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ABSTRACT 
 
 
The design of a heat exchanger is very effective to reduce total production costs, compared 

to buying a ready-made exchanger. This study aims to design a heat exchanger with a 

manual calculation analysis method to get dimension calculations of the heat exchanger. 

Dimension calculation of heat exchanger aims to determine the quality of the heat exchanger 

based on the overall heat transfer coefficient and the dirt factor that occurs in the heat 

exchanger. The designed heat exchanger is a shell and tube type with 1 (one) pass shell and 2 

(two) pass tubes using water as hot fluid and cold fluid. The fluid flow is assumed to be the 

opposite. The results show the effectiveness of the heat exchanger reaches more than 50%. 

The performance of the designed heat exchanger is relatively good but it still does not meet 

the minimum requirements of the established dirt factor. This research can be useful as a 

learning method regarding the design process, working mechanism, and heat exchanger 

performance.   
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INTRODUCTION 

 

The heat exchanger is a crucial apparatus in the industry. This apparatus relates to industrial 

heating and cooling, as well as heat recovery processes (Chen et al., 2019). The process of 

heat exchange between fluids occurs through conductive elements (Dekhil et al., 2020). This 

process happens by utilizing the process of heat transfer from high- to low-temperature fluid 

(Shahsavar et al., 2021). 

The heat exchanger is widely utilized in the oil and gas processing industry. Currently, 

almost all existing chemical industries utilize heat exchangers (Dekhil et al., 2020). 

Therefore, the heat exchanger in industrial processes is almost always customized and 

designed. Numerous different heat exchanger designs are commercially available to meet 

superior conditions. Indeed, the design development must provide accommodations for a 

wide variety of substances that mix frequently, and often with uncertain compositions and 

properties to handle. 

In large-scale industries, heat exchanger works well to reduce fuel consumption, saving 

millions of dollars in annual production costs (Araiz et al., 2020). Given the importance of 

heat exchangers in the industrial sector, the design of heat exchangers in the industry is 

inevitable, especially for ZIF-8 industry production due to the involvement of hot water in 

the ZIF-8 production industry. The heat will be released into the environment and is usually 

wasted without being used. It should be noted that heat waste that is disposed of directly 

without being processed has a negative impact on the environment which can cause thermal 

pollution (Delpech et al., 2018).  

Based on our previous studies on the design of industrial apparatus (Nandiyanto et al., 2018; 

Sukmafitri et al., 2020), the purpose of this study is to propose a design of a heat exchanger 
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that is used to utilize heat energy from waste hot water produced from the production of zinc 

imidazole framework-8 (ZIF-8) particles in the industry. ZIF-8 is one of the metal-organic 

framework materials. In the ZIF-8 process, the heat exchanger aims to reheat the water using 

the concept of utilizing thermal energy from the hot water waste. In short, the temperature of 

the hot water waste can be decreased and then can be discharged into the environment or 

river without endangering the ecosystem in the river (Delpech et al., 2018). Figure 1 shows 

an illustration of the production of ZIF-8.  

This study designed a heat exchanger with a manual calculation analysis method to get 

dimension calculations of shell and tube type of heat exchanger. Dimension design of heat 

exchanger aims to determine the quality of the heat exchanger based on the overall heat 

transfer coefficient and the fouling factor that occurs in the heat exchanger. The shell and 

tube typed heat exchanger is designed simply but still refers to the existing design rules. This 

study can be useful as a learning method regarding the design process, working mechanism, 

and understanding the performance of the heat exchanger.  

 

FIGURE 1 Illustration of ZIF-8 Particles Production 
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MATERIAL AND METHOD 

 

This study designed a heat exchanger for application in the production of ZIF-8 particles. 

The heat exchanger design is a shell and tube type heat exchanger with 1 (one) pass shell and 

2 (two) pass tubes using water as hot and cold fluids. The design specification of the heat 

exchanger was calculated using Microsoft Excel with consideration of several parameters 

(Nurahmadi, 2017 & Ihsan, 2017). Meanwhile, the results of drawings and layouts of the 

designed heat exchanger apparatus were carried out using the HRTI application that has been 

calculated manually. Here, the performance calculations of the heat exchanger were focused 

based on a calculation using the formula in equations 1-5 to determine the thermal load (Q), 

the logarithmic mean temperature difference (LMTD), the heat transfer surface area (A), and 

the number of tubes (Nt), sequentially. 

Based on the conservation of energy, the amount of heat transfer from the hot fluid to the 

cold fluid (thermal load, Q) can be calculated by equations 1 and 2. 

Qin = Qout          (1) 

                            (2) 

where Q is the energy transferred (W), m is the mass flow rate of the fluid (kg/s), Cp is the 

specific heat, dan    is the fluid temperature difference (C). 

The temperature of the fluid in a heat exchanger is usually not constant but differs from point 

to point as heat flows. Therefore, the thermal resistance is constant, the heat flow rate will be 

different along the path of the heat exchanger. Determination of the logarithmic mean 

temperature difference (LMTD) is calculated by equation 3. 

     
                   

  
         

         

        (3) 

where    ,    ,    , and     are the temperature of the hot fluid inlet (°C), hot fluid outlet 

(°C), cold fluid inlet (°C), cold fluid outlet (°C), respectively.  
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The design of the heat transfer area (A) can be calculated by equation 4. 

  
 

      
          (4) 

where   is the energy transferred (W),   is the overall heat transfer coefficient, and LMTD is 

the logarithmic mean temperature difference. The   value is obtained from the literature that 

if the hot fluid contains water and the cold fluid contains water, then the   value is 1000 

(W/m
2
°C). 

The number of tubes (Nt) is calculated by equation 5. 

   
 

      
          (5) 

where N is the number of tubes, A is the area of the heat transfer area (m
2
),   worth 3.14,    

tube diameter (m), and   is tube diameter (m). 

RESULTS AND DISCUSSION 

In designing a shell and tube type heat exchanger, several assumption data are used for the 

calculation process of the heat exchanger design specifications, including the assumption data 

of the heat exchanger specifications and the assumption data of the fluid properties that work 

on the heat exchanger apparatus. Table 1 shows the assumptions for the dimensional 

specifications of the shell and tube type heat exchanger and Table 2 shows the assumptions 

for the fluid properties acting on the apparatus. 

Table 1 Shell and Tube Type Heat Exchanger Specifications 

Material Carbon Steel 

Length (m) 6.096 

Shell Diameter (m) 0.154 

Inner Tube Diameter  (m) 0.01483 

Outer Tube Diameter (m) 0.019 

Wall Thickness (m) 0.0017 

Flow Area per Tube (m
2
) 0.00017 

Tube layout angel (°) 30 

Thermal Conductivity (W/m°C) 45 
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Table 2 Data of Fluid Properties of Working on Heat Exchanger 

Side Shell Side Tube Side 

Fluida Type Hot Water (Th) Cold Water (Tc) 

Iinlet Temperature, Tin (°C) 90 20 

Ooutlet Temperature, Tout (°C) 75 60 

Fluid Flow Rate, m (kg/s) 0.303 0.606 

Pressure, P (atm) 1 1 

Heat Capacity, Cp (J/kg°C) 4206 4182 

Density, ρ (kg/m
3
) 1000 1000 

Thermal Conductivity (W/m.K) 0.6804 0.5978 

 

The present heat exchanger model is used to determine the thermal load (Q), the logarithmic 

mean temperature difference (LMTD), the heat transfer surface area (A), and the number of 

tubes (Nt) of the heat exchanger. Data used to model the heat exchanger in the form of 

parameters whose values have been set as in Tables 1 and 2. Based on the analysis of the 

assumption data calculation, the designed heat exchanger follows the specifications in Table 

3. Based on the shell and tube, the dimensions specifications which refer to the standards of 

The Tubular Exchanger Manufacturers Association (TEMA) and calculations, the 2D tube 

layout, 3D bundle layout, exchanger drawing, setting plan, and 3D exchanger drawing of the 

designed heat exchanger apparatus are shown in Figures 2-4. 

The results of the heat exchanger that has been designed are two pass-shell and tube types. 

The heat transfer rate generated by the apparatus is 101.371 W (see Table 6). Other 

parameters such as LMTD, surface area, number of tubes, and effectiveness value of the 

designed heat exchanger are 37.70°C, 2.8392 m
2
, 16 pcs, and 57.143%, sequentially (see 

Table 6). Based on the calculation results, the shell and tube type heat exchanger which has 

been successfully designed with a heat transfer effectiveness greater than 50% with the 

characteristics of the flow in the shell and tube is turbulent flow type since the Reynolds 

number > 2300 (Hasanpour et al., 2014). One of the factors that affect the value of 

effectiveness in the heat exchanger is the LMTD value because the value of effectiveness 
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measures the amount of heat carried. A high value of effectiveness associates with a high-

temperature difference between input and output (Pourhoseini et al., 2018). However, based 

on the fouling factor value, the dimensions of the heat exchanger apparatus designed do not 

meet the requirements of the standard that has been set because the standard permissible dirt 

factor from TEMA for water fluid is 0.0002 °C.m
2
/W.  

Tabel 3 Heat Exchanger Specifications based on the Calculation Results 

No Parameters Results 

1 Initial Heat Transfer Rate (Q) 101.371 W 

2 Logarithmic Mean Temperature Difference 

(LMTD)  

35.70°C 

3 Assumed Overall Fluid Heat Coefficient of 

Water (Ua) 

1000 W/m
2
.K 

4 Area of Heat Transfer (A) 2.8392 m
2
 

5 Number of Tube (Nt)  16 

6 CTP 0.9 

7 CL 0.87 

8 Total Heat Transfer Surface Area in Tube (at) 0.0006635 m
2
 

9 Mass Flow Rate of Water Fluid in Tube (Gt) 913.233 kg/m
2
.s 

10 Reynold Number in Tube (Re, t) 17299.53 

11 Prandtl Number in Tube (Pr, t) 2.6489 

12 Nusselt Number in Tube (Nu, t) 110.7030 

13 Convection Heat Transfer Coefficient in the 

Tube (hi) 

3483.0690 

W/m
2
.K 

14 Bundle Shell (Db) 0.269 m 

15 Total Heat Transfer Surface Area in Shell (as) 0.0409 m
2
 

16 Mass Flow Rate of Water Fluid in Shell (Gs) 7.397 kg/m
2
.s 

17 Equivalent Diameter (De) 0.343 m 

18 Reynold Number in Shell (Re, t) 8061.7676 

19 Prandtl Number in Shell (Pr, t) 1.3954 

20 Nusselt Number in Shell (Nu, t) 56.6682 

21 Convection Heat Transfer Coefficient in Shell 

(ho) 

112.3195 W/m
2
.K 

22 Overall Heat Transfer Coefficient Actual 

(Uact) 

108.811 W/m
2
.K 

23 Hot Fluid Heat Capacity Rate (    1274.418 W/°C 

24 Cold Fluid Heat Capacity Rate (    2534.292 W/°C 

25 HE Effectiveness (   57.143% 

26 Number of Transfer Unit (NTU) 0.122 

27 Dirt Factor (Df) 0.008 °C.m
2
/W 
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Although the effectiveness of the heat exchanger is more than 50%, however, this heat 

exchanger still does not meet the standards when viewed from the point of view of the 

fouling factor value. Fouling occurs due to the formation of a layered deposit on the heat 

transfer surface of an unwanted substance or compound. Deposit on the surface of the heat 

exchanger gives rise to lower efficiency heat transfer. Based on Jurnal  (2018) and Costa et 

al. (2013), several factors cause the fouling factor value to be very high including the 

diameter shell, diameter tube, number of the baffle, type of fluid, fluid temperature, mass 

flow rate, the type and concentration of impurities present in the fluid. Therefore, the 

variables that affect the fouling factor need to be considered to obtain a fouling factor that is 

minimal. 

 

FIGURE 2 2D tube layout (a) and 3D bundle layout (b) 

 

FIGURE 3 Exchanger drawing 
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FIGURE 4 Setting plan 

CONCLUSION 
 

The results of this study indicate that in designing shell and tube type heat exchanger with a 

capacity of 101371 Watt obtained shell and tube with two passes type, equipped with the 

number of tubes as much as 16 pieces. We get the convection heat transfer coefficient for 

shell and tube are 3483 and 112 W/m
2
.K, respectively. The effectiveness value of the 

designed heat exchanger is equal to 57%. 
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