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Abstract. The application of heat exchanger still causes many problems.
12 Ikan Tongkol street No. 1 Research on the performance improvement of the heat exchanger is also
Kertosari, Banyuwangi, conducted by adding baffle. This research is aimed at finding out the
East Java, Indonesia influence of spiral baffle on the performance of heat exchanger. Research is
conducted by doing experiment. The heat exchanger used is the opposite flow
type. The independent variable includes round and triangular springs with
gap spacing of 1, 2 and 3 cm which are installed in the heat pipe. The flow
rate of the water is varied by 100, 150, 200 and 250 ml / sec. The dependent
variable includes the temperature of hot water (in and out) and the
temperature of cold water (in and out). Temperature measurement is done by
using a K type thermocouple every minute for 5 minutes. Discharge
measurement is done by using flow meter and stopwatch. The results showed
that there were effects of the spiral and water discharge variation on the rate
of heat transfer. The phenomenon of water discharge is inversely proportional
to the rate of temperature change. Maximum heat temperature displacement
occurred at a variation of 1.5 cm with a flow rate of 31.25 was 1.44° The
minimum heat transfer temperature occurred at a variation of 0.5 cm with a
flow rate of 38.46 was 0.82°. The maximum cold temperature heat transfer
occurred at a variation of 1.5 cm with a flow rate of 31.25 was 0.52° and the
minimum occurred at variation of 0.5 cm with a flow discharge of 38.46 was
0.14°.
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1. INTRODUCTION

Heat exchanger is a means of transferring heat between fluid and other fluids through a separation wall [1].
Heat exchanger is an equipment used to exchange energy in the form of heat between fluids of different
temperatures. Energy exchange can occur through direct or indirect contact. Fluid that exchanges energy can be a
fluid with the same phase (liquid to liquid or gas to gas) or two different fluid phases [2]. Heat exchangers are very
widely used in the world of industries such as power plants, oil refineries, chemical plants and petrochemicals,
natural gas industry, refrigeration, etc. [3]. Pyrolysis technology in mahogany waste treatment [4].

In the application of heat exchanger, many of the problems were still arising, for example, the heat
transferred has not been maximum yet, the occurrence of pressure decrease so that the pump becomes heavy in
performance [5]. One of the characteristics of the heat exchanger performance is its effectiveness [2]. The
efficiency increase of energy transfer needs a change of parameters, such as the changes the parameters of the fluid
flow (turbulence), the changes energy receptor area, and the temperature conditioning of the working fluid [6].

Researches on heat exchanger have been conducted for various types, they are shell and tube types [7] [8]
[2] [9], plate and frame types [10], and the opposite flow type [11] [6]. Researches on the performance increase of
heat exchanger are also conducted by adding delta wing fin-shaped baffle [5], static angle [12] and fins in pipe
[13] [12] [14] [6].
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The main function of baffle is to direct the flow of fluid to the pipe evenly to gain the efficiency of greater
heat transfer. Baffle types, cut sizes, and tilt angles affect the coefficient of heat transfer from a heat exchanger
[14]. This is done as an effort to engineer the flow of the working fluid through the addition of heat transfer surface
area [6].

Researches on heat exchanger that study about the effect of baffle have been conducted many times. Baffle
angle also affects the distribution of temperature [15]. Shinde S, Pancha MH (2012) conducted research about
performance comparison of heat exchangers with partial and complete baffle along the pipe. Shinde SK, et al
(2012) conducted research about the performance increase of heat exchanger with baffle helix change.
Vishwakarma M, Jain KK (2013) researched the performance of heat exchanger with helix baffle. Gu X, et al
(2016) researched the heat transfer and flow resistance caused by baffles spreading along the pipe. Based on the
background above, it can be conducted research on the addition of flow inhibitor to increase the performance of
pipe type heat exchanger. This research will be conducted with a variation of inhibitors such as spring wire
mounted in the middle of pipe axis.

2. METHODS

Mindset of research as follow:
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Figure 1. Mindset
Research variables
1) Independent variable:
a. 3 variations of round spiral based on distance between the spirals (e): 1, 2, and 3 cm.

b. 3 variations of triangle spiral based on peak distance (e): 1, 2, and 3 cm.
c.  Water discharge: 100, 150, 200, and 250 ml/sec.
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Figure 2. Spiral scheme (mounted inside hot pipes)

2) Dependent variable: in and out water temperature (flow of heat and cold)
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Figure 3. Device scheme
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The average value of the data obtained was calculated. Temperature data was used to calculate the
temperature difference occurred. Then, it was calculated the heat exchanger performance including range, the rate
of heat transfer, and efficiency. The calculation results were showed in form of tables and graphics and analyzed

based on the theory concerned.

3. RESULTS AND DISCUSSION

Device of reseach result as follow:

Figure 4. Device

The data obtained from the research through observation and experiment still needs to be processed. The

processed data results in the average value and then it is tabulated in table.

Table 1. Temperature difference

Spiral Barrier Variations

Debit (cm3/dt) At 0,5cm lcm 15¢cm

AH AC AH AC AH AC

1 1.3 0.5 1.0 0.5 0.9 0.6

2 0.9 0.3 14 0.6 1.3 0.5

31.25 3 1.2 0.5 14 0.5 14 0.4
4 1.2 0.5 15 0.5 1.7 0.5

5 15 0.5 1.7 0.3 1.9 0.6

1 1.6 0.4 14 0.3 1.6 05

2 1.1 0.2 1.2 0.4 1.0 0.2

35.71 3 0.9 0.2 1.2 0.1 11 0.3
4 0.9 0.3 1.2 0.4 14 0.4

5 0.9 0.3 14 0.3 15 0.5

1 0.6 0.2 0.5 0.2 1.0 0.3

2 0.9 0.1 0.9 0.2 0.8 0.2

38.46 3 0.8 0.1 1.0 0.1 1.1 0.1
4 1.0 0.1 1.0 0.2 1.0 0.3

5 0.8 0.2 1.2 0.2 1.2 0.2
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Table 2. Temperature average

Spiral Barrier Variations

Debit (cm3/dt) 0,5cm lcm 1,5cm
AH AC AH AC AH AC
31.25 1.22 0.46 1.40 0.48 1.44 0.52
35.71 1.08 0.28 1.28 0.30 1.32 0.38
38.46 0.82 0.14 0.92 0.18 1.02 0.22

Table 3. Heat transfer

Spiral Barrier Heat transfer, g (watt)
Debit (cm3/dt) 15
0,5cm lcm 1,5¢cm 0,5cm 1cm c;n
31.25 0.78 0.86 0.90 24.35 26.86 28.23
35.71 0.59 0.68 0.75 21.17 24.12 26.96
38.46 0.38 0.45 0.52 14.01 17.45 20.06

The Graphic of the Research Result
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Figure 5. Graphic of temperature difference

The graphic above shows that the temperature differences tend to decrease with the increasing discharge
variation. This is caused by the heat transfer that occurred when the fluids flowed through the spiral groove; the
longer the spiral groove distance, the greater the heat transfer. If the transfer is greater, the effectiveness of the
transfer will be greater. The maximum temperature difference occurred in a variation of hot temperature difference
in discharge of 31,25 cm®/sec and variation of spiral baffle of 1,5 cm was 1,44°C, meanwhile the minimum

temperature difference occurred in cold temperature difference, discharge variation of 38,46 cm®/sec, variation of
spiral baffle 0,5 cm was 0,14°C

Graphic of heat transfer
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Figure 6. Graphic of heat transfer
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The graphic above shows that the temperature difference tends to decrease if the discharge becomes greater.
It also shows that the heat transfer of 1,5 cm spiral variation tends to be greater than the 1 and 0,5 cm spiral
variations. This is because in 1,5 cm spiral, the flow of the fluid through the pipe tend to consume longer time and
becomes longer, which means that the heat transfer through spiral becomes better. The minimum transfer occurred
in 0,5 cm variation with the heat transfer of 14,01 watt, this is because in 0,5 cm spiral, it is the fluid touch time
with the short spiral so the heat transfer tends to decrease compared to 1,5 and 1 cm variations. Hot temperature
difference is 1,9 degree with the discharge of 31,25 and spiral baffle variant of 1,5 cm. Minimum temperature
difference occurred in the cold temperature difference of 0,1 degree, with discharge of 38,46 and spiral baffle
variant of 0,5 cm.

Temperature difference

The graphics of the result show that the temperature difference tends to decrease if the discharge is greater.
This is because when the discharge is greater, the water flow will be greater as well, which means that the hat
transfer from hot to cold fluid and vice versa will be shorter, thus the temperature difference becomes small. The
graphics show that the temperature difference tends to increase if the discharge gets weaker, this is because in the
discharge with low flow, the water flow becomes weak and it means that the fluid movement becomes laminate
so the fluid touch time with the spiral might become longer, the heat transfer becomes greater, and the temperature
difference becomes higher as well.

The biggest comparison of hot temperature difference in spiral variants is 1,5 cm. This is because the fluid
touch time between hot and cold fluid is longer. The temperature comparison based on spiral variants shows that
the longer the spiral distance, the greater the heat transfer rate. It means that then temperature difference becomes
higher, this is because the touch time between fluid and spiral is longer.

Heat transfer

The graphics of the result show that the heat transfer tends to decrease if the discharge is greater. This is
because water discharge with the large flow is very fast so the heat transfer becomes smaller. Meanwhile the
graphics also show that the heat transfer for the 1,5 cm spiral variant tends to be bigger than the 1 and 0,5 cm
variants. This is because for the variants of 0,5 cm and 1 cm, the distance between the spirals is too tight so the
resistance becomes small, so the flow of the fluid is not really affected by those two variants. Unlike the 1,5 cm
spiral, for these variants, the fluid has big resistance so relatively large heat transfer occurs in case of these variants.

4. CONCLUSION

Based on the description of the results and discussion above, it can be concluded that the variation of the 1.5
cm spiral barrier affects the heat transfer performance of the heat exchanger, the spiral length and the amount of
discharge also influence the heat transfer rate. Heat transfer is said to be good when the temperature difference
resulting from the displacement is high.

5. ACKNOWLEDGEMENT
We would like to say thank you very much to:
1. Rector of PGRI University of Banyuwangi and and all his staff.
2. Ministry of Research, Technology and Higher Education; Beginner Lecturer Research Program in Fiscal
Year of 2018.

6. REFERENCES

[1] Sulaeman, Satria N. 2014. Analisa Efektivitas Alat Penukar Panas. Jurnal Teknik Mesin 4(1): 22 — 24.

[2] Hidayatullah R, Dwiyantoro BA, 2014. Studi Numerik Pengaruh Baffle Inclination pada Alat Penukar Kalor
Tipe U — Tube terhadap Aliran Fluida dan Perpindahan Panas. Jurnal Teknik Pomits 3(2): B198-B203.

[3] Budiman A, Syarief A, Isworo H. 2014. Analisis Perpindahan Panas Dan Efisiensi Efektif High Pressure
Heater (HPH) di PLTU Asam-Asam. Jurnal IImiah Teknik Mesin Unlam 03(2): 76-82

[3] Budiman A, Syarief A, Isworo H. 2014. Analisis Perpindahan Panas Dan Efisiensi Efektif High Pressure
Heater (HPH) di PLTU Asam-Asam. Jurnal lImiah Teknik Mesin Unlam 03(2): 76-82.

[4] Ikhwanul Qiram, Denny Widyanuriawan, Widya Wijayanti, 2015. Pengaruh variasi temperatur terhadap
kuantitas char hasil pirolisis serbuk kayu mahoni (switenia macrophylla) pada rotary kiln. Rekayasa Mesin
6(1), Universitas Brawijaya, Malang

[5] Awwaluddin M. 2007. Analisis Perpindahan Kalor Pada Heat Exchanger Pipa Ganda Dengan Sirip
Berbentuk Delta Wing. Skripsi. Jurusan Teknik Mesin. Fakultas Teknik. Universitas Negeri Semarang.

Journal of Engineering Design and Technology 90



LOGIC
Journal Rancang Bangun dan Teknologi Vol. 18 No. 3 November 2018

[6] Wigraha NA, 2015. Variasi Kemiringan Sudut Turbulator Terhadap Laju Perpindahan Panas Pada Alat
Penukar Kalor Aliran Berlawanan (Counter Flow Heat Exchanger). Jurnal Sains dan Teknologi 4(2): 661-
672.

[7] Titahelu N. 2011. Analisis Pengaruh Diameter Pada Susunan Setengah Tube Heat Exchanger Dalam
Enclosure Terhadap Karakteristik Perpindahan Panas. Jurnal Teknologi 8(1): 889 — 894

[8] Lazim M. 2013. Pengaruh Kecepatan Dan Sifat Fluida Pendingin Terhadap Koefisien Perpindahan

[9] Kasmara J, Fauzun, Suardjaja M. 2015. Studi Eksperimental Efektivitas Alat Penukar Kalor Shell Helical
Coil Tube Dengan Memanfaatkan Panas Gas Buang Mesin Diesel Sebagai Pemanas Solar. Prosiding. Science
And Engineering Nasional Seminar 1. Semarang.

[10] Syaichurrozi I, Karina AM, Imanuddin A. 2014. Kajian Performa Alat Penukar Panas Plate and Frame :
Pengaruh Laju Alir Massa, Temperatur Umpan dan Arah Aliran Terhadap Koefisien Perpindahan Panas
Menyeluruh. Eksergi X1(02): 11-18.

[11] Oktavianus D, Gunawan H, Hendrico, Napitupulu FH. 2015. Analisis Keefektifan Alat Penukar Kalor
Tabung Sepusat Aliran Berlawanan Dengan Variasi Pada Fluida Panas (Air) Dan Fluida Dingin (Metanol).
Prosiding. Seminar Nasional Pendidikan. FKIP Universitas Muhammadiyah Ponorogo: 544-549

[12] Reza A, Soenoko R, Sutikno D. Pengaruh Jumlah Sudu Static Radial Fin Terhadap Laju Perpindahan Kalor
dan Pressure Drop Pada Alat Penukar Kalor. Artikel. Jurusan Teknik Mesin. Fakultas Teknik. Universitas
Brawijaya

[13] Handoyo EA. 2001. Pengaruh Penggunaan Baffle pada Shell-and-Tube Heat Exchanger. Jurnal Teknik Mesin
3(1): 19-23

[14] Arnaw RF, Dwiyantoro BA. 2014. Studi Numerik Pengaruh Baffle Inclination pada Alat Penukar Kalor Tipe
Shell and Tube terhadap Aliran Fluida dan Perpindahan Panas. Jurnal Teknik Pomits 3(2): 2337-3539

[15] Supiyanto Supiyanto, Ikhwanul Qiram, Gatut Rubiono, 2017. Pengaruh pelat pengarah (Buffle) terhaadap
distribusi temperatur cold storage skala kecil. Virtual of mechanical engineering 2(1)

[16] Shinde SK, Pancha MH, 2012, Comparative Thermal Performance Analysis of Segmental Baffle Heat
Exchanger with Continuous Helical Baffle Heat Exchanger Using Kern Method, International Journal of
Engineering Research and Applications 4(2): 2264-2271

[17] Shinde SK, Pancha MH, Pavithran S, 2012, Improved Performance of Helixchanger Over Segmental Baffle
Heat Exchanger Using Kern’s Method, International Journal of Advances in Engineering & Technology 5(1):
29-39

[18] Gu X, Liu B, Wang Y, Wang K, 2016, Heat Transfer and Flow Resistance Performance of Shutter Baffle
Heat Exchanger with Triangle Tube Layout in Shell Side, Advances in Mechanical Engineering 8(3): 1-8

Journal of Engineering Design and Technology 91



