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Influence of surfactant on heat transfer of air—cooled vertical absorber
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ABSTRACT

This research was concerned with the enhancement of heat transfer by surfactant added to
the aqueous solution of LiBr. Different vertical tubes were tested with and without an
additive of normal octyl alcohol. The test tubes were a bare inner surface, groove inner
surface, corrugated inner surface and spring inserted inner surface tubes. The additive
concentration was about 0.08 mass%. The heat transfer coefficient was measured as a
function of film Reynolds number in the range of 20~200. Experiments were carried out at
higher cooling water temperature of 35C to simulate an air cooling condition for several
kinds of absorber testing tubes. The experimental results were compared with cases without
surfactant. The enhancement of heat transfer by Marangoni convection effect which was
generated by addition of the surfactant is observed in each test tube. Especially, it is clarified
that the tube with an inserted spring has the highest enhancement effect.
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Table 1 Property of surfactant

Molecule name n-octanol(octyl alcohol)

Molecule equation CgHi17OH

Molecular weight : 130.23
Colorless solution

1. Evaporator
2. Absorber

3. Condenser
4. Generator

7. Refrigerant tank

8. Chilled water tank

9. Constant pressure tank
10. Cooling water tank
5. Strong solution tank © Pump

6. Weak solution tank @ Flow meter

Characteristics Boiling range : 190~198C
Fusing point : -16.7C Fig. 1 Schematic diagram of experimental
Flash point : 81°C
apparatus.
Table 2 Specification of test tubes
Test tube Diameter Length Configurations
14.35 [mm] 1,419 {mm] | Smooth Surface
Bare [ ]
23.80 [mm] 1,419 fmm] Smooth Surface
Grooved 14.35 fmm] 1,419 [mm) --------- Helix angle 18" , 80 Grooves
Corrugated 14.35 [mm]) 1,419 [mm] i ] Pitch 10 [mm], Depth 1.0 [mm]
14.35 [mm]} 1,419 [mm]} Spring Dia. 1.0 [mm), Pitch 10 [mm]
3 . .
Spring 17.60 [mm] 1,119 [mm) [l PPN l; Spring Dia. 1.0 [mm], Pitch 10 [mm]
: 17.60 [mm) 1,119 [mm] Spring Dia. 0.5 [mm), Pitch 10 [mml]
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Table 3 Experimental conditions

Film Reynolds
number

20~180{-]

Strong solution | Temperature 45+05[C]

Concentration 60 0.5{wt%]

Flow rate 28x10°[m%s]
Cooling water

Temperature 35.0£05[T]

Flow rate 3%10[m%s]
Chilled water

Temperature 180%05[7C]
Pressure of absorber 74 1[mmHg]
Concentration of surfactant 0.08[wt%]

TAacoo Tasi

Cooling ‘Solution| Vapor
Water S
LB Eas”
GRr
Geo
;;;;; M e

Fig. 2 Physical model of falling film absorption.
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Fig. 3 Heat balance of the test section.
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Fig. 4 Effect of film Reynolds number on the
Nusselt number with bare tube.
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Fig. 5 Effect of film Reynolds number on the
Nusselt number with grooved tube.
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Fig. 6 Effect of film Reynolds number on the
Nusselt number with corrugated tube.
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Fig. 7 Effect of film Reynolds number on the
Nusselt number with spring inserted tube.
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