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Determination of Inter-Relation bztween the Characteristic of a2 Pump
for Single Phase and Two Phase Flow
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Abstract

Using a 1/10 scale model pump, which is desinged and manufactured to simulate two phase
performance of reactor coolant pump of Y.G.N # 3 and 4, a set of experiments was executed with
water and air of cold states (at atmosphere and room temperature), A head loss coefficient,
which is defined as a nondimensional ratio of the difference of theoretical and actual pump head
coefficient in single phase to that in two phase, H*= {¥u-Vuc) .6/ (¥is~ Vace) s,p Was determined
as a function of void fraction @ and flow coefficient ¢. The calibrated mass flow rates of air and
water were used to calculate the void fraction by using drift flux model. In particular, flow
fluctuation starts when the void fraction is 0.01, then as the void fraction increases it becomes
more severe, and finally flow stops when the void fraction is about 0.01,

7 & M He— ho . % ol gy (total enthalpy)

c A9 o] &4 x (ideal tangential compo- m : A8k 8§ (mass flow per unit time)

nent of velocity of the fluid) Power : ¥ FF 2¥ 4E (pump motor power
DfrAlel A A4 s (actual tangential com- input)

ponent of velocity of the fluid) QL . £ A $2%(leakage volumetric flow rate)
. 28 7}4 % (gravitational acceleration) & . % A& %2 (total volumetric flow rate)
. & A4 (constant in Newton’s law) U 9l sl 8 3 A 4 x (impeller peripheral
. & 4% (total head) velocity)

» 3 = 27 ol § (pump motor power output)
© A% (quality)

I 4% £Av] (head-loss ratio)
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e8] A 4 (number of vane)
. 7] 24§ (void fraction)
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Ao ddz A 47 (angle of

fluid vector relative to rotor periphery)

Vj D= 29 7]8ehy 7 (angle of tan-
getial to rotor centerline relative of tan-
gential to rotor)

DQde A AU sstdA A 3
o] (deviation angle at impeller tip)

c ¥ = %88 (total efficiency)

c 884 i -§ (hydraulic efficiency)

. 71Al" &-§ (mechanical efficiency)

;A& &8 (volumetric efficiency)

1 438 <l (slip factor)

. a ¥ (density)

. 247 & (rated density)

. 24 4 (flow coefficient)

. ¢5-Al 4 (head coefficient)

I

§F ORI}

H X
. 714 A (gas phase)
;o4 A (liquid phase)
. A2 A4 % (meridonial of component of

3 .

velocity)
. A A4 = (tangential component)
. %Ak (single-phase)
. o] Ak (two-phase)
. o] & (theoretical)
coj"lle] Y4 (normal pump inlet)
;e E(tip of the impeller)
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Fig. 1 Velocity diagram for fotor outlet
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AYelA $FoknA e FL d4E 3 T
719 fes mAgs gty by A (4P)eldl,
AgeA 72§ SAHL o]z Fo] Ronz g3z
o F9l AAY E 319 FF%E& EH%NA F
Fregoll 27 olAtRol A T EE A4St o] F
AZ g 71289 FAE olfdld FH(HA=:
x)ol A FrEe2 FEH T BAAY =7
Ze Z32 =d(drift flux model)5¥s T3¢t
(FE), 23 3719 7% £Ho+ 28das A
Satgen 9 9 dAF3E FALNR @
77 FA%A EARAn, F19 ®FBE ES
A T4 715 AHgste 719 4g JF AA
3 ARG aho] o8] A Eat AHA
Hg EFAHs 2ASG, DAF AgolA de
Hoo EAFAHA o|4FAGAA et AaE
o] &3t F A w4 F2A S (flow coefficien-
cy) ot 712 g2 a2 o] AFoAe FFEAY]
(head-loss ratio) & A3l o] AFo AHA]
o= 7IEgo] Ul weld A¥AA o AS
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A 1874 12494 52 Aoz AZSE 9o o
o HEpe AQFez Addg

3.2 AY Az

2 AL Y YA Lol SBLOCAAle] 4
7 Gz o|AfFAe MY AFE dEss] 9
& Adolmz ng, vdzAH 24 T8 A%
g Aol Mo ulgtAsiAat Ao B34, 2%
27k3t, AYAAe] ofe L5 Hils S8 4
Astell Al F71ek E& AHgste] Agsigen A9
AAE 2dY=E, F/FYAA, AR (A
o Uz A Sez A5 9ok (Figs.)

(1) 2 H=

8% 3,457} A4" WAAY=ZE 1/109 =2
712 F4d Falde] YR E FF AT
cH(Fig.4), 2= duleje 649 AL Zn

RCP Model W.T | Water Tank
B mm [1]

D.P | Differential Pressure M Motor

T m ST |

L4 A

Fig. 3 Schematic diagram of test loop

Fig. 4 Important region of the model pump
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Table 1 Speciflcations of Y.G.N #3 & 4 RCP and model pump
RCP(Y.G.N #3 & 4) Model pump

Type Vetical, Single stage Vertical, Single stage
Design heac(m) 103.2 2.2
Design speed (rpm) 1200 1750
Design flow (gpm) 82500 120
Outdiameter of impeller (m) 95 9.5
Diameter of

e e .
Manufacture KSB (West Germany) Chung-Woo (Korea)

A3 Hzo F79} $27 & FHol 7.5cmeol
29 1914 (0.75kW) o] FE= o] 23l 2Ed
of, 2T E 4% 2.2mAS, % 120gpm, 3
A4 =& 1750rpmo| o} (Table 1), 2y zE 43
o2 FAE FUst Yoz $23=E X3
Rer oA <k 0.5me] Folo] A= o] 9)
o, 2dgze ok 1500mmAgolAd $AHR, 3
Z25 53¢ E& FHA 7.5cm ol E Easld
HFHAoz 27 5cm Holz2 F4ARHY I $
g5, =gz 24 FFn =N 2
H B AR dste HA 4%y "€a (44
60cm, ¥l 90cm)F AA3Hct AL g
ol AdE sPsinz gayg JiLEs 2dge
F 2AY Fo| FEEEE 7Sl x&EH
on, FRee mdHAze F4& WA (AA 7.5
cm)2o g AZA=e] g,

(2) 371 Fd AAH o F9 o128

o] 4f Aol T7EF FY3NA o|4F HHE
g7l sy F0 AEE AASAS F
45719 §3L 19tFeln, FoaAAgeast
Hx Alolo] Ax=Ho] glew, A7 0.5cme] Fa}
28 F2F o83l F ofadipe AHdA
Fushe Y A7 1.25ecme] spojz s Fd o}
g S Fde whgoe R AAso 3
o 9o FYUA £ 9F2 AT Ay
oz gz ARolA Fste Bz F5He W
7l 2z gong ARN Fdte wygg A
£ ok, RS E 3719 FFE =48 4
slo] 3] &7 F4E 7.5cm slo|Z Alolo
1.25cm 7+A9 egis2rt AAsolgle, F¥z
A& A%l gz Wusl A= g}, 37
&7l oF 1000mmAq Ax9 ez Fr&

N

F952 Qeh o AFolA FEYHE BN
sl = = F4¥ AAe Adel I 8
cm, Aol 60cme| o olaPHL 432 4
ah3iet,

(3) A% %

#3548 2402 999xF ASME #Ao
detd f5oz AR, AL eA4E B
o] A4 2444 4Pt g9 £
£ 457 98 7.5em FAY e as
AR ast Fo1F Aol A g om 4+
Az Agae U-A8 ddAe 3¢
Ao}, =¥ 1.25cm A9 2edae 9
+3E 2437 Aa T GRS FARYY
Aelel AAslo} glom a4l FAAE A 2siel
2AAZL 2 FHNAZ & AgdE U-

T A A2 i,

L
H
(=]

=

M do 4

4. 23 ¢ 1@

4.1 ctdFolise H}

gz cAF AgAds zgzdss o
Wb AAHZ AN Fo| Fo| st 45E
F7hee Ao Jelxch, Bold AL fEol 0
oAwll ok 0.5340|%1 FFAF2F FFASA S
of wte} ztasleh FEFA4 0.0252, ¢FA4 0.05
ol A 288 F7 ste, FEAIS 0.05, FF
A4 0.520 A=A oA A dche Aot} (Fig.
5), ol 9 3.43719 Y44 Pz E4H §
Aleie, Hxo 2FddE AFFIgnA g3
A& Jvebdo, A#E Fig5dlA M%o] o] &4
¢l Busemann4| 3} vw]m 3l {eA 49 Frlel ot
B +F5A4 gaste A A%E Az
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Fig. 5 Theoretical (Busemann’s equation) and
actual performance of the model pump in
single phase

vetdz gt =9 H=of Adifa (o 0.005
m®/s)oll A9 A FE oF 0.1090]=, o=l 4
FAGE o 0.47012, FF 0ol A FFA4E 0]
I FFASE o 0.5349¢ & 4 Uik

4.2 O|AROIAMe EI

o] AR AYAH cdAFolM dojA FFAG
sEAg-o Hre E4FAe=z He {FE5AS
NEEY 42 45 £An) (head-loss ratio) 7}
AALE e, ol Aol mulg =i chalfelae
Y EAAE 2 HEo Fi=E 28] F
Zhatd gz okdzbe] ghde] A3 AFE ok|A
A H=ze +5 A4E 2l FBESE F
#g o3| 7ich(Fig. 6), olu] H= ofxlzlel gt
Hg 4% U-xa F2¢48 Ao Adude
o 10cm oj4te] EFH3 AFL ehiglEd,
ol F FAAY AFoz QT AP 59 o
L A7 Yol 1 e 52 Aoz 12
WA AZ7E 9ol oo HFFL APz A
35, o] dFolA gz £5E S Ego
0.01 F=ARA L 2tanwids d2 gleov 712§
A F7h8ld Hzeo 5= FA3 dojxv, H
2o $E27HFL F£59 £4 AZo oA wis
steb7b 71280 0.1 o] Ae] HE A= e £359
+ AA48A ok (Fig 6). <128 AL #4d" 2
717F M2 Wfo F7] dole]s FAsd F= 4
delz He e Bo YAHS Hoj=a Hxzo
EES AA7I7] wlFelch Fig. 7oA wxo]
NEgol FHE4E 4544 E A2 gade o
4 Qe o] oA FolA Y FFEA v (head-loss
ratio) & @3, FYsE 7128 0.01F =
A 2 g W3bsl 22 o, slEge] 0.01
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Pump differential pressure AP

L L L N L L s
000 002 004 006 008 010 012 0.4
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Fig. 6 Pump differential pressure vs. void frac
tion (0.04< ¢ <0.11)
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Fig. 7 Comparison between experimental ersult
of the single phase and two phase
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Fig. 8 Head-loss ratio(H*)vs. void fraction («)

oA 0.054 52 ZFrlstd +5E4due 44 A
A 712 go] AL F743kd 0.1 29k Gtz
o] F&Aue gatsA Fr13(Fig. 8), =&
&€ 24sdA 493 A Fig 84 vehd
AF Zo] FUT 71E g4 59 E4AE
2 f3eld Bodx 22 feld FPLo 45&
Ael 3A vebted, ol FAY W4l %34
2 o] 2w 2L Sz g4 Z39 73
AqolA mete g ghe FHAFA 4F£4
o]l ¥ 2A veixich, o) AF AddAY £F5FH
£ dobslr] st HE FYF Aol 4302 4
23 9 oladIE T4 ARF FFHd+E
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Fig. 9 Void fraction vs. flow pattern

Z1Zgo] 0.01o14 0.03F =ML &L 7250
w27 §9l3le 7| Z(bubble) EHeS =}
7128 0.05914 0.085-2Zol & ojejd 2L 7|2
7t 2d ¢ & A2y 27 AJoldE YA
F9 otaddel AFo] o Hzz §slE #
% s vodFe, ALsto 712 go] 0.10 A=

AME 5 ofaznel 4550l 2 2AHolelE
o) fo] Aze 4+5EAREA Feb FAL4Er}

2FgAez dehte 22a(slug) $Eot 2
$ (stratified) $5¥eNE Jehich ZlZ o] 0.1
o4l fu Wxe) FEL YaA 97 (Fig. 9).

43 E-3 4
2 AYe 3 F7E A A%t Aol AY
Fy3lge=z AAle SBLOCAS H4H3 =
9| Z7](steam)2} £& A8 AdAze ofi
o] Aolsl & F Uk F, 71EEo] Frlo o
5o Wi 29 F71E AER Ade]
218 AE% Aded o F4 wHetE stz g
<+ & 4 ch(Fig. 10), ol A2 Aty 37
29 AdoiAde F4H $Fo A% ¢F o
AEFs gloemg 3¢ 299 &3 Fr9 A
ol vl3le] ¢4FEo| Wolxr] oFeoz FAHH
L oALE g ngtez QA3 Y=o FAH 49

o N o

ot B o odo oy du

1 A4 - o3

I ¢pg=0.143
XLt K3
~ L0
é .10

at s 08
_5 50406
n X 128
'x 1
=
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Fig. 10 Head-loss ratio (H*)vs void fraction (a)
for CE data(Replotted from Fig. 5,3 of
Ref.5)

Y AgRAL JFe BAT fa qHq G
EAE 8¢ Rog Asgn, ne 1ol Z|
o £ o[4FE Wxxe FToz nr A
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o B¢ oAFry FAHAA Ao}, o aHe
compressibility &3zln g}, o]z ¢l3led ;e
agrel B3 2718 A48 AdAE 42 A9t
o 3 3715 A8% AYuc sxge] Zre
of we} +%o] Wl Auidos aksAl et
ue o 52 ZgolME 2ok 4EPL v
F3 gy, 22z A wALe) @A B
oA Bw 4 At &3 T2 4Pt o4
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2 =
sglze BHA 2 (Drift Flux Model)

o] = w38 Zuber, Wallis, Ishii S0 &3}l 7zl
2z, $5ee Bt WA BAAL A
g3 ol A% sidol Aoz ¥ AgHz
e,

A4 gt A Zgel WAL e 2o,

“~"Co +ﬁ(Jg;'/ J
a=7] 28 (void fraction) = A;/A
£ =& & (volumetric quality)
=Qy/ (Qs+ Q)
7 =(Qst+ @) /A
Co=4% <ol # (distribution parameter)
U=7% B7F =g =zE % 5 (weighted
mean drift velocity)
(1) 0<a<9.15: 71 % $% (bubbly flow)
Y 4 FEeA
Co=1.0, Uu=1.53(1—a)lag(m—pe)/p%]""

o=3%H
=] U=
ps=714% U=

(2) 0.15<a<0.3: 7| F-22 $% (bubbly-slug
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Us=1.41[0g (o1 —pg) /p* 1"
P=A 3} (static pressure)
P.,=%A < (critical pressure, 52
P,=221.2 bar)
(3) 0.3<a<0.8: 282 F % (slug flow)
Co=1.2, Uy=0.35[0g (0 —ps)D/p*]""*

flow)
Co=1.5—0.5 P/Per, D>5cm
Co=1.2,D<5cm, P/Px<0.5
Co=1.2—0.4(P/P.x—0.5), D>5cm,
P/P.+>0.5
D: Y AF



