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Experimental Study on Heat and Mass Transfer

Characteristics in Small Tube Absorber

Keun-Tae Lee

Department of Refrigeration and Air Conditioning Engineering,
Graduate School, Pukyong National University

Abstract

The wuse of the absorption chiller/heater is being greatly
promoted from the viewpoint of utilization of the unused energy,
preservation of congenial world environment followed by the
settlement of unbalanced demand between electric power and city
gas. Absorption chiller/heater which uses heat source energy as
a driving power can not only reduce the electric power demand
but also obtain the promotional effect of city gas demand.
Absorption chiller/heater can utilize the unused energy of the life
waste heat, the industry waste heat, the solar energy and the
earth energy. These contribute to energy saving. But absorption
chiller/heater has the demerit that the size of absorption
chiller/heater is larger than that of vapor compression type based
on same capacity.

In this study, the experimental apparatus of an absorber is
manufactured as a bare and corrugated tube which diameter is

15.88mm, 12.7mm and 9.52mm. The characteristic of heat/mass

- i -



transfer is investigated by the experimental method in the
absorber of small tube. The absorber using small tube is
examined closely through the experiment of heat and mass
transfer characteristic (o the quantitative and qualitative analysis.

The result of this study is supposed to provide relevant data
which could be referred for the optimum design of small-sized,

the light-weight absorption chiller and heater.
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NOMENCLATURE

Total heat transfer arca [m’]

Concentration [wt%]

Specific heat at constant pressure [k]J/kg - C]
Diffusion coefficient [m’/s]

Mass flow rate [kg/s]

Acceleration of gravity [m/s’]

Enthalpy [k]/kg]

Overall heat transfer coefficient [kW/m" -+ C]
Mass flux [kg/m” - s]

Nusselt number

Pressure [kPal

Interchange heat value [kW]

Heat flux [kW/m’]

Absorbed Refrigerant mass flow rate [kg/s]
Reynolds number

Sherwood number

Temperature [T]

Velocity in X-direction

Velocity in solution thickness direction



Greek symbols

a : Thermal diffusivity[m/s]

B : Mass transfer coefficient [m/h]
I . Solution flow rate per unit length [kg/m -
5 : Film thickness[m]

A © Heat conductivity[KW/m - T}
I : Viscosity[kg/m - s]

Vv : Kinematic viscosity[m~/sec]

P : Densitylkg/m’]

Subscript

1 : LiBr

2 : H:0

abs . Absorption

c : Cooling water
E . Evaporator

] . Inlet, iteration
m . mean

r . Refrigerant

s : Solution

surf . Vapor/liquid interface

w . Water
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Fig. 3.2 Schematic diagram of experimental apparatus

Fig. 3.3 Photograph of experimental apparatus
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Table 3.1 Specification of experimental apparatus

Measuring e .
Specification| Maker Model No. |Accuracy
Instrument
) 05 PS . ) .
Vacuum pump 5410 ' Torr Shinmyung DIOA -
. 128AA-0010 _
Pressure transducer 0~100 Torr MKS oD £0.25%
Constant temperat 4~40 1I/mi
onstan Llﬂ.])(l iture : t‘mon AR AR 3RT 0,99
bath for cooling water -10C ~60T
Heater 3KW
p o . MDG
Magnet gear pump 3.9~45 I/min Iwaki o -
~-M4T6A100
LiBr solution flow meter| 0~2 I/min Flowcell | NO.002959 +0.8%
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Fig. 3.4 Diagram of Absorber
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Table. 3.2 Specification of tesl tubes

Type

Appearance

Dimensions

Bare
tube

UL

1l
"

i
7

i

I

YL

do = 15.88 mm
12.70 mm
09.52 mm

di = 13.84 mm
10.92 mm

8 mm

L = 400 mm

Corrugate

tube

do = 15.88 mm
12.70 mm
09.52 mm

di = 13.84 mm
10.92 mm

8 mm

L = 400 mm

__18_

Fig. 3.7 Sight glass of absorber
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(a) Tray

1.5 MM Hole

(h) Diagram
Fig. 3.8 Tray in absorber
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(a) Diagram of tray

(¢) The velocity of solution flow

Fig. 3.9 Solution flow using fluent at standard condition
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(a) Experimental figure of working absorber

(b) Real figure of working absorber

Fig. 3.10 The figure of working tray
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Fig. 3.12 K-type thermocouple

Fig. 3.13 Adhesion of temperature sensor
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(b) Installation tube temperature

Fig. 3.14 Installation of temperature sensor

Fig. 3.15 Data Loger
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Table 3.3°) 2 A¥ z7% Jehugdel. = Ad xF AY =2
slolj 4] & S 2 WYz}5 H2S WA o) 2 FF W
7+ frEkg wEiA 7w A dhE AE sk

Ay dolels AAAHAN sjAstedof Pk wekA 4 (3.3) B
(3.8)ell JERH AR F & o] §3te] AL R & ARI S A
of Ay AHAAE BAsG e, ojf AHPAAZNE HHF} 2
£ FHEL Fig. 3.199 Zo] AAAe ] & ol &3t

Fig. 3.20014 29 A3 A9 A1 A4 A3 +15% WA 4
Hgo) o]FojAE AL & & Ak oA AFAAI 2 FHo 3
e s M welAe] W AR BAe d8%F ¢ #d,
el 24 Fo o3 Aolepx Az

o

Table 3.3 Standard experimental conditions

Tube type Bare, Corrugate
Absorber Tube diameter(OD), [mm] 15.88, 12.7, 9.52

Pressure, P, [kPa] 0.93

Inlet temperature, Tw [K] 320
LiBr solution Inlet concentration, & [wt%] 61

Film Reynolds No., Re;, [ | 15 ~ 29

Inlet temperature, Ty, [K] 296
Cooling water

Flow rate, G, [kg/s] 0.1~0.23

_37_



60

Generating solution temperature
(R e e

Solution inlet temperature

O wl Solution outlet temperature

g [ Cooling water inlet temperature

B

5 B

L & &

o 30 R Cooling water outlet temperature

1} L

Q L

E 2f

Ll [

10
0 PR S T . | I PR SR YN SN SN WA SN SHN NN SHNY SN SHNY W SN S SH SHN SN S S S S
0 10 20 30 40 50 60

Time(minute)

Fig. 3.19 Experimental temperature distribution of steady
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1200 - - Furukawa et al.

Tsujimori et al.

1600 -

i 2 1270mm
1400 F  Gc = 10Umin . 1270mm

; - =~ Hoffman et al.

1000

Overall heat transfer coeﬁicient(kcallm2h°C)

800 |
600} - e e e e = T _:::::'
400 Bare tube
200
5
0 i n ' A i i i A A A A A n A 5 A
10 15 20 25 30

Film Renolds Number, Re,

Fig. 3.22 Effect of solution flow rate on overall heat

transfer coefficient
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Fig. 3.24 Effect of solution flow rate on mass flux
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Fig. 3.28 Effect of cooling water flow rate on overall heat

transfer coefficient
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