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Heat transfer with geometric shape of micro-fin tubes (1)
- Condensing heat transfer -
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ABSTRACT

To examine the enhancement mechanism of condensing heat transfer through microfin tube,
the condensation experiments with refrigerant HCFC 22 are performed using 4 and 6 kinds of
microfin tubes with outer diameter of 9.52 mm and 7.0 mm, respectively. Used microfin tubes
have different shape and number of fins with each other. The main heat transfer
enhancement mechanism is known to be the enlargement of heat transfer area and turbulence
promotion. Together with these main factors, we can find other enhancement factors by the
experimental data, which are the overflow of the refrigerant over the microfin and microfin
arrangement. The overflow of the refrigerant over the microfin can be analyzed by the
geometric shape of the microfin. Microfin tubes having a shape which can give much
overflow over the microfin show large condensing heat transfer coefficients. The effect of
microfin arrangement is related to the heat transfer resistance of liquid film of refrigerant.
The condensing heat transfer coefficients are high for the microfin tube with even

distribution of liquid film.
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1. Compressor 2. Check valve 3. Refrigerant port (G.C ) 4. Pre condenser

5. Rotameter 6. Test section (condenser) 7. Sight glass 8. After condenser

9. Receiver tank 10. Accumulator(1) 11. Filter &Dryer 12. Mass flowmeter
13. Expansion valve 14. Chiller 15. Pre heater 16. Digital powermeter
17. Slidax 18. Test section(evaporator) 19. After heater 20. Accumulator(2)
21. Pump 22. Water receiver tank

Fig. 1 Diagram of experimental apparatus.
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Table 1 Details of the major components used in the experimental loop

Output
Instruments Measurement Range X Maker Accuracy
signal
Mass flow rate of
Mass flowmeter . 100 kgrhr max. mA Oval *0.2%
refrigerant
Mass flow rate of
Mass flowmeter coolant 100 kg/hr max. mA Oval +0.2%
(condenser test section)
Absolute pressure transducer Absolute pressure 500 psia max. vDC Setra +0.11% FS
Differential pressure transducer| Differential pressure |25 psid, 10 psid| VDC, mA Setra *£0.21%, *£0.15%
Volume flow rate of
Rotameter 100 kg/hr max - Omega £2.0% FS
coolant (pre-condenser)
Digital power meter Heat flux (evaporator) - w Yokogawa -

Table 2 Summary of experimental conditions

Parameter Range
Refrigerants R22
Pressure (MPa) 2.0
Mass flux 9.52mm : 170-250
(kg/m’s) 7.00mm : 330-470
Coolant inlet
. 30-36
temperature (C)

Fig. 2 The cross-sectional shapes of inner

micro-fin tubes.
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Fig. 3 Enlarged cross-sectional shapes of
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Fig. 4 Plan shapes of inner micro-fin tubes.
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Fig. 5 Detail diagram of condenser test section.
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Table 3 Specifications of micro-fin tubes unit : mm
Outsid Bottom G Nuinber |Inclination | Groove! Fin -
uts oove in
Tube types di lte Perimeter| wall dr h of angle bottom | angle itch
iameter e itc
thickness P Grooves | (degree) | width |(degree) P
Do P Tw he N B W3 a Pt
M-P 7.00 36.2 0.213 0.200 56 18 0.213 | 20-25 -
M-S 7.00 29.6 0.282 0.173 56 18 0.150 40 -
M-C 7.00 - 0.240 0.180 59 - 0.160 20 -
M-W 7.00 377 0.250 0.226 58 - 0.213 50 -
M-V 7.00 26.6 0.240 0.160 45 - 0.153 20 -
Seamless 7.00 28.8 0.250 0.130 60 - 0.130 40 -
M-P 9.52 45.6 0.267 0.180 76 18 0227 | 10-25 | 0.36
M-S 9.52 395 0.280 0.187 59 18 0.213 43 0.467
M-C 9.52 - - - - - - - -
Seamless 9.52 394 0.280 0.200 60 18 0.187 53 0.467
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The overall heat transfer coefficients
for mass flux (7.00 mm).

of 2tk olW: W3t Warelo| A FLheA o
o] $E7} ZRAoE FAAAA A% GA
% Z7tel olg dd2el oA BAE Aga:

Aoz #wotgch
Fig. 95 97 7.00 mmol tisty $&7] A ¥
4HEE nAAR F e wolzEARE
€ o8 o] §Fo dig 99 Ho|ge &
12 et AFHEo] S84 E o
olge &4¥ Zste FUMetn e, M-S
713 2 &g veEiz JHE e M-PH
8} oF 50% Z7IstRrt. T U AW
He & Pt A vpR) o G
ol o3t oz Yetd 4 gled, g9y
FgHd o3 = Bste vpd g o
kol vzl e Aoz LA gtk wl
8 Aste violzEWY 7)3EE
bR E79 Ave) we €AY
Y= %}a Zae ZA JeERdo.
3 "‘”457} e 2378
Fo)) 3 ’“W’ﬁoi

o
ol

&_O,m\i

H o nitt

o)

wm P
e Lo ™ =
RO L o
e
p

My nf

2
X

o
I

jﬂmng\NrLoﬁ':mZ‘:Jﬂ.lorﬂr.‘,‘-E.oﬁiiSJEoi-lm
e 2
rN

o x
ir yo g
oo T fu
i
e
W
g
I
&
o
Iy
.\,L

ey
04
[

-ojEE AR

20000

7.00mm micre, P = 2.0 MPa

—@— Mw -
—O— Mmc

—l— Sesmless
15000 3 M
—— MV
—— M-y J

10000 J

5000 |- -1

Pressure Drop per Unit Length (Pa/m)

0 1 L L L. 1 1 1
300 350 400 450 500

Mass Flux (kg/m2 s)

Fig. 9 The pressure drop per unit length for
mass flux (7.00 mm).
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Fig. 12 The pressure drop per unit length for
mass flux (952 mm).
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Fig. 13 The enhancement performance ratio

for mass flux (7.00 mm).
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