ\ S xT ~ w® T T OT ﬂ” %ﬂ " ﬁor T M ﬂ”
mﬂrid.ﬂo of gxo@.io TR oS Wﬂﬁho]ﬂ.%ﬂgoLVﬂﬁrovﬂ = oo ﬂnMEo
.l — O# ‘zr\ Ll Eo — = W T (s XT zTu o~ E’ K = ET ™ lbl E3 o = W IR
W T oM F B oal W pa 0 WX o XD oF o = < oF oF
e A T i+
& R O% AT o TSR E AT Y ET TR LT e w o F F kT T T
R i I T A N N BT AR B w50 T
w ﬂﬂhﬂﬁaoéﬂrl‘.éovlxelr_z_,ﬂQL,-7%;ﬂrovlarléil»é%ﬁuﬂomﬂ&z41%&%%1;
= " A N N o B o L T 5w Vg T N ot 2o B ron - 3
SO O e A A M o O - AT R R L TEEIT LT
o A Mo ®O M T g o | Ho ~ o .8 - _ oo w N e
5% o T T M ook ulo of W M TP ool T W m T OW o T T of To N N T * T

Fig. 1

ofl A FrEl fAlol mlalA A



GopA fakold ARk §E

“é—‘?M] Lﬂri} wheja)nd,
Holl wrh AAIBHA A gopsle] gl
o et FHAY 3%‘«6301 7+ kel
1, 33*&{’— gt A=
2 8] ¥ quadrant edged & a] 3 A
edged & a]#*i FEE A, FF3
edged e 2] ¥xe] H, g
oke A2 A9 stat 2ejHAs FF HolA A
o}

Azkg AhAle RS A @

o&*ﬂ
i)
1>#

o

B T E S O O [ B
S‘i
;
M
e
ok
pu)
FU

r&

2 oA uwel, Zuvigl®, Z@ix|=3E, vena
contracta E}j& = D and D/2 ]9 o} E‘P_Ui, E
8 7ho] frEE Aol Falxlg]dHe], Axe] #
grzAole Dand D/2 §Fe] Bel AH&Hch

2ol ae) §EAS(C) e ol BRel P A
Algerel vz BelsloiAlnl, ol kg 2E A4
oz Folxle

/ B4
—dz\/ZpAP

o 7)4 zdul (B WAl e 29
Aol vz Hesn, me ZHARRE JE
eelda A, pe FAo] Un, AP= ® Aol

gHEEds A e

‘%‘ T 2l —
Gz, wE fA ASE AW ooy
Az% £ DG e e Stolz 40V
wol AHgEe

Cp=0.5959+0.03123*' —0.184,8°

6
+0.00298%° (1400,) 078

+0.090L, 84 (1= 3% ' —0.033L.5"  (2)

o714 Repk Fol A2l ello]F2ols, Ly, L
= ogese deld AF W sEuasl @A
Aol Aoz FAARA gholek,

ad, FRA A FolA oA e AE

shwl eelslas) A (K E G822 e
2 #d=e,

K:"M—fXI+'YZ (3\)

D

%-pUZ

o EAA S 1503

AN 2w bz el Az RE Y 3D
o A Bl gt 3| Eo] shH3] o] FoiAl
5 opy] ot zbelr) Al Ebs = YA olH, pi pee
7 a2 A kg Jebdd, webd, EAA

HAAo 9lo] xel HE gEHRr Fio=
ARl Aw], o e KAl FHol et
4 ook zels, Darcy 3 ebAAS ()&
S (4)ol 2]8] M, Separan
= GFfEel M A =t
Zpad o] Eajslmz O Al (5)o 2]

rl

Blasius equation :
f=0.3164 Rep,*® (4)

Cho and Hartnetts’ asymptotic equation :
f=0.20Re.p"* (5)

ole.m dch <A gl /‘H}% welel A nefx{o] o
o}, 49 B of F-o| 4} = Separan i3} e Aet

3
AfAlE A (D3 zo] Zxr] Hx (Apparent
viscosity), =7 W A#gfeFor Helxe
olF 275 ARSI

Reqp=pUD/ 14 (6)

aelx, dubd oz vy FAEA Ag] F

2 et n¥A Fen 4gle dHdEE.
%

3 t Fig. lol4 2% ulsh 7ol
: —?eﬂ% N

AAL shebd 4%E pAE FAse e o
Al o2l ol wlalA dEEe] WS 27
@ gl v o &edel Eaheelu} Al sk el

ek 'he] gleh

: 58 a9l Al
& dreleidel fas 0 g

Wl el

B ISO 5167-190) =A8] 550 glow],
AR (D)ol dlelEzgr) 2x10° o] A4Y W &
A7t Aol AN A Axo uzt 0.5%

-2%9) #E&2ak Heel A el Fo] spyeie, o



7

)

%] 3} (mechanical degradation

3l
2

1504

oo o RS o g W of RTOBE o] W R o e W T RO fo b R ST W B BFORY WO T
cxon el T T P ool W oW T R o o "W T W wr T g NFE o Bddoabod mom o2
m,r_wa%ﬂo_ai ,a“o#auam%ﬂﬁ?5ﬂwref%ﬂ.fi_%mmﬂjj%u ﬁwﬁua%ﬂoovjlﬁbemﬁ
0 © . — 0 5 B X gl o< e ol = el o . or X — e & o o~
S A S A el S I T 15 Sl T S e B T o
Rl L O T R = Ml IR S g S e T St M e R
oo W o ~ T =l o i ' = ot 0T W~ [
T e lAdrP it el a2t evdr el ™ U M R @y T o
- 5 o= R To w W,L 3° o= S w o o oF B =~ T al oF Mo = = -
E_ OT\.FJI g .~ oTﬂHﬂME P _L_l N~ o.* m 0 X \Mﬂﬂﬂ 0o o 7 . or x g X Ot o.* —_ K
oo AEOuT]Erlorﬂx o =) 2 on 3M,|\Aﬂuﬂo£ﬂ1ru,oTA_ﬂA\zT i s Arc#wuluﬂc
5 . = ad et . o or ! - T 0
- A S T T o B e G A R O i 3 B
o o) —_— o K SE B o wd L o~ = S i ‘.II s oL — W
S SRR R e R I A T /e B T S A A
< - — T — pa
T R I I T L It T e S i B S A R
3 dp of o 2 L & Y E 2 X oHOR = k3 W
Jrel ﬂl\vmo 4 T o= T 32 R~ x xT OT sl < oz y X OTMWWE_E\W — n MW.J! o .o o 3
T e p R ER T R T it T W taxET i rs v Tahiwel o w o
o o NN g = O Ho i~ Gy T N A o e S -
ﬂ&%%%ﬁ%i%lﬁrﬂﬂomovj_;ﬂauiﬁa,qn,lfoaT]mmﬂo«éAﬂEA#MATO#ﬁé%Wﬁ%m
¥ ] s | o T R =y 1y o v ; N o T ]
TTET o ig  Benlaewe T Lo FT L Te _TazelTrdaproesd
FEE o T Ve Ty lga  TogEPwT B oy fyes wwpT g
A} = o = =r . KO, T W o~ K —~ g ;N e T O = 0 = — X [
U T g TR Lty WX g3 % TV R s T st
o r e w VAU DFER G S L E T P My I T I
N ™ \ LB o g K i o B aio#ﬁ?, Y N oy o P TET W R -
L R S T R ) h TETY L T WB U o] o TR ML PR RN N EB S
o oHl Nk T ook T W oMo oYW v & W BE W T W H OB x° RO Mo o F % o owe 7 N oob of M No Ar Nr o T A W wf 2
o ® o A ™ W o R o E T FE® AT aqs o Rk T
—_ LN W = T T A S o W, 0P ool m®F W C2NEN T
ER SRR o ok T ok Moo Took | N v ob - SN 1 |
ot — Wi -7 I e o o oS- B TS ~er I s g¢ly
PIHT NI T ok IR ITTLTATL T me 5l £ LsE)s
W._S,.ﬂo ~— © ~ Br ox d!1f]=.1rx i]wl 31 ! E3
oy TE %O oH . o = - - ™ K o4 N - T = <M . B2
R e I T B e Bl LS 7 |
~ ® NOm™ ht] o - . K i o 10 [ 3 e
SF oy we® & L Faldd Fya T wE T % et
T | % our 9 o el STy M T g [ LlEs
o g T o M B - g 2 R M = I
G S 7w R % Slwr w2 Yowy E S i
- ! ) J — N 2 ™ % sl o,
éiﬂylﬂo.mﬂﬂmll_/r-“i o ﬂ;“_ﬂ,ﬂovz_ﬂmﬂ%v‘ﬂﬂao«muha dﬂia mmm m
N T R T 0 - X o B KXW OXT®W o = o3 i R
ﬂzﬁ%%ﬂmrw&g LTI T A L row e ﬁ
e T =z ~ g o <0 - W = F : g
T W = 0 dMlla _.AO ‘ly,_uww_.\ucﬂ JIM/M‘_MEIF.W%HW\EI H]. k..;,mm =
R T I S Al s N S R I B T I PR
Hoocb T Y TS T B S miw AT TR kI T Lw HEHES
_ e H < o0 ﬂohwnan%ﬂ%l}ﬁl N o i S
O T AL U S I - T I d S S T S | ;
0 = - —_— T oS = K = & % & N X 5 s g
FEIEHE TE g * e N A o I AR -1
yﬂ%iﬂromﬂdrﬂpl__OETE;i HALoﬂo.ibo#aﬂ.hov74Lov1oaﬂﬂﬂo.£L4A&MﬂE g H 5 &
W o ° ol o B N P A T Y Fo Bx PlsE | E 3 BE B
AR * o K o 24T T e e Ve Eloseed | £ B £5 38
Mo T o = i wEPE 0 o kA : 2
- nﬂ Ho m# & Lm B I R o Mo | R I i S e I L £ 3
ool TR OB WA DT F o FW W BT EIT IR N &R F

J 25 ol

Z
o

R

[e]

20C(£17C)

[e]

&]
=R

Al
=

Tl A

gl

O

=R

=

Fig. 2 Schematic diagram of the flow loop



QAstgon, E §AZE e RAEAE A
AR £, Aoy §AzE Felopady gojolx

22 ol (Separan AP-273 ; 200, 500, and 800 ppm) &
7zt et om, Fale] HEEA-2 Brookfield
(Cone-and-Plated) H = A} mAld HAxAE AL
&3t

Aol Asolzh, Fig 3
REPAES % Separan AP-273 4=l ¢
Fedstel] i FEAAE voiFu ek HE
Arkgeol 400(1/s)
o] 5ol & Brookfield =z A=, 2 o]+
sARHEAE %47 Aol ek Separan 4
of A=t Arkgol oF 1000 ool A =l o
gzl 1 ool4e] HMEFAE FEoh QA T

Q
infinite-shear-rate viscosity) 7}

:

Qgol e FEAo] dFolol 53

B4 $50) Meldgoz ARES F

deornz, #Holxas
3

% Agstele
z]

2

23

o
A
ol

> 1.(1

N
0
=

to
AL
IDUBN TR

-

ot
oL
9 4% o
(=3
N
N
X,
o
o
N
o

wo o P
32

)
22
2

i
ok

>
-
jn)

o

i
fo =

>
of¥
s

Ay F A7k A bl whet Al
Eu 2 Ak Fxe Fae odet 2
Hr= tha Holx 1}, 800 ppm o4 AE A=A

= Z

!

)
3

A

b

P

I

k)

=

R

L

A

b b
N,

3

i

hu

o Bk g
o

ox

(o3

500 ppm
102 L 800 ppm
E after 1 hr run

Viscosity, 1, (mPa's)

10°} 10! 10° 10°
Shear rate, ¥ (1/s)
Fig. 3 Viscosity curves of Separan AP-273 solutions

Fig. 4+ 2|va A - Felld FEidfal wd
iz g moiFa glew, ARl 0.695
kg/s, zdulzt 0.4 81 ZA5e

o spele A7 dEidel, Uk el FERE
oleh, £AASE AHsA el YHEYL 2
evizs Fubel 30D AAAA FHson, o 2
Aol e eelvlan 4 - ¥ F& Jolng wol
o geh A7k celnag B o 2
Aol 4t HAGdel S kel Frh ol Fof
Az, Aol AAZ e 8 GEY el o
@ 3G A Doluke o F e e
_é_"]:

recovery)-& FE fale] 7% 5-6D H-ZollA sl
A3l o] Folxli= wbwel Separan AP-273 48
sozke HetdfAe dslEe] 20D A A A
ALE e, ot AkAfAe 7% ogsszt
Holl HAE A godo] ¥k A3 2
A ob £ 9o o F Pl 7E

O

-
= »

o qiF7imels Y ATe welFch 109 m
. ;

—» x
Flow —>» : l D
20
I
=1 20
5
8 -40
=3
2 -60
£
E -80
g
a -100 m = 0.695 kg/s
_120 1 | i 1 1 i

1 i
3 -2 -1 0 1 2 3 4 5 6 7
Dimensionless axial distance, x / D

Fig. 4 Pressure distribution along an orifice meter



1506 M . el
(eddy vortex) o] whAlo] Eof &5 ol i

al
A Al]lel s A A =] ofufx] EAle] ks
7] feg ofAA, ol HiHow AHrkAF
Ao FEATe AT SR, £4ATE Ha

= e e oful g,

(x10%)
14.0

€ 120
llé‘ 10.0
% .

5

5 8.0

g

£ 60
s

€ 4.0

|54
£ 20

A

Mass flow rate, m(kg/s)

Fig. 5 Calibration runs of an orifice with water

Discharge coefficient, C '

Loss coefficient, K

Fig.

Stolz equation

0.58 " M | 1
10° 10 10°
Reynolds number, Re,
2
O 8 TS o cobaid ™™
F Nz 0.398 _ f
o Alvietal ]
B = 0.605 1
10! E L P A a0 Advaentemt |

100‘ 1\ I | 1 A

10° 10

Reynolds number, Re,

6 Differential pressure of D and [)/2 tapping in
an orifice

Fig. 5= S ]9 o4 z=u|7} 0. 43} OJ 73
D and D/2 9ol 27 FEA4
Aoz Be A (3ol 2ste] A4bs %éﬁl
BedFq gl HEAGE 2vl7} 0.490 73
Stoltz A& w]m& w] 0.5% oo
ebljwd, ol KStAol A& FEA452
ol +0.6%< Hel ool Zojzkch, ubudof,
7AE A¥ dole Ao Foiz
Ax|ub Al al
of E—OVPU%

to
N
-
A

Foiq ¥HE

Ol% Stoltz 4le] atxo]

L}E}‘fg /‘-_ o],;]r (10) Eg}
grzd zqut 2
dlo] g 247t Fol 42 Z)5) 4

e dEpdch, 2 ‘éfﬂ

SRECIE

Zolgl‘g]

I O o L0 DT ey, ]
Q A
S L
.E' 4
8
3 L ]
&
Q
8 - -
ED — water
—E I O 200 ppm 1
é’ A 500 ppm
p=04 O 800 ppm
0.1 L L sal 1 I A
10° 10* 10°
Reynolds number, Re, 5
C Baa ]
i °a A AR
—C Tguotdiiieo
L)Q + -
5
=
Q p
|54
g)l) . — water
"cg o 200ppm A
2 A 500 ppm
0.1 il " PR A
10° 104 10°

Reynolds number, Re, p,

Fig. 7 Discharge coefficient of an orifice for Separan
AP-273 solutions



& A gt

Fig. 6% o 2|3 o4 k2] 3tell uwpeb D
and D/2 ®13) Aqte] W3hE RoelFe Aoz, A
A2 Eof thdl djo]¥ & A4 5} (curve fitting
g 7olch, HEb4f-4lcl Separan Fg&ole] ¢
Fogel Folol wheh Akl wish: ol ulsiel @

8 rol o,

Ag o 4 odrh ¥ ARl AgR 2

gad

of
zodu)sh ol s g 2 Al o
i =

A
T

+= 200 ppmo g 1 ¥} &
o - Zd o7 b}_E}LLr,}

BATCT
Agse] Fddo=

2

T oA
gko]
go]
Aoz 7]eisH,
Zpope s
A ® Ao R oA,

Fig. 72 Fig. 69| ollo]E 22 e A
A Ak ~g-o o] g o]

Astd oz feke] bl
Lrol a4 Eo| xjgha

110257}‘ a7 3
Moz

NEEE
a4 el wWe
ek 23
c} oq 714 A

Separan 4
- Ao glew,

AL7L 0 49} 0. 60] 73:’? o]r,}_

=

viscosity) ;7“9} rgr 7;173
olujol we} tha Aol o),
o|Separan 5§49 FFA 5= e FEA el
olsted Aubde g i e, 2qsh 0.4 o

°F 20%,0.6% @ °F 15% F= Fohdch =,
Fig.6oll 4] o} 4 ol%o] 200 ppm o] Aol A& F3
Algol| g FEo o Wz glow], o A

B4 Ao wlRHe o] o] o E o4
A4 Mot gl AR 24 (4 (5) 82 5
= fa S8 Hee walth of/]4 dlojEa

Frb owlad 2 WeledA FEAS7E oha Gk

10° ] —— T
C 3 a & ED%DW 1
. [ [p=0e] :
g '
2]
g w0 b B0 om0
2. b = —  water p
— [ O 200ppm ]
| A 500 ppm )
0O 800 ppm
109 NN e
10 10* 10°

Reynolds number, Re,

Fig. 8 Loss coefficient of an orifice for Separan AP
-273 solutions

A
w

el

N
=

P
l o roh

13 HE
SRR

7hA =22 2

=

Aol fEAT=
srof, Fig. 9% 0;3 A A ekgek( =0.695 kg)
dul7t 0.6l 3 e

o

EE|

o} 2ok 10% =27,

s

o
<]

Bfed]

]

5D ol

Fig.

Dimensionless pressure,

=

A
obelg| Mo

8
My 6 ———  water
Al 4 —e— 200 ppm 1
—a&— 500 ppm

2 —0— 800 ppm

0 ]

= §Ml
g 3h= w2

2oz sdgch
2o i Separan AP-273 -84
o] EAAFol
1 = ok 25%, 0.69 7
£ 2e 3 uehich Hols e
Aakd, 2 ol%E b el
3¥) 10D olFe) 4% 5Dveh A
Shels¥o] R d o) FolAk 3
of glo] vha 27} gl7] wiFoz A
FEAGS RN R EAA S

200 ppm o] 4ol A & o aFel

o,
o

=2}
k=8

2| alg

4.,#
o N

2 2|7 0] ¥

2 i ol
lo PR

>

ol 4

ofo

H o] Separan

2 & Wl

e

e
&
¥

oo K

|o 30

b

o

]

;A
ol OF
ol J}
ob
>0

L
|o
_E‘

=
—m
S
A
Jr e
o
o
43k
iy
2%
W 2

Y
e

oo
N
o

+= Separan

200 ppm o] 4-ofl 4
o A3l ot
PEE P RO
o] oA v}, Separan

fir

off
trt
o

ol

(=
¥

=2
A
r‘r>:‘
-z
=2

wlel 7}l
=9

247 3]

L
/g \_

o Pressure taps

IE

m =0.695 kys ul

N N
-2 0 2 4 6 8
Dimensionless axial distance, x / D

Pressure distribution along the Venturi meter

P

10



Zojx 9-10D FT74A A=

A% 2) 50 o]

=qhye) 450t g2, @ﬂ@%mg 3%

5 ot FEA
+ =42 A3 ¢ wle 2%+ Fig 9o 4wl
F A8 wheb Zho] ISO-5167-1%ef whzre o, Fig.
10

= A (Dol ofsted A4bxl &3t Separans£-<)
o FEAFE HodFn ok IS0 qtAel ofshd
2ol 4] e Al T—MIT.% ol E =gt
10° ol el A= Aol sz2rt Fobkel whet Fot
shut, % dTelAe 64101%_&#4 Welvh 1 oole}
2 fEAse A Hh fle AeR vebd
Separan 2] F&A 55 200 ppm o] el A=
F=o ok whg e glov, dolwxs F
Zholl whet A Fobshe dE oS Rl

e, delEzgt

EAo Ao 2

1 T N T
. F "&’)‘&+ 4
© 095 + -
£ it
b= d
= N
L
s 09 ryao ®  water
] F + 180 5167-1
£ o 200 ppm
z 0.85 & 500ppm
o 800 ppm
0.8 il
10¢ 10° 10°

Reynoids number, RcNi

Fig. 10 Discharge coefficient of Venturi meter for
water and Separan AP-273 solutions

10 g Ty
F ]
Aétfl ]
¢ %
il *
3 T
=) 1 F 4
g e o 000Ny
g o water
= [+ 200 ppm
© 500 ppm
a 800 ppm
0.1 i i1 gl n 1y
10° 10¢ 10°

Reynolds number, Re,

Fig. 11 Loss coefficient of Venturi for water and
Separan AP-273 solutions

Fig. 112 w72 o4 Z*EL“ Aol EAA
FE RoiFar gleow, wol A& dlolEe A
< b Alsht #lo]E 2l 1&741 glol 719} o4
g gkl wkHef Separan gdel Ag ellelE
Z

& Zobel whe} ztasbs ol AE oz
244 viebfie, =3, Separan &9 £A4
G Fo EAA S vlsed wig ZA vheh
g, ol& A (3)9] #4 ‘74%?91 A ojofl Al B v}
9} o] wha gk 748 A 2 upabA| o) ol
Al g o8 Kitol %—ﬂd% Ao #Asc

LA A Ak Aule) FEE ol F U=
szlg av)eu} wlFevle e} e asHAl fA
of o)k fukzA ] frae] AeldasE nashad
o}, el avte FAYAe] TFYOR 2YHE
0.4%F 0.6010), xFd HlFlel 2Ydule 0.49
o}, *d E} A A 4= Separan G--2-o% ALgshol o
o, A@AnzLe g 3 HW ook dES

Oéeith

@© e FAQl Fo 4% 23ga W ullFe
Blo] §EA4= KS o AT s gEex we
Woll Hud, EAAG wdk 7|2 d@Aet @
olz)slm ot

@ 22|47 FejelE o] BRolld e E] g
< el FAle A 56D A A sbd3 o]
o] &= whdell, HebdfAli= 10-20D A AHAA A

e T
Sxle, A geiede] &

s

Z~ ol

o]_‘\;_ AL/K §31) 2] 7:!O

LAYl
woh fAe 2 s e orldeh
@ 9.2]¥ 2ol Separan AP-273 £&oi2] &
o UH] 7]‘ 0.4 9]’

FAlgE 5o FEAT vldle =
0.68 7% 7H7 20%, 15% Z=74gF dbedol, =44
K)ok 259%,10% A5 Zagch, =3 200
ol
- A

ppm o] Aol FEe of &2

!
7]1-7

Ol
zZ
o L

rir
ol ©
2 o b ok o o

[
S



ool 3 1994l s B ol F2AH
28 ME94-B-07) el <l 3ted O_%’—Elaiiv%,
A AgA 2 s =sdch

gl

)

(1) Brain, T. J. S and Scott, R. W. W., 1982,
“Survey of Pipeline Flowmeter,” J. Phys. E. :
Instrum., Vol. 15, pp. 967 —980.

(2) MEZ, 1989, “FHFAN EE, I E=
wEgas|A, 184, A4, pp. 255~270.

(3) Bean, H.S., 1971, Fluid Meters, Their Theory
and Application, 6th ed., ASME, New York.

(4) Hayward, A. T. J., 1981 Flowmeters, The

Macmillian Press Ltd., London.

24 W4,
EER)
(6) IS0 5167-1, 1991, “ Measuvement of Fluid Flow
by Means of Pressure Diffevential Devices,” Inter-

TaEF Alels] Aol

national Standards Organization.

(7) Mottram, R. C. and Rawat M. S., 1986, “The
Swirl Damping Properties of Pipe Roughness
and the Implications for Orifice Meter Installa-
tion,” Proceedings of International Conference of
Flow Measuvement in the Mid 80’s, Vol. 2, paper
6-1.

(8) Mattingly, G. E. and Yeh T. T., 1991, “Effects

/«

FAlel §3 W £AAF

b

1509

of Pipe Elbows and Tube Bundles on Selected
Types of Flow Meters,” Flow Measurement and
Installation, Vol. 2, No. 1, pp. 4~13.

(9) o|m¥, ubdsh &WE, ol A3, 1993, "4
Ao} eln afo] Zx7F 2B SeEAY wF
Aol wlAE 33" AT Aste '93dE F
Ased s =24 (D), pp. 377~380.

(10) Morrison, G. L, DeOtte, R. E., Moen, M,,
Hall, K. R. and Holste, J. C., 1990, “Beta ratio,
Swirl and Reynolds Number Dependence of Wall
Pressure in Orifice Flow Meters,” F low Measure-
ment and Installation, Vol. 1, No. 5, pp. 269~ 277.

(11) Bock Choon Pak and Cho, Young L. Stephen
U. Choi, S., 1990, “Separation and Reattachment
of Non-Newtonian Fluid Flows in a Sudden
Expansion Pipe”, J. of non-Newtonian Fluid
Mechanics, Vol. 37, pp. 175~199.

{12) Bock Choon Pak and Cho, Young I. Stephen
U. Choi, S, 1991,
Behavior of a Drag-Reducing Viscoelastic Fluid

«Turbulent Hydrodynamic

in a Sudden Expansion Pipe”, J.
Vol.

of wmon

- Newtonian Fluid Mechanics, 39, DppP.
353~373.

(13) Stoltz, J., 1975, “An Approach Towards a
General Correlation of Discharge Coefficients of
Orifice Plate Meters”, Conference on Fluid Flow
Measurement in the Mid 1970s, National Engi-
neering Laboratory, East Kilbride, Glasgow, U.
K., April.

{14) Cho, Y. L. and Hartnett, J. P., 1982, “Non
_Newtonian Fluids in a Circular Pipe Flow”,
Advances in Heat Transfer, Vol. 15, pp. 59~141.

(15) Alvi, U. S., Sridharan, K. and Lakshmana
Rao, N. S., 1978, “Loss Characteristics of Ori-
fices and Nozzles”, Trans. of the ASME, . of
Fluid Eng., Vol. 100, pp. 299~ 307.



