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Abstract

Heat exchangers are devices in which heat is transferred from one fluid to an-
other fluid as a result of temperature difference. Heat exchanger presented in
the current paper in which inside the tubes flows water, but outside the tubes
flows air aims to enable cooling of circulating water, which serves to cool the
engine of a machine. Such exchangers find application in the automotive in-
dustry as well as heating and cooling equipment and HVAC systems etc. The
surface of the heat exchanger by the air side always tends to be much larger
using surface fins in order to facilitate equalization of thermal resistance for
both sides of the heat exchanger, because the rate of transmission of heat from
the water side is much greater. Furthermore, the paper will present analytical
and experimental studies involved for determination of performance of
plate-fin heat exchanger for various flows of working fluids in order to get the
highest values of performances Ze.: overall heat transfer coefficient U, effi-
ciency of heat exchanger €, maximal and real heat transferred, pressure drop,
air velocity and Reynolds number from the air side of heat exchanger etc. The
present scientific paper is based on the fact that from the experimental model
made for laboratory conditions, conclusions are derived that can be used
during installation of such heat exchanger on certain machines in order to
predict their performance.
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1. Introduction

Heat exchanger air-water, applied to the current paper, due to the flow of fluids

in the same direction is called the heat exchanger with the parallel flow [1].
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Regarding the working fluids mixtures, the same heat exchanger is called with
mixers along exchanger from the air side, and without mixture from the water
side [1]. In such heat exchangers fins surfaces from the air side, which have
found more applications are tubular and rectangular ones [1] [2]. The overall
efficiency of heat exchangers with fins surfaces is influenced by many factors
such as the surface material of heat exchangers, #uid flows, placing distance of
surfaces fins, surfaces number of fins and fluid types, flow direction etc. Fins
surfaces are usually placed outside the tubes, but there are some applications
when they are placed inside the tubes [1]. Most of the research papers in the
analysis of plate fins heat exchangers are based on pressure drop and heat trans-
fer characteristics. A heat exchanger with plate fins surfaces consists of plates
from the air side instead of tubes to separate the hot and cold water. In 1930’s
plate heat exchangers are used to meet the hygienic demands of the food indus-
try. These days plate fins heat exchangers find applications in wide range of
fields as power generation, heating, ventilation and air conditioning systems,
treatment of waste heat, gas production, chemical industry, pharmaceuticals,
food industry etc. A method which provides an ideal platform for studying the
performance of plate fins heat exchanger with miscible and immiscible systems
was developed by M. Thirumarimurugan [3]. An experimental investigation for
laboratory conditions is developed by Alur [4] in order to test heat transfer and
pressure drop characteristics for a plate fin heat exchanger with the counter flow.
Nabadi [5] has analyzed a numerical investigation of pressure drop and heat
transfer in a heat exchanger that was designed with the different shape of pin fins.

The purpose of this paper is to determine the optimal operation of the plate-
fin heat exchanger for the various flow of working fluids in order to achieve the
highest values of performance.

The experimental set up in this investigation consists of a parallel flow heat
exchanger. Changing the airflow along the tunnel is done by a variable speed ax-
ial fan, the values of which are measured by a differential micromanometer. At
the exit of the tunnel, the air is warmed by receiving heat from the water flowing
inside the tubes in the same direction. Water flows are provided by a circulating
pump, where the amount of water in the system is measured by a rotameter
placed at the exit of hot water. The heat exchanger’s effectiveness is calculated
for different values of the flow rate between working fluids. The temperature
measurements are read on electrical control panel display. Fins surfaces analyzed
in the current paper, for heat exchanger air-water are rectangular.

Therefore, the results of the heat transfer and the pressure drop characteristics

in function of changing the flow of working fluids are presented below.

2. Thermal Analysis of Heat Exchangers with Parallel Flow

The efficiency of the heat exchanger with parallel flow of working fluids is
calculated by the expression:

1—g NTU@R)

TR (1)
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The overall heat transfer coefficient, determined experimentally, is derived
from the basic equation of heat transferred:
Qexp

Uyp = (2)
P A-LTMD

Qeyp » [W]—experimental heat transferred;

A, [m?]—overall surface of heat transfer;

Logarithmic mean temperature difference for parallel flow of working fluids is
calculated by the expression:

Lt - i = Tet) = (o ~Teo) @)
(Thi _Tc i)
n>—>7
(Th,O _Tc,o)

Thin » ["Cl—hot fluid temperature at the entrance of heat exchanger;
Ty o> [°Cl—hot fluid temperature at the exit of heat exchanger;

T.in » ["Cl—cold fluid temperature at the entrance of heat exchanger;
T.o»> [°Cl—cold fluid temperature at the exit of heat exchanger;

The ratio of the thermal capacity of working fluids is given by the expression:

R=—c e @)
C, -m;
C. » [kJ/kg K]—specific heat capacity of cold fluid:
C,, » [kJ/kg K]—specific heat capacity of hot fluid:
m,, [kg/s]—flow mass of hot fluid;
m, , [kg/s]—flow mass of cold fluid;
The number of transmission units:
U, -A
NTU =22 (5)
C

min

U, » [W/m’K]—the overall heat transfer coefficient determined experimen-
tally;

Cin =Min(C,,C, ), [k]/kg K]—minimal thermal capacity of fluid;

The maximum temperature difference in a heat exchanger:

ATmax :Th,in _Tc,in (6)

The maximum heat transferred in a Heat exchanger is:

Qmax = Cmin AT (7)

Accordingly, the efficiency of heat exchanger water-air with plate fins surfaces
is:

Qexp

& =—=

Qmax

The total heat transferred between working fluids with parallel flows in a heat

(8)

exchanger with plate fins surfaces, is calculated by the following equation:
Qup = &M, -C. - At 9)

From the expression of the number of transmission units, we can extract the
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value of the product U * A:
Ugp - A=Crrip - My NTU (10)
3. Pressure Drop by the Air Side of Heat Exchangers
with Plate Fins Surfaces

The maximum pressure drop is considered as one of main the design specifica-
tions. If the pressure drop reaches the maximum values higher than allowed, ad-
ditional fins surface should not be added.

For the description of pressure drop is necessary to apply for non-dimensional

numbers: Staton, Prandtl, and Reynolds:

(11)

M, [Pa s]—dynamic viscosity of fluid;
D,, [m]—hydraulic diameter;
A, [W/mK]—thermal conductivity of fluid;
G, [kg/m’s]—the mass velocity or mass flux;
a ,[W/m?K]—heat transfer coefficient with convection;
C, > [kJ/kg K] —specific heat capacity of the fluid
The hydraulic diameter is defined as four times the flow passage volume
divided by the total heat transfer area:
D, = LA 4. L Ao (12)
P A
P, [m]—perimeter of section; A, , [m’]—minimum flow area.
The pressure drop from the air side in heat exchangers with Plate fins surfaces

is given by expression [2]:

2
a=C | (k+1-0?)r2| Bt]s f AP (1K —0?) 2| (13)
2~pb pj Aﬂin P pj

k

exchanger [1].

.» K,—coefficient of pressure losses in the entrance and exit of the heat
m, [kg/s]—flow mass of air;
P, [kg/m’]—The average density of air;
Py> Pj» kg/m’]—fluid density in the entrance and exit of heat exchanger;
f —The coefficient of friction.
The coefficient of friction from the air side of plate fin heat exchanger (f) is

calculated by the expression:
f =0.064-(Re) ™ (14)
Where: o =A,;,/A, the minimum surface free flow/frontal area

A L
—— =——, (total area of heat transfer/minimum flow area)
Aﬂin Dh
L, [m]—distance of flow in heat exchanger;

L-A,;, > [m’]—minimal volume of free flow;
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A, [m?]—the overall surface of heat transfer.

The mass velocity or mass flux is defined as:
_P WA pew,
Anin o

W, , [m/s]—average velocity of air,

G

(15)

The average density of the air:
Soifi,1 6
2{p P

4. Testing Unit of Water/Air Heat Exchanger Installed
in a Sheet Steel Tunnel

This model unit presented in Figure 1 makes possible to study the operation of
water/air heat exchanger, made of aluminum with round expanded pipes, in-
stalled in a painted sheet steel tunnel.

The circulation of air is ensured by a variable speed fan, Four Pt100 heat re-
sistors, connected to a digital instrument, are placed at suitable measuring points
in the system. The air flows through the test unit 1 (tunnel) by means of the axial
fan 2, and a differential micromanometer 3, interlocked with a calibrated flange,
makes it possible to measure the rate of flow from the fins plate surfaces.

On the other hand, the water with temperature T, enters into Heat Exchanger
and leaves it with temperature T,. Further, water is sent to the water feed tank 4,
where the water level measurement is performed by float type valve 5. By means
of the three speed circulating pump 7 the water is sent to the electric heater 10 in
which the water of temperature is increased to T,. Water flow measurement is

carried out by a flow meter 11.

@
1 i
@ | @2
J 1 b :. 'i,
[y o,
3L
@ 14
) 4
H,0 >,—>47:7 . .5 _Y
4 =1
4 »>4
7 6 v

Figure 1. 1. Testing tunnel with calibrated diagram and water/air heat exchanger, 2. Elec-
trically operated variable speed axial fan, 3. Differential micromanometer, 4. Water cir-
culation and feed tank, 5. Float type valve, 6. Tank discharge valve, 7. Three-speed circu-
lation pump, 8. Safety valve for boiler, 9. Boiler discharge valve, 10. Electric boiler, 11.
Flowmeter (0 to 300) [I/h], 12. Flow control valve, 13. Air bleed valve, 14. Electrical con-
trol panel, LI. Level indicator, T,. Water temperature at the inlet to the heat exchanger, T,.
Water temperature at the outlet of the heat exchanger, T,. Air temperature at the inlet to
the heat exchanger, T,. Air temperature at the outlet of the heat exchanger.
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The valves 12, 13, 18, 19, 6 serve to maintain the water circuit under the per-

missible norms in order to perform a normal operation of the heat exchanger.

5. Experimental Analysis of Performance
of Plate-Fin Heat Exchanger

Experimental analysis of performance for the current heat exchanger is made in
the device shown in Figure 1. In order to highlight the impacts of changing flow
of working fluids, the following diagrams are presented bellow as: logarithmic
mean temperature difference, efficiency of heat exchanger, real and maximal
heat transferred in heat exchanger, the overall heat transfer coefficient, pressure
drop, air velocity, Reynolds number from the air side of heat exchanger. Al-
though, the physical properties of the working fluids, which are presented in the
Table 1 with a fixed values, during the calculation they are taken into considera-
tion being changed with temperature, even though the effect of temperature on
physical properties has little or there was no effect on the performance of heat
exchanger.

As seen from Figure 2(a), the increase in the flow of hot water from 30 to 40
[1/h] causes a decrease in LMTD, while the increase in flow from 40 to 200 [1/h]
causes a slower growth of LMTD. The maximum change of LMTD for variable
flow mass of hot water (for unchanged air flow 40 [kg/h]) has resulted to be
equal with 16.42°C - 13.19°C = 3.23°C. Similarly, in Figure 2(b). LMTD is dis-
played with the changing of air flow, which flows through the heat exchanger
from 40 to 220 [kg/h], but for unchanged hot water flow 100 [I/h]. From fig.
3b.are seen the fluctuations of LMTD as a result of flow mass of air changing.
This change has caused the maximum difference of LMTD from 16.23°C —
14.23°C = 2°C. From comparisons between Figure 2(a) and Figure 2(b), we
came to the conclusion that the effect of changing the water flow (3.23°C) is
more pronounced than the change of air flow (2°C) to the LMTD. From Figure
3(a), it is seen that for unchanged hot water flow 100 [I/h] when the air flows
through the heat exchanger with fins surfaces is increased by the fan, in that case,
the overall efficiency of the heat exchanger is reduced. This is due to the short
contact between the working fluids and the inability that air mass flow to absorb
that heat. The same happens during the drive of a car when the velocity is too
large in that case, it causes the engine to warm up, thus preventing the cooling.

Therefore, for such applications, the Heat Exchangers should be used with phase
changes of working fluids. The opposite occurs in Figure 3(b), when the airflow
generated by the fan remains unchanged, while changes the flow of hot water

through the three-speed circulation pump. Because of the air flows slowly, then

Table 1. Physical properties of working fluids along the Plate-fin heat exchanger.

k k Cp Cp u u p p Pr Pr
W/mK W/mK J/kgK  J/kgkK Pa*s Pa*s kg/m’ kg/m’
Water Air Water Air Water Air Water Air Water Air

0.65 0.03 4065.85 1007.25 0.0005 0.000019 985.4 1.12 3.08 0.71

<3
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Figure 2. Graphical presentation of logarithmic mean temperature difference (LMTD
method), by changing the mass flow of working fluids in a heat exchanger.
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Figure 3. Graphical presentation of the efficiency of the heat exchanger (plate fins heat
exchanger) determined experimentally by changing the flow mass of working fluids.

it receives more heat and consequently the efficiency of Heat exchanger increases.

Figure 4(a) shows the actual and maximal heat transmitted, measured ex-
perimentally in laboratory conditions, with variable air flow and constant flow
othot water. In Figure 4(a) with the red line is presented the heat that air re-
ceives by changing the flow mass of air from 293 [W] up to 1188 [W], while with
blue line is presented the maximum heat that air can absorb.

Similarly, another diagram Figure 4(b) was constructed when the hot water
flow was changed (m,, = const), but in this case, the heat absorbed by air flow
was too low and reached the values from 59 [W] to 81 [W].

From Figure 5(a), it can be seen that the increase in the air flow by the air
side with fins surfaces has a much more significant effect on the overall heat
transfer coefficient than the change in the flow of hot water, which after 50 [1/h]
has almost constant value (Figure 5(b)).

Figure 6 shows the pressure drop by the fins surfaces applying the Equation
(13). The highest experimental value of the pressure drop has resulted in 1.5 [bar]
and for these high values of airflow undesirable noise was produced.

With the change of mass flow of air with the fan, the air velocity on the side
with fins surfaces has been linearly changed (see Figure 7). Based on the geo-
metric dimensions of the Heat exchanger and the working fluid properties, the
determination of air velocity from 0.32 [m/s] to 1.72 [m/s] has been made possi-
ble. With the increase of air velocity is increased the coefficient of heat convec-
tion from the air side. Figure 8 presents the Reynolds number from the fins sur-
faces by changing the air flow. As can be seen from Figure 8, the change of air
flow in the value of Reynolds number is linear. As much higher the Reynolds

number to be the value of heat exchanged between working fluids will be greater.
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Figure 4. Real and maximal heat transferred in a heat exchanger, by changing the flow
mass of working fluids.
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Figure 5. The overall heat transfer coefficient determined experimentally depending on
the mass flow of working fluids.

K2
442 ‘:ii: Scientific Research Publishing



D. Meha et al.

m,=100 [I/h]
_. 160000
T 140000 /L
§ 120000 e
= 100000 v
S 80000
S 60000 /
(<}
S 40000
4 20000 /
a 0
0 50 100 150 200 250
Flow mass of air [kg/h]

Figure 6. Pressure drop from the air side of the heat exchanger by changing the mass

flow of air.
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Figure 7. Air velocity from the air side of a heat exchanger by changing the mass flow of
air.
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Figure 8. Reynolds number from the air side of a heat exchanger by changing the mass
flow of air.

6. Conclusions

One of the key parameters in increasing the plate fins heat exchanger performance
is to change the mass flow of working fluids. Figure 3 shows the effect of
changing the flow of working fluids to the overall heat transfer efficiency. From
this figure, it has been shown that for unchanged flow mass of hot water, but for

a variable mass flow of air by the side of a heat exchanger with fins surfaces, the
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efficiency of the heat exchanger is reduced. This has happened as a result of
short contact between working fluids and the inability that air to absorb the heat
from the mass flow of hot water.

The result of increased airflow is the impossibility of achieving desired cooling
(a case presented in the automotive industry that has caused the rising of engine
temperature). The opposite happens when m,, = cons, but changes the mass
flow of hot water by causing the heat exchanger efficiency to increase. Further-
more, from (Figure 4) it is concluded that the actual and maximal heat trans-
ferred in a heat exchanger for m,, # cons and m; = cons, have values much
higher than the case when m; # const and m,, = const. This means that the
greatest effect of the heat transferred in heat exchanger air-water is the change of
air flow from the fins surfaces.

In addition, the overall efficiency of heat transfer coefficient determined ex-
perimentally varies considerably by changing the air flow from the side with fins
surfaces and a small change is observed if the mass flow of hot water is changed
(Figure 5).
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