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Abstract

Reduction of heat exchanger cost is a key factor in the economic viability of ocean thermal energy conversion (OTEC)
systems. The OTEC system has a plate evaporator and a condenser, and these heat exchangers affect heat transfer using
ammonia and seawater. The evaporator produces ammonia vapor, which is then sent to the steam turbine. Considering that an
improvement in the boiling heat transfer coefficient leads to an enhancement in the heat transfer efficiency of the evaporator,
the elucidation of boiling phenomena in the evaporator is necessary.

In this study, a visualization experiment on the boiling phenomenon of ammonia was performed. An artificial cavity was
created in the plate evaporator to observe the growth of nucleation bubbles using the heat transfer surface to check the process
just after nucleation among the forced convection nuclear boiling. The cavity was employed to remove the influence of bubbles
from multiple nucleation sites. The experiment was performed using FC-72 as the working fluid at low mass flux G =10—50
kg/m’s and heat transfer coefficient ¢ = 30 — 60 W/m?. The impacts on bubble growth rate and velocity were investigated in
the experiment. The visualization was captured using a high-speed video camera with a macro lens and a digital still camera.
The results were derived from image analysis after the experiments.

As the increase in the velocity of bubbles did not depend on mainstream fluid velocity, the observation of bubble growth
was completed before their removal from the nucleation site. Moreover, the observation of bubble growth was not carried out
in the superheated liquid layer.
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Fig. 2 Schematic diagram of the test section. Fig. 3 Location of the thermocouple and Fig. 4 Artificial cavity

heaters on the test plate.
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Table 1 Experimental condition

Mass flow rate G [kg/(m?s)] 10, 30, 40, 50
Heat flux g [kW/m?] 30, 40, 60
Temperature of the evaporator inlet 7;, [°C] 50.5~57.7
Pressure of the evaporator inlet P;,, [MPa] 0.1000 ~ 0.1290

Table 2 Status value of the experiment
Temperature of the evaporator outlet T, [°C] 483~534

Pressure of the evaporator outlet P, [MPa] 0.0904 ~0.108
Local heat transfer coefficient /. [kW/m?K] 0.67~5.74
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Fig. 7 Location of bubbles vs. each bubble sizes

Table 3 Correlations of the bubble size each coordinate direction

d, = Ax™x d, = Ayx"4 d, = A,x"A
G [kgm’s] ¢ [kW/m?] Ax Nax A, N4y A: N4
10 30 0.00053 0.03583 0.00045 0.03575 0.00040 0.00160
50 30 0.00072 0.14018 0.00061 0.11295 0.00046 0.00186
10 60 0.00057 0.00277 0.00110 0.03323 0.00074 0.02270
50 60 0.00061 0.00229 0.00090 0.00085 0.00090 0.03355

4-2 KADEEDSH

B 8 (a)-(d) IZEEED A 7 TRDIVEEBRO AT v 7> a y ho—filz 3. mifgix, X6 (a)-(d) &Rk G
=10, 50 kg/m?s, A g = 30, 60 kW/m? DEFE4 DDOFEIFITOWTRT . F7z, X8 (a)-(d) 2 BT Si7-&id
DIEELSARNTHONT 9 173

|

(a) G=10 kg/m?s,
¢=30 kW/m?

Surface line

(b) G=50 kg/m?s,
g=30kW, /m? Surface line
(c) G=10 kg/m?s,
¢=60 kW/m’ Surface line
(d) G=50 kg/m?s,

4=60 kW 2 Surface line

Artificial cavity <4— Gravity — Flow direction
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Fig. 9 Bubble velocities distributions at G = 10, 50 kg/m?s, ¢ = 30, 60 kW/m?

Table 4 Correlations of the bubble velocity in direction

v = Bx"B v=_Ct"
G [kg/m?’s] q [kW/m?] B np C ne
10 30 0.509 0.289 0.088 0.0019
50 30 0.209 0.085 0.247 0.147
10 60 0.571 0.241 0.240 0.132
50 60 0.287 0.133 0.232 0.136
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gD, X(4), (ST Friz (Friz, 1935) & Bl VA EROHER L Plesset and Zwick (Plesset et al, 1954) it
BARIC BT 250 E ORUZHONT, BTN E O EIT o7z, ZORERIZOWVTHIX 10 (a)-(d)IS
ok & AROMWHRTRT .
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Table 5 Correlations of the average bubble size, d, against time, ¢

G [kg/m?’s] q [kW/m?] d
10 30 d =3.95X 104000016
50 30 d=6.92X 104014650
10 60 d=7.21X10%¢00107
50 60 d=17.76X10"*¢0012%
0.0015 T 3 T T 3 0.0015 T ] T T 3
r GZIO kg/m S q:30 kW/m —Pred. from Exp. data GZSO kg/m S q:30 kW/m 7—Pred. from Exp. data
L d=0.00039526" "% 1a-0.00069241455
0.001 [ | == ~Plesset and Zwick Eq. 0.001- "] - - Plesset and Zwick Eq.
g @=0.00170:"* £ 1d=0.00125¢"
= [ ~ i
0.00051 1 —-Frizkq 0.0005- 7 --FrizEq
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