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Study of Heat Transfer Characteristics of a Spray Spiral
Tube Cooler for Marine Flue Gas Cooling

LI Fang-zhou,BAI Shu-cheng, WU Li-jun
(School of Mechanical and Energy Engineering, Tongji University, Shanghai, China, Post Code:201804 )

Abstract; Ships’ active noise reduction devices need to be connected to the exhaust branch pipe, but
high-temperature flue gas can shorten the device’s lifespan. In order to reduce the flue gas temperature ,
a numerical model of the cooling spray of the cooler is established to optimize the operating conditions of
the branch pipe cooler. Through numerical simulation, the influence of injection pressure difference and
spray half-angle on the cold and hot state performance is analyzed. The results show that the optimal
spray half-angle is 60° and the optimal injection pressure difference is 1.5 MPa for the best performance
of the cooler;the flow characteristics of droplets inside the cooler are analyzed by using the droplet evapo-
ration efficiency and escape mass, and a second-order regression formula is fitted according to the simula-
tion results. The correlation coefficients of spray pressure difference and injection half-angle vs. evapora-
tion efficiency are 0. 19 and 0. 56 respectively; the correlation coefficients of spray pressure difference
and injection half-angle vs. escape mass are 0. 25 and 0.72. The nozzle working parameters should
choose a higher spray half-angle and a lower injection pressure difference.
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Fig. 1 Schematic diagram of cooler spray model
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Fig. 5 Schematic diagram of experimental system
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Fig. 24 Plot of evaporation efficiency vs.

escape mass with spray half angle
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Tab. 5 Test parameters and their values

WO 2 Ap/MPa W KA 0/(°)

1.0 45
1.5 50
2.0 55
2.5 60
3.0 65

X} 78 R AR RN 6 30 o 1 iR AT Z2 0T [ml A 3 A, R
ﬁﬁﬂ‘]m' :

N

N N
y:CO+ZCi9Ci+ZCiix?+ Cyxin +e&
i=1 i=1 I<i<jsN
(12)
APy —HAR R «,, x, —BH R € —
Ko 280G € — —WRITREG €, — “IRITRLG

Cljf _ iéﬁ:@j/%ﬁ, & —Fﬁﬂﬁe%o
B EPEKF- 0. 05, 28 K A0 Flk i it &

@ W TTFE -
n = 509.656 +4.309 Ap® +0. 154 ¢° - 34.466Ap —
16. 7860 + 0. 286 Apf (13)



5 4 1]

ZEITFE, G Rl T AR Ve A W 55 MR A v AN A A A PRI 73

@ = 104.532 +1.084 Ap” +0.0427 ¢° + 1. 894Ap —

4.0776 + 0. 0853 Ap6 (14)

7R R BRI T S e 25 MW 55 £ 1Y) 722 Ak 5
25 iR o UMEOK A R 0. 18 kg/s B, 3 M5 5
s 2 TS 25 2 f R 23 (i 28 R RCRAeUR 1 , iX 52
B MT AR TR . AREESR A (13) , 28 R AR o ME
4130.8% , LT Ap =1.9 MPa, 6 =53.03°; fr KAt Ky
59.2% , it Ap =1 MPa,§ =65°, 4t 251K
B, YRR W) B T O, ¥ R TR, 28 AR
Ko TCIBMEFEZE = IR, i 55 F M T Xy ik 3]y
FERRR o WA T 22 55 W 5 2 £ W) 288 R R IY BE IR
ARAHIC R BT 0 2 0. 19 F1 0. 56, R B i 55 2 £ 748
X 78 KRR R TR

R %

25 EEMERBHEERBEXANETL
Fig. 25 Variation of evaporation efficiency
with injection pressure difference and

spray half-angle
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difference and spray half-angle
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