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Abstract:

In the present study, an experimental investigation is carried out to calculate heat transfer coefficient
from the change in position of a finned tube in the cross-flow heat exchanger in two different conditions,
which are a constant temperature at 90°C and constant heat flux at 45W/m”. A standard laboratory device
(crossflow heat exchanger) was used in experiment process, that which manufactured by EDIBON
company. The air flow over finned tubes inside heat exchanger was studied at Reynolds number ranging
from 3600 to 11600. The comparative of experiments results between two cases shows that the Nu number
in four positions at the constant temperature condition are higher than symmetrical positions in constant
heat flux. The results indicated that the position3 gives higher values of Nu number in both cases.
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Nomenclature
A: Area m’ Subscribes
c: specific heat Jkg.'C b:Bulk , :
d: Diameter m Conv: Convectlan heat transfer
. P e:Outside
G: Mass velocity kg/m £ Film
h: heat transfer coefficient W/m’.°C h:Hydraluic
H: Hight m i: Inlet
L: Length m - Input
.. o) A

k Thermal conductivity Wim.”C rad: Radiation heat transfer
m: Mass flow rate kg/s Dimensionless Group
N: Number Re: Reynolds number -
O: Heat transfer rate w Nu: Nusselt number -
T: Temperature °C Greek letters
W Width m 6: Thichness m

T n: Efficiency -
X: Pitch m w:Dynamic Viscosity kg/m s

p: Density kg/m’
1. Introduction
Heat transfer coefficient plays a major role in convection heat transfer and it
depends on geometry, fluid properties, fluid motion and temperature difference [1].These
parameters cause difficulty in evaluating the value of heat transfer coefficient. Numerous
experimental and numerical studies have been conducted on heat transfer coefficient and
pressure drop.These studies mainly focused on fluidized bed(Kim and Chao;2015), heat
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exchangers (Kim and Tahseen;2005) and Nano-fluids (Hamid and Andhare;2015) .
(Jeong et.al.,2009) developed a theoretical model for the estimation of heat transfer
coefficient in natural convection condition in longitudinally finned vertical tube with four
fins that was exposed in two cases as non-uniform wall heated flux and non-uniform wall
temperature. They obtained a new correlation to an estimation of Nu number as in
equation (1).
Nu, = 0.0033Re?*088 (1)
Islam and Mozumder, 2009 investigated experimentally the heat transfer coefficient and
pressure drop of T-section internal fin in circular tube which was heated by electricity
and was cooled by air under fully developed turbulent flow. The result of the study
showed that the finned tube gives the friction factor five times higher and heat transfer
coefficient two times higher than smooth tube for same operating conditions.Hofmann
et. al., 2007 experimentally studied heat transfer coefficient and pressure drop for three
ships finned tubes bundles (I- soled ship, I-serrated ship and U-serrated ship) in force
convection conditions. They compared their results with correlation relations and their
results show that the two types of the I-finned tubegood predictive ability for the Nu
number at given pressure drop values. Kadhim and Nasif 2016 carried out
experimental investigation to study finned tube which was subjected to wvertical
oscillation of vibration frequency arranged from 2 to 60Hz and wvarious heat
fluxesarranged from 500 to 1500 W/m?. The results showed that the heat transfer
coefficient values for horizontal angle 0° were increased by 8% and 30% compared with
angle 30° and 45° respectively.Matos et.al., 2004 carried out comparative studies on
the non-finned and finned circular and ellipse tubes heat exchanger. Their results
show that the circular tubes gave better results than ellipse tubes in both of heat
transfer coefficient gain about 20% and 30% reduction in pressure drop.
In the present study, the change in heat source position in finned tube crossflow heat
exchanger was investigated. The heat transfer coefficient was evaluated in forced
convection in two cases constant heat flux and constant wall temperature and at similar
operating conditions.
2. Calculation and data analysis

In crossflow heat exchanger, the heat transfer coefficient and pressure drop has
been calculated as following procedures:
a) Physical properties of the working fluid (Air).

Air physical properties at low temperature are assumed to linearly be proportional
to air temperature. The interpolation relation has been used to calculate the physical
properties based on tabulated data from (Holman ,2010) for air properties at atmospheric

pressure between 300 and 350 K.
T—300

Ur = Uzpo T T(#% 0~ H300) 2
T+-300

Pr = P3o0 T fs—o (P35 0= P300) 3)
T+=300

kf = ksg0 + fs_o(k35 0~ K300) 4)
T+—300

Cf = C300 T f5—0(035 0~ C300) ®)

where

Tp+T,
Ty ==‘2;" (6)
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and
_ T;+T,
Ty, = .
b) Heat transfer coefficient

The convection heat transfer coefficient has been calculated based on energy
balance through finned tube in the working space and expressed by

(7

Qin = Qconv + Qraa. (8-a)
where the Q44 < QconyS0 the Q44 can be ignored.
Qin = Qconv (8-b)
Qconv = A¢ h (Ts — Tp) )
or
Qmn=m Cf(To - Tp) (10)
and

_ Qi _m cr(To—Ty)

RRTET 40(To—Tp) (D)
Nu == (12)

) Heat Exchanger Surface Geometrical Characteristics
Heat transfer surfaces are calculated based on the dimensions of the finned tube
heat exchanger as shown in Fig. (1), as follows:

Ay = nd(L — N&) (14)
As = 7N E (D? — d?) + 50] (15)
Re =%22 (16)
Hf
where
m

= (17)

Dy = =2 (18)
a3
A, = 1d Ly (1 — NN, + 2 (L2L3 -= )Nt (19)
2_ 42

Ar = [M + ndes] N¢LyN, (20)
A=A, +Ar (21)
A, = [()L(—i —1) x 20"+ (X, — do) = (de — do)N; | Ly (22)

3. Experimental setup

The cross-flow heat exchanger manufactured by EDBON, technical teaching
equipment is shown in Fig. (2),was used as experimental setup. It consists of four major
components (air tunnel, centrifugal fan, heating source and interface). Air tunnel is made
of stainless steel with a rectangular section of 65X170mm and 1.2m height and it has a
rectangular opening in the mid-height of 200X150mm. A centrifugal fan installed in the
bottom of the apparatus and it pushes the air vertically through the tunnel.A (500W)
electric heating element of 15.8mm nominal diameter and 50mm of length has been used
as a heating source that which it includes a thermocouple type J to measuring the average
temperature of the surface. This system is controlled by interface device from the feeding
of fan speed and the electric resistors, in addition to receives the signal of all the
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thermocouples and air flow meter, providing a computerized outcome of all the
measurements. The experiments have been achieved in both cases in sequence
procedures, were started by selecting the heating source from position 1 and finished in
position 4. All experiments were conducted under Reynolds number ranging from 3600
to 11500 in ten equality steps.
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3 6 B e 7
_ Aoz Sl 8
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= —;— i |
-
1
2| 1 Base 2 Centrifugal fan
3 Air tunnel 4 Finned tube heat exchanger

5 Heating element 6 Thermocouple wire

Fig (2) components of experiment apparatus (Edibon,2016)

Fig (3) Finned tube heat exchanger photography

a- Front view b- Rear view
Results and Discussion
Experimental results of finned tube heat exchanger consistedof two cases (constant

heat flux 45W/m? and constant temperature 90°C) to study the effect of the position of
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hot finned tube in staggered arrangement heat exchanger shown in Fig.(3-a) on the heat
transfer coefficient.A set of experiments has been conducted in both cases based on the
previous procedures, hence the results that were obtained can be compared at the
beginning for both cases at the same position, where for all four position of a hot finned
tube, the Nu number of case of constant temperature gave higher values than Nu number
that were obtained from the case of constant heat flux at the Re number ranging from
(3600 to 11500) as shown in Figures 4 to 7, for position (1 to 4) respectively. The
averagevalues of Nu and heat transfer coefficient in two cases for each of four positions
are given in Table (1). Hence, the comparative between limits of Nu number in each of
four positions in each case, the results are summing in Figures (5 and 6) for cases of
(constant temperature and constant heat flux) respectively. In both cases, position3 gave
higher values of Nu number comparative to the other positions, while the lower values of
Nu number has been obtained at position2 in both cases. For other two positions, case 4
comes in the second sequence and positionl is the third sequence in the case of constant
temperature, but in the case of constant heat flux, the sequence of these two positions
comes opposite to the first case.

= Constant Temperature « Constant Heat Flux = Constant Temperature + Constant Heat Flux
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Fig.(4)Comparison of constant temperature
results with constant heat flux results for
positionl

Fig.(5)Comparison of constant temperature
results with constant heat flux results for
position2
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Fig.(6)Comparison of constant temperature
results with constant heat flux results for
position3

Fig.(7)Comparison of constant temperature
results with constant heat flux results for
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Fig.(8)Reynolds's number vs. Nusselt number for

different position at constant temperaturecondition

Fig.(9)Reynolds's number vs. Nusselt number for
different position at constant heat fluxcondition

Table (1) The average values of Nu number and heat transfer coefficient for four
positions in two cases of constant (temperature and heat flux)

C ‘ Positionl Position2 Position3 Position4
wsepe "N | R | N | R | Nu | R | Nu | &
Constant 11.216 | 13.813 | 8.156 | 10.083 | 16.218 | 20.097 | 15.376 | 19.062
Temperature
C"“;?E;Heat 2.884 | 10.89 | 3372 | 4.133 | 12.672 | 15.533 | 6.621 | 8.116
Conclusion

Results of this study indicated that the position of the hot finned tube has a great
effect on the heat transfer coefficient. The higher values of heat transfer coefficient are
obtained at position3 in both cases, that which surrounded by five finned tubes and it has
different boundaries than the other positions and this causes more resistance on the air
flows over the tube.
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/

Dimensions (mm)
L, 65
L, 200
L; 150
H 225
w 155
X 50
X 50

Fig(10) Technical description of the finned heat exchanger

690




Journal of Babylon University/Engineering Sciences/ No.(2)/ Vol.(25): 2017

References

Al-Dabbagh, M. ,2006 "Experimental Study of Heat Transfer Between the Shallow
Fluidized Bed and a Tube Bundle Immersed in It," A/-Rafidain Eng, vol. 14, pp. 24-
33 .

Andhare, A.; V. M. Kriplani, and J. P. Modak, 2014. "Thermal Analysis of a Helical Coil
Heat Exchanger," International Journal of Innovative Research in Advanced
Engineering, vol. 1, pp. 135-143, December, 2014

Banerjee, R. K.; M. Karve, J. H. Ha, D. H. Lee, and Y. I. Cho, , 2012 "Evaluation of
enhanced heat transfer within a four row finned tube array of an air cooled steam
condenser," Numerical Heat Transfer, Part A: Applications, vol. 61, pp. 735-753.

Chao, J.;J. Lu, H. Yang, M. Zhang, and Q. Liu,2015 "Experimental study on the heat
transfer coefficient between a freely moving sphere and a fluidized bed of small
particles," International Journal of Heat and Mass Transfer, vol. 80, pp. 115-125.

Edibon,2016 "Computer Controlled Cross Flow Heat Exchanger, with SCADA and PID
Control," Edibon, Ed., ed, 2016.

Elshazly, K. ;R. Sakr, R. Ali, and M. Salem , 2016"Effect of y-Al1203/water nanofluid on
the thermal performance of shell andcoil heat exchanger with different coil
torsions," Heat and Mass Transfer, pp. 1-11.

Hamid, K. A.;W. Azmi, R. Mamat, N. Usri, and G. Najafi, 2015 "Effect of temperature
on heat transfer coefficient of titanium dioxide in ethylene glycol-based nanofluid,"
Journal of Mechanical Engineering and Sciences (JMES) Volume, vol. 8, pp. 1367-
1375,

Hofmann, V;F. Frasz, and K. Ponweiser, 2007."Heat transfer and pressure drop
performance comparison of finned-tube bundles in forced convection," WSEAS
Trans. Heat Mass Transfer, vol. 2, pp. 72-88.

Holman, V',Heat Transfer, 10 ed. New York The McGraw Hill Companies 2010.

Islam ,V ,and A. Mozumder, 2009, "Forced convection heat transfer performance of an
internally finned tube," Journal of Mechanical Engineering, vol. 40, pp. 54-62 .

Jeong, V;Y. H. Lee, M. K. Ji, K. Y. Bae, and H. S. Chung, 2009 "Natural convection heat
transfer estimation from a longitudinally finned vertical pipe using CFD," Journal
of mechanical science and Technology, vol. 23, pp. 1517-1527.

Kabeel, A., and M. Abdelgaied, 2015, "Overall heat transfer coefficient and pressure drop
in a typical tubular exchanger employing alumina nano-fluid as the tube side hot
fluid," Heat and Mass Transfer, pp. 1-8.

Kadhim V, and M. Nasif, 2016, "Experimental investigation of the effect vertical
oscillation on theheat transfer coefficient of the finned tube," in MATEC Web of
Conferences .

Kakac, S.; H. Liu, and A. Pramuanjaroenkij, 2012. Heat exchangers: selection, rating,
and thermal design: CRC press.

Kim Y.,and Y. Kim, 2005,"Heat transfer characteristics of flat plate finned-tube heat
exchangers with large fin pitch," International Journal of Refrigeration, vol. 28, pp.
851-858.

Kim, S. W.; J. Y. Ahn, S. D. Kim, and D. H. Lee, 2003"Heat transfer and bubble
characteristics in a fluidized bed with immersed horizontal tube bundle,"
International Journal of Heat and Mass Transfer, vol. 46, pp. 399-409.

691



Journal of Babylon University/Engineering Sciences/ No.(2)/ Vol.(25): 2017

Matos, V;J. Vargas, T. Laursen, and A. Bejan, 2004 ,"Optimally staggered finned circular
and elliptic tubes in forced convection," International Journal of Heat and Mass
Transfer, vol. 47, pp. 1347-1359.

Tahseen, T. A. ; M. Ishak, and M. Rahman, 2015,"An overview on thermaland fluid flow
characteristics in a plain plate finned and un-finned tube banks heat exchanger,"
Renewable and Sustainable Energy Reviews, vol. 43, pp. 363-380.

692



