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Experimental and theoretical studies of jet pump performance

Mr. Peera Niyomdecha

Mr. Phuvadol ~ Wilarath
Mr. Visitson Saengpet
Assist. Prof. Chamlong Prabkeo Adviso

Abstract

The design of a water jet pump * various parameters, such as size and shape of a nozzle and
suction area ratio (d/D), mixing chamber length (L) etc., have to be considered. The goal of this research
is to investigate, experimentally and theoretically, the effect of nozzle and suction area ratio on the water
Jet pump efficiency. In theoretical analysis, the simulations were carried out and based on the
momentum and energy equations of fluid flow. The result from both methods are in good agreement. It
was found that the nozzle and suction area ratios (d/D), in the range of 0.5 — 0.6 yield the maximum

efficiency, about 30%
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MANUIN N.

Tsunsudrnuman1angus (MATH LAB)

clear all
Kme =0.1;
Ks =0.7;
Kj = 1.0:
Kd =0.2;
aj —=0.3;
as =1.4;
ad = W3s
beta =0.1:0.05:0.7;
N2 = length (beta);
dphi =0.01
forj =1:NJ,
B = beta (j):
elta =0.01:

1 =gl ;

while (elta > 0.001).

P = dphi*(i);

phi(i,j) =R’

Hd(1) = B*B*(1+P)"2*(ad-Kd);

Hs(i) = P*2*B"2*(as+Ks)/(1-B)"2;

Hp(1) = aj+Kj:

Hdp(1) = 2*¥B-2*P"2*B"2/(1-B)-B"2*(1+P)*2-2#P*B*B*(|+P)+B" 2*Kmc*(1-P)"2:
He(i) = Hdp(1)~Hp(i)-Hd(i);

H(i) = Hdp(i)~Hd(i)-Hs(i);

HR(ij) =H(1) He(i);
n(ij) = P*H(1)*100/He(i);
elta =n(i]):

1 =irls

end %% End loop while
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end %% End loop j

tigure(7)
%subplot(221)
plot(phi(:,2),n(:,2),'g";
hold on
plot(phi(:,3),n(:,3),'r);
plot(phi(:,5),n(:,5),'b");
plot(phi(:,7),n(:,7),'k');
plot(phi(:,8).,n(:,8),'m'");
plot(phi(:,12).n(:,12),'m+");
Y%grid on
axis([0 2.5 0 30])
title('P = 0.35 MPa');xlabel(' Flow Rate Ratio (QR) ');vlabel('Etticiency (n)");
legend('d/D=0.40, 6 mm','d/D=0.47, 7 mm','d/D=0.53, 8 mm",'d/D=0.60, 9 mm".'d/D=0.67.
10mm','d/D=0.80, 12mm")
hold off
figure(2)
%osubplot(222)
plot(HR(:,2),phi(:,2).'¢"):
hold on
plot(HR(:,3),phi(:,3),"):
plot(HR(:,5),phi(:,5).'b");
plot(HR(:,7),phi(:,7),’k");
plot(HR(:,8),phi(:,8).'m');
plot(HR(:,12),phi(:,12),'m+");
Yogrid on
axis([0103])
title("P = 0.35 MPa');xlabel(' Head Ratio (HR) ');ylabelt'Flow Rate Ratio (QR)'):
legend('d/D=0.40, 6 mm''d/D=0.47, 7 mm".'d/D=0.53, & mm".'d/D=0.60. 9 mm'.'d/D=0.67.
10mm','d/D=0.80, 12mm")
hold off
figure(3)

(

“osubplot(223)
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plot(HR(:,2),n(;,1),'g");
hold on
plot(HR(:,3),n(:,3),'");
plot(HR(:,5),n(:,5),'b");
plot(HR(:,7),n(:,7),'k");
plot(HR(:,8),n(:,8),'m");
plot(HR(:,12),n(:,12),'m+");
%grid on
axis([0 1 0 30])
title('P = 0.35 MPa'); xlabel(' Head Ratio (HR) ");ylabel('Efficiency (n)');
legend('d/D=0.40, 6 mm','d/D=0.47, 7 mm','d/D=0.53, 8 mm','d/D=0.60, 9 mm','d/D=0.67.
10mm','d/D=0.80, 12mm)
hold off
figure(4)
%subplot(224)
plot(phi(:,2).HR(:,1),'g"):
hold on
plot(phi(:,3).HR(:,3),'r):
plot(phi(:,5).HR(:,5).'b"):
plot(phi(:,7).HR(:,7),’k"):;
plot(phi(:,8).HR(:,8),'m"):
plot(phi(:,12).HR(:,12).'m+");
%grid on
axis([0200.8])
title('P = 0.35 MPa');ylabel(' Head Ratio (HR) ');xlabel('Flow Rate Ratio (QR)"):
legend('d/D=0.40, 6 mm'.'d/D=0.47. 7 mm',d/D=0.53, 8 mm','d/D=0.60. 9 mm','d/D=0.67.

10mm".'d/D=0.80, 12mm"')
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HANUIN V.

A19199 4. 1 venAmguauAveai

VYapor- Bulk

Kine- pressure modulus Thermal

Specific matic Surface head of conduc-
weight Density  Viscosity  viscosity tension absolute  elasticity tivity

Temp, v, P, pxX 10, px10, o x 10 pely,t Kx107, k,

%6 . Nm kg/m’ N-s/m? m’/s N/m m_ Nt Wm K
0 9806 999.9 1.792 1.792 7.62 0.06 204 0.561
S 9807 1000.0 1.519 1:519 7.54 0.09 206 0.571
10 9804 999.7 1.308 1.308 7.48 0.12 211 0.380
15 9798 999.1 1.140 1.141 741 0.17 214 0589
20 9789 998.2 1.005 1.007 7.36 0125 220 0.598
25 9778 997.1 0.894 0.897 7.26 0.33 222 0.607
30 9764 995.7 0.801 0.804 7.18 0.44 223 0.615
35 9749 994.1 0.723 0.727 7.10 0.58 224 0.623
40 9730 992.2 0.656 0.661 7.01 0.76 277 0.630
45 9711 990.2 0.599 0.605 6.92 0.98 229 0.637
50 9690 988.1 0.549 0.556 6.82 1.26 230 (.643
55 9666 985.7 0.506 0.513 6.74 1.61 231 (0.649
60 9642 983.2 0.469 0.477 6.68 2l 3 "4 0.654
65 9616 980.6 0.436 0.444 6.58 v O 226 0.659
70 9589 9717.8 0.406 0.415 6.50 3.20 225 0.663
79 9560 974.9 0.380 0.390 6.40 3.96 823 0.667
80 9530 971.8 0.357 0.367 6.30 4.86 22 0.670
¥5 9499 968.6 0.336 0.347 6.20 5.93 27 0.673
90 9466 965.3 0.317 0.328 6.12 718 216 0.675
95 9433 961.9 0.299 0.311 6.02 8.62 211 0.677
100 9399 958.4 0.284 0.296 5.94 10:33 207 0.679

= =t =t J
TN V. 2 Gﬂ'iNL‘lJiEJ‘]JW]UUﬂJHWﬂﬂJE]\‘]’NﬁJ

Nominal diameter, in

§—10 1i-16. 18-23

] 3 1 & 2 3 4 5 6
Gate valve
(open) 0.22 0.20 0.18 0.16 (" roemgehdesme®™ () (3 (012 () 1] SN 0.09¢
Globe valve
(open) Q2L LBES e R e s S G A R S E R 6 < ! 4 |

Standard elbow

(screwed) 90° 0.80 0.75 069 063 057 054 051 048 045 042 039 036
Standard elbow

{screwed) 45° 043 040 037 034 030 029 027 026 024 922 021 04
Standard tee
(flow through) 054 0.50 046 0.42 038 036 034 032 030 428 026 024

Standard tee
(low branched) 1.62 1.50 138 1.26 1.14 1.08 1.02 096 090 084 ARE 0
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MINN . 4 vonal K VOIYAVDADUA ALY

Threaded tee joint
K = 0.9 (line flow)
K = 1.9 (branch flow)

Flanged tee joint
K = 0.14 (line flow)

E‘_\i@ K = 0.69 (branch flow)

K=10.08

l‘ ] Couplings and unions

V:  Sudden
; expansion

1.0

0.5

0.3

0.2

K 0.1

0.05

0.03

]'I[TI [TTIII

0.02

0.01 Py, | T ] B
0.1 0.2 0.3 06 1
(Dy/D3)?

Reducing bushing and
coupling (sudden contraction)

b g
2g

0.6

. 0.4+

0.2

02 03 04 06 08 1
(D2/D,)*
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Well-rounded
entrance or
bell-mouth
inlet

K = 0.05

Square-edged
inlet
K = 0.5

Flanged 90° elbow
K = 0.31 (regular)
K = 0.22 (long radius)

61

Reentrant

inlet or inward-
projecting pipe
K =1.0

Threaded 45° elbow
K = 0.35 (regular)

Basket strainer
K=1.3

Flanged 45° elbow
K = 0.17 (long radius)

"Foot valve
K =0.8

—)——]
==

NESH

|

Threaded return bend
K = 1.5 (regular)

Threaded 90° elbow
K = 1.4 (regular)
K = 0.75 (long radius)

Flanged return bend
K = 0.30 (regular)
K = 0.20 (long radius)
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M379% .6 vonA1 K veagaaluazyaiaig

Ball valve

Globe valve a®= 0 10 20
2’1"1"0"6“ K =005 029 156
a® = 30 40 50 60 70 80
K =547 173 256 206 48 oo
Swing-type
check valve
Check valves:
K = 2.5 (swing type)
K = 70.0 (ball type)
v [ K = 12.0 (iift type)
-
J eave |
TI7777 3 t
Fraction closed = 0 L 3] X
4 8 2 0 06
K =015 0.26 0.81 2.06 B
Fraction closed = % % - 0.04—
K =552 17.0 97.8 Soneres™ 9 K y
outlet 0.02
4
1} 1 e BT
0.4 0.6 0.8 1
d/D
Angle valve
K=2 :
i . ; "
2 - Pipe exit
[ — K=1.0




A19199 4. 7 UBARIA1Y VoIIRAuA Az

Description Source!
@
Pipe entrance ; .
0.1 0.12
hy = K. V*/2g >0.2 0.03
K¢ Ke
Contraction D,/D, 6=60° 6=180° )
0.0 0.08 0.50
0.20 0.08 0.49
0.40 0.07 0.42
0.60 0.06 032
0.80 0.05 0.18
hy = KcV3/2g 0.90 0.04 0.10
Kg Kg
Expansion D/D; - 6=10° @ = 180° )
21 00 1.00
0.20 0.13 0.92
0.40 0.11 0.72
0.60 0.06 0.42
h. = KeVi/2g 0.80 0.03 0.16
Vanes  Without
vanes K, = 1.1 (36)
90° miter bend :
With
vanes K, =02 (36)
r/d (5)
and
90° smooth 1 K, = 035 (19)
Lo 2 0.19
“ 0.16
6 0.21
8 0.28
10 0.32 A
Globe valve—wide open K, =100 (36)
Angle valve—wide open K,= 50
Gate valve —wide open K,= 02
Threaded Gate valve —half open K,= 56
: Return bend Ky= 22
pl.p 2 Tee
fittings .
straight-through flow K= 04
side-outlet flow K.= 18
90° elbow Ky = 09
45° elbow Ky, = 04
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!?J+Xf_+z,=£z+_vzz +zz+:f£lz
rg 28 g 2g D 2g

(a)

V2 £
* E (Kentrance * Kvulvv + ZKthow + K%ut]

~

!
s
!
_:[

{
\
21+XI2—+2‘=21+Y32 +zz+ﬂ‘.12
rg  2g pg 2g D 2g

To a tank or
continued in a
pipe or discharged

Z, :
: }

2
£1+y_x_+z,,—__&+!z +z2+ﬂ:l2
pg  2g pg . 28 D 2g
(c)

1

OB\
From —af—————& y
pump pipe |
or tank | 1

V2
u 2; (Kentranco + Kvalva + 2Kclbow)

:—*::*.Afm_@

{

El+!12_+z,’=£2+yj +z2+.ﬁ:_‘f+

L

2g (K“‘J“ % 2K6150W s Kaxit}
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