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1. INTRODUCTION

Heat exchangers are used to transfer heat from one liquid to another. The basic component of a
heat exchanger can be seen as a tube with one fluid flowing through the tube. The simple context of
a heat exchanger is that one hot fluid and one cold fluid move in the same direction in a concentric
tube construction in parallel with the inflow and outflow being the same in the same direction. Many
researchers have carried out the analysis of double tube heat exchangers. The research has
conducted theoretical and experimental analysis of three concentric tubes of triple concentric tube
heat exchanger (TCTHE). A set of equations for the design and performance analysis of concentric
pipes has been developed. The equation developed for dissipating heat to the surrounding circle is
useful for design purposes.

The heat exchanger is widely used by TCHE by Unal A [1]. In the first part the differential
equation governing the equation developed together with possible solutions under simplified
conditions for the parallel flow regulator the equation derived in his study can be used to determine
the temperature variation along the exchanger. .
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Batmaz E [2] developed a more generic way of calculating the overall heat transfer with the
fluid temperature of the triple heat exchanger tube for this current flow regulation using the energy
balance equation on the control volume. By comparing the overall effective heat transfer coefficient
and the effectiveness values for the TCHE equivalent to a (theoretical) double tube heat exchanger.

The heat exchanger is very influential in the industry on the success of the entire process
series, because the failure of the operation of this tool either due to mechanical or operational failure
can cause the unit operation to stop. So a heat exchanger (heat exchanger) is required to have good
performance in order to obtain maximum results and can fully support an operational unit. One of the
performance characteristics of this heat exchanger is the effectiveness of the heat exchanger

In this test the heat exchanger used is a three-layer tube type heat exchanger (triple concentric
heat exchanger) with copper base material, this triple concentric heat exchanger type has
advantages compared to other types of heat exchangers, namely the ease of this tool to be opened
and removed from the heat exchanger. the assembly to allow for better and easier cleaning and
maintenance. Apart from that, this tool is also suitable for use with liquid fluids, because it has a
wavy heat transfer surface that causes the turbulence of the fluid flow to be higher and automatically
the heat transfer that occurs will be more effective.

2. RESEARCH METHOD

The writing methodology used in writing this thesis is as follows:

a. Literature studies, in the form of literature studies, studies of related books and electronic book
journals (e-books).

b. Internet browsing, in the form of studies of articles, scientific journals, pictures and electronic
books (e-books) as well as other data related to research

c. Field study method, namely by taking data from the results of tests carried out in the production
process laboratory

d. Field study method, namely by taking data from the Mechanical Engineering laboratory located
at the Master of Mechanical Engineering, University of North Sumatra

e. Discussion, in the form of questions and answers with the supervisor appointed by the
Department of Mechanical Engineering, University of North Sumatra.

3. RESULTS AND DISCUSSIONS

3.1 Experimental data analysis

Three-channel and one-way divided flow heat exchanger with parallel flow configuration. This
research was conducted using a three-layer tube type heat exchanger (triple concentric heat
exchanger) with copper base, this triple concentric heat exchanger type has advantages compared
to other types of heat exchangers, namely the ease of this tool to be opened and removed from the
heat exchanger. the assembly to allow for better and easier cleaning and maintenance. Apart from
that, this tool is also suitable for use for liquid fluids, because it has a wavy heat transfer surface that
causes the turbulence of the fluid flow to be higher and automatically the heat transfer that occurs
will be more effective.

3.2 Mass flow rate analysis
This test uses three types of velocity variations for three different fluid inlet temperature
variations as well, to determine the mass flow rate of air in the pipe obtained from table 4.3 as

follows:
Table 1. Density of fluid

V(m/s) € (m3/s)
15 0.000025
2.0 0.000033
2.5 0.000041
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3.3 Experimental data
After calculating the above in all studies, the effectiveness data can be obtained in the following

table:
Table. 2. Counterflow effectiveness

Hot water Cold water
discharge Hot Fluid discharge Cold Fluid 1(%) 2(%) 3(%)
Data (LPM) (LPM)
Tinh1  Touth2 Tinc1 Tinc3  Toutcl  Toutc3

1 49.43 33.71 26.38 26.41 42.05 40.4 55.16 65.15 60.59
2 1.5 55.51 26.32 24.43 24.28 43.38 42.31 55.24 65.26 60.66
3 61.16 31.3 25.04 25.32 47.66 46.74 56.29 66.61 62.04
4 49.72  27.65 15 25,13 25.32 43.44 40.62 59.94 69.66 63.95
5 2.0 55.73  26.93 25.46 25.5 43.98 41.41 60.05 69.83 64.13
6 60.13 33.11 25.29 25.31 47.7 4401 60.85 70.79 65.09
7 48.11  38.82 25.2 26.11 45.33 43.24 63.67 73.47 67.13
8 25 54.95 32.42 25,24 25.49 47.47 44.57 63.61 73.15 66.64
9 60.07 34.48 25.01 25,28 49.02 44.35 63.6 73.08 66.51

From the table above, it can be seen that in the experiment the exit temperature (Th,0) and
cold water temperature (Tc,0) above, it can be seen that the lowest or maximum effectiveness of the
APK is the 1st data, which is 65% at the m3/s discharge at hot water inlet temperature (Th,i) is
48.110C and hot water outlet temperature (Th,0) is 38.820C with a discharge of 0.00041m3/s and
cold water temperature (Tc,il) is 25.20C (Tci3) of 26.110C and exit temperature (Tc1,0) of 45.330C,
(Tc3,0) of 43.240C with a discharge of 0.000041m3/s.

Figure: 1. Effectiveness Comparison Chart

From the graph above, it can be seen that the efficiency in one pipe is the lowest efficiency of
55.16% with a speed of 0.000025m3/s in the first experiment and the highest increase in efficiency
of 63.67% at a speed of 0.000041m3/s in the 7th experiment.

Figure 2. Effectiveness Comparison Chart

From the graph above, it can be seen that the efficiency of pipe one with the lowest efficiency is
65.15% with a speed of 0.000025m3/s in the first and second experiments. the highest increase in
efficiency is 73.47% at a speed of 0.000041m3/s in the 7th experiment
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Figure 3. Effectiveness Comparison Chart

From the graph above, it can be seen that the efficiency in one pipe is the lowest efficiency of
64.59% with a speed of 0.025m3/s in the first experiment and the highest increase in efficiency is
67.13% at a speed of 0.000041m3/s in the 7th experiment. in the comparison between effectiveness
, ,» and in the counter-flow experiment the data on the effectiveness table are combined with the
effectiveness and with the comparison table. The following is a comparison table of the effectiveness
of ,,and

Table 3. Counterflow effectiveness

Data
1 55.16 65.15 60.59
2 55.24 65.26 60.66
3 56.29 66.61 62.04
4 59.94 69.66 63.95
5 60.05 69.83 64.13

The following is a comparison graph of the effectiveness of 1, 2 and 3

Effective

o888 s8183
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Figure 4. Comparison of effectiveness, and counter flow

From the graph above, it can be seen that both the experimental calculations obtained the
effectiveness of the heat exchanger in the 3rd experiment. To facilitate the comparison between the
effectiveness of , , and in the unidirectional and opposite flow experiments, the data in the
effectiveness table are combined with the effectiveness and the table. comparison. The following is a
comparison table of the effectiveness of , , and

Table 4. Comparison of direct flow and counter flow

Data Unidirectional Flow Opposite Flow
€1 (%) €2(%) €3(%) €1 (%) € 2(%) € 3(%)
1 32.89 66.45 33.55 55.16 65.15 60.59
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2 32.9 66.46 33.57 55.24 65.26 60.66
3 32.99 66,48 33.57 56.29 66.61 62.04
4 39.67 59.86 40.15 59.94 69.66 63.95
5 39.76 59.88 40,12 60.05 69.83 64.13
6 39.82 59.89 40,12 60.85 70.79 65.09
7 44.93 54.87 40.11 63.67 73.47 67.13
8 44.93 54.87 45,13 63.61 73.15 66.64
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Figure 5. Comparison Graph of the Effectiveness of Parallel flow and Counter flow

Unidirectional flow from the graph above, it can be seen that in the experiment the exit
temperature (Th,0) and cold water temperature (Tc,0) above, it can be seen that the highest
effectiveness of the direct flow APK is the 3rd data, which is 2 = 66.48% with The fluid velocity rate is
0.000025m3/s while the opposite flow from the graph above is obtained below in the experimental
exit temperature (Th,0) and cold water temperature (Tc,0) above, it can be seen that the highest
effectiveness of the APK is the 7th data, which is equal to 2 73.47%. Then the effectiveness of the
highest APK in the graph above is the 7th opposite flow, which is 2 = 73.47%

4. CONCLUSION
The average inlet temperature in each pipe of the heat exchanger with experimental direct flow at a
temperature of 600C and a flow rate of 0.000025 m3/s is TinC1 = 25.490C, Tinh2 = 60.70C, TinC3 =
25.030C and the flow opposite temperature at 500C and flow rate 0.000041m3/s is TinC1 = 25.20C ,
Tinh2 = 48.110C , TinC3 = 26.110C

The average exit temperature of each unidirectional heat exchanger pipe at a temperature of
600C and a flow rate of 0.000025 m3/s is ToutC1 = 43.520C , Touth2 = 33.080C , ToutC3 = 42.50C
and counter flow at temperature 500C flow rate 0.000041m3/s is ToutCl = 45.330C, Touth2 =
38.820C, ToutC3 = 43.240C

The highest effectiveness of pipelines one, two and three heat exchangers experimentally at a
temperature of 550C with a speed of 0.000025m3/s direct flow 1= 32.99%, 2= 66.48% and 3=
33.57% and while the flow opposite 1= 55.16%, 2= 65.15% and 3= 60.59% with a velocity of
0.000041m3/s at a temperature of 600C.
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