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Enhancement of Nucleate Pool Boiling Heat Transfer in Ammonia/Water Mixtures with
Surface — Active Agent

Toshiaki INOUE"™ and Masanori MONDE

*3 Kurume Institute of Technology, Dept. of Mechanical Engineering
Kamitsu - machi 2228, Kurume - shi, Fukuoka, 830 - 0052, Japan

Nucleate pool boiling heat transfer coefficients of ammonia/water mixtures have been measured on a horizontal heated
fine wire at pressure of 0.4 MPa. The aspect of the nucleate pool boiling has been observed for a different concentration of
the ammonia and the surface - active agent. The effect of the concentration of the ammonia and the surface - active agent on
the coefficients was experimentally clarified over the ammonia fraction of 0.1 = C = 0.9 in a region of surfactant
concentration of 0 = C; = 3500 ppm. As a result, the coefficients were enhanced in lower ammonia fraction, C = 0.5,
and in low heat flux ranges that are just after onset of boiling. It was also found that the enhancement effect due to the

surface - active agent disappeared in the surfactant concentration over 1000 or 1500 ppm.
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Fig. 1 Experimental apparatus

1.Pressure vessel 2. Heated wire  3.View window
4. Insulator 5. Electrode 6. Cooling pipe
7. Cooling pipe 8. Thermostat bath

9. Thermostat with pump 10. Pressure gauge
11. Valve T4, Ty, Ts. Thermocouples
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Table 1 Experimental condition

Test mixture Surfactant Mass fraction of Mass concentration | System | Heat flux
ammonia of surfactant pressure | (KW/m?)
(ppm) (MPa)
Ammonia/Water | Perfluoroalkyl compound | 0.1,0.3,0.5,0.7,0.9 0, 250, 500, 1000, 04 q = 1000
(Nonionic surfactant) 1500, 2500, 3500
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Fig.2 Boiling aspect at 0.4 MPa 5 mm



100
C=0.3 C=05 C=0.9
<
o~ AA(A;Q‘ M&w ﬁ
1S Ao
< 10| o° : : vy
o é
Z s @ red R 8 ﬁjo 2
< &
1
10 100 100010 100 ) 100010 100 ) 1000
q kW/m? g kW/m g kW/m
Fig.3 h - q relation
O C3=0, A Cs=1000ppm
50 3 30 50
o o & C=0.1 C=03 ! C=05
S 40 rgg © 10 40
c B
® 8 g = 1
(=)
= u] - 3
£o 30 E E A 30 30 ° é °
S a g 8 g ° 1
(&) = A § O 3 § E
g5 a o & o mgsed B g g L o048 B B
0= lga g, jo5 s & 3 la8 4 g o
8 ? ° 386 o 8 e o
B 0 A . . 0 " 1 n 1 " I 0
Surfactant concentration Cg ppm Surfactant concenration Cgppm Surfactant cocentration Cgppm
50 50
= I c=09
5 C=07 ol
k= L
3% 20 0 | .
- P I. ol
@ °
§_\< 20 O S 5 zoc?ng g B &
g AL & & a a
2 10808 8§ 0gafd 8 8 i
0 : ' : 0
0 1000 2000 3000 0 1000 2000 3000
Surfactant concentration Cgppm surfactant concentration Cg ppm

Fig.4 Effect of surfactant concentration on heat transfer coefficient
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Fig.5 Effect of ammonia fraction and surfactant

concentration on boiling heat transfer coefficients
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