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Ammonia-water bubble absorption in air-cooled vertical finned tube

LUO Yulin, XU Shiming
(School of Energy and Power Engineering , Dalian University of Technology, Dalian 116023, Liaoning, China)

Abstract: A detailed description of the heat transfer and mass transfer during ammonia-water bubble

absorption in air-cooled vertical finned tube is presented. The tube is externally finned. The ammonia-water

absorbent and ammonia vapor enter the absorber at the bottom and leave at the top. A differential

mathematical model for the heat and mass transfer is proposed based on mass and energy balances. The

changes of the two-phase flow, such as churn flow, slug flow, and bubble flow, are analyzed. The heat

and mass transfer between the vapor phase and the liquid phase in different two-phase flow, and the heat

transfer from the two-phase flow to the air outside the tube are considered. Solving the differential

equations, local values of some important parameters temperature, molar ratio and their variations along

the absorber length are obtained.
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Table 1 Geometry and material thermal

properties of absorber

Parameter Value
inner tube diameter/m 0.011
outer tube diameter/m 0.012
fin spacing/m 0. 006
fin thickness/m 0. 0002
fin equivalent height/m 0.03
tube wall thermal conductivity/W « m~! « K! 13
fin thermal conductivity/W « m~ ! « K1 204
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Ny
bubble flow

slug flow

two-phase flow

churn flow

A P A R A A R R P Sl SO OIS
R R A A AP IARAI LIS

vapor in
BT XA R B SO R T

Fig. 1 Air cooled finned tubular absorber unit
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Fig. 2 Model of differential element
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Table 2  Absorber inlet parameters

Parameter Value
ammonia vapor mass flow rate/kg ¢« h™! 0. 36
ammonia vapor mass concentration/ % 100
ammonia vapor temperature/ C 15
inner tube pressure/MPa 0. 26
weak solution mass flow rate/kg « h™! 2.7
weak solution mass concentration/ % 33
weak solution temperature/ C 45
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Table 3 Numerical simulation results

Parameter Value
churn flow achievement position/m 0.108
slug flow achievement position/m 0. 666
bubble flow achievement position/m 0.936
strong solution mass flow rate/kg « h™! 3.06
strong solution mass concentration/ % 41
strong solution outlet temperature/ C 36.8
absorption height/m 0.936
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Fig. 3 Temperature profiles along absorber length for
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and interface temperature
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