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Abstract 
The purpose of this research is to design a shell and tube type heat exchanger 
(two passes) for application in the titanium dioxide (TiO2) production industry. 
To design the heat exchanger, the Tubular Exchanger Manufacturers Association 
(TEMA) standard is used to obtain the dimensional specifications of the device. 
Several other specifications are also specified, especially the specifications for 
the working fluid. Then, these parameters are calculated manually using the 
Microsoft Excel application to evaluate the performance of the designed heat 
exchanger. The results of the study indicate that the designed heat exchanger has 
met the standard. The heat exchanger has 29 tubes with an effective value of more 
than 65%. A high value of tool effectiveness indicates that the heat exchanger has 
good performance. Hopefully, this planning and design can be used as a reference 
in a design in a heat exchanger in the future so that it can be more economical, 
effective, and has high reliability in production activity. 

Keywords: Effectiveness, Heat exchanger, Laboratory scale, Performance, Shell 
and tube. 
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1.  Introduction 
The heat exchanger acts as a transfer of heat between two fluids. Heat transfer can 
occur directly, where the fluid is first heated by mixing the heating fluid (without a 
separator) in the same container. Meanwhile, heat transfer through an indirect 
process occurs when the heating fluid is not in direct contact with the heating fluid. 
Thus, the heat transfer process has intermediate media such as pipes, plates, or 
equipment other [1, 2].  

Until now, the heat exchanger system is developing quite rapidly and can be 
applied in life, especially in the industrial sector such as oil refineries, factories 
chemical and petrochemical, natural gas industry, refrigeration, and power 
generation [3, 4].  

Sarafraz et al. [5] investigated the thermal performance of a chevron-type flat 
plate heat exchanger for operating with CuO/water nanofluids. According to their 
findings, applying constant vibration to the heat exchanger improves the overall 
system performance. In the absence of vibration, particle contaminants constantly 
accumulate on the inner wall of the heat exchanger. Indeed, the contaminations 
cause thermal resistance.  

Shirvan et al. [6] have provided a novel model for analysing the sensitivity and 
efficacy of a twin pipe heat exchanger. Fares et al. [7] also developed a shell and 
tube heat exchanger model for operating graphene nanofluids. It increases the 
thermal performance of the vertical shell and tube heat exchanger. It has been 
mentioned earlier that heat exchangers are very influential in the industry on the 
success of the whole series of processes because the failure of the operation of this 
apparatus both due to mechanical or operational failure can lead to cessation of 
other unit operations [8]. Then, a heat exchanger is required to have good 
performance; thus, maximum results can be obtained and can fully support other 
operational units. One of the performance characteristics of a heat exchanger is the 
effectiveness of the heat exchanger.  

In our previous studies, we designed industrial apparatuses [9, 10] as well as 
analysed and evaluated some trainings, experiments, processes [11-18]. Here, the 
objective of this study is to focus on the design of a shell and tube-typed heat 
exchanger for application in titanium dioxide (TiO2) particles production.  

Figure 1 shows an illustration of the TiO2 synthesis process on a laboratory 
scale. Based on Fig. 1, the laboratory-scale TiO2 production process requires a 
heating device at a temperature of 80°C to mix all the precursors. For the 
assumption of the production process on an industrial scale, the heater on the 
laboratory scale is replaced by a heat exchanger.  

Therefore, since the design of industrial apparatus evaluation especially a heat 
exchanger apparatus in the production of TiO2 for industrial applications is still 
rare, here we evaluated heat exchanger performance for being applied in the TiO2 
production. The evaluation was done, in which the focus calculation is based on 
heat transfer surface area (A) that depend on other parameters, namely overall heat 
transfer coefficient (U), thermal load (Q), and logarithmic mean temperature 
difference (LMTD or ∆Tlm) to get the standard dimension of designed heat 
exchanger apparatus. 
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Fig. 1. Illustration of particles production. 

2. Method 
The present heat exchanger (i.e. shell and tube type heat exchanger) was designed, 
based on the Tubular Exchanger Manufacturers Association (TEMA) standard for 
designing the dimension of apparatus. After designing the dimensions of the 
equipment according to the standard, the basic performance of the apparatus is 
evaluated by calculating heat exchanger parameters such as the thermal analysis 
takes the form of an overall calculation of U, LMTD, Q, and pressure drop. All 
parameters are calculated manually using basic Microsoft Office applications that 
are calculated based on Equations 1-27 in Table 1. Then, the 2D and 3D layouts are 
obtained by the HTRI application by entering the values that have been calculated 
manually into the HTRI software. All data were then compared to literature using 
searching method as reported previously [19, 20]. 

Table 1. Heat exchanger parameter calculation. 
Section Parameter Equation Eq. 
Basic 
parame
ters 

The energy 
transferred (Q; 

Wt) 

Qin = Qout 

𝑚𝑚𝑐𝑐 × 𝐶𝐶𝐶𝐶𝑐𝑐 × ∆𝑇𝑇𝑐𝑐 = 𝑚𝑚ℎ × 𝐶𝐶𝐶𝐶ℎ × ∆𝑇𝑇ℎ 
where  
m = the mass flow rate of the fluid (Kg/s) 
Cp = the specific heat 
∆𝑇𝑇 = the fluid temperature difference (°C). 
 

(1) 

Logarithmic mean 
temperature 
differenced 

(LMTD) 

𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿 =
(𝑇𝑇ℎ𝑖𝑖 − 𝑇𝑇𝑇𝑇𝑖𝑖) − (𝑇𝑇ℎ𝑜𝑜 − 𝑇𝑇𝑇𝑇𝑜𝑜)

𝑙𝑙𝑙𝑙 (𝑇𝑇ℎ𝑖𝑖 − 𝑇𝑇𝑇𝑇𝑖𝑖)
(𝑇𝑇ℎ𝑜𝑜 − 𝑇𝑇𝑇𝑇𝑜𝑜)

 

where 
𝑇𝑇ℎ𝑖𝑖 = temperature of the hot fluid inlet (°C)  
𝑇𝑇ℎ𝑜𝑜 = temperature of the hot fluid outlet (°C) 
𝑇𝑇𝑇𝑇𝑖𝑖 = temperature of the cold fluid inlet (°C) 
𝑇𝑇𝑇𝑇𝑜𝑜= temperature of the cold fluid outlet (°C) 

(2) 

Correction factor 
(F) 𝑅𝑅 =

𝑇𝑇ℎ𝑖𝑖 − 𝑇𝑇ℎ𝑜𝑜
𝑇𝑇𝑐𝑐𝑐𝑐 − 𝑇𝑇𝑐𝑐𝑐𝑐

 (3) 
(4) 
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 𝑃𝑃 =
𝑇𝑇𝑐𝑐𝑐𝑐 − 𝑇𝑇𝑐𝑐𝑐𝑐
𝑇𝑇ℎ𝑖𝑖 − 𝑇𝑇𝑐𝑐𝑐𝑐

 

𝐹𝐹 =
√𝑅𝑅2 + 1 ln[ 1 −𝑃𝑃

1 −𝑃𝑃𝑃𝑃]

(𝑅𝑅 − 1) ln(2−𝑃𝑃(𝑅𝑅 + 1− √𝑅𝑅2 + 1 
2−𝑃𝑃(𝑅𝑅 + 1 + √𝑅𝑅2 + 1 

)
 

(5) 

Heat Transfer 
Field Area (A; 

m2) 
𝐴𝐴 =

𝑄𝑄
𝑈𝑈 × 𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿 (6) 

Number of Tubes 
(N) 𝑁𝑁 =

𝐴𝐴
𝜋𝜋 ×𝐷𝐷𝑜𝑜 × 𝑙𝑙 

where  
𝜋𝜋 = 3.14 
𝐷𝐷𝑜𝑜= tube diameter (m) 
𝑙𝑙 = tube length (m). 

(7) 

Shell Diameter 
(Ds; m) 

 𝐷𝐷𝑠𝑠 = 0.63(
� 𝐶𝐶𝐶𝐶
𝐶𝐶𝐶𝐶𝐶𝐶 × ((𝐴𝐴× (𝑃𝑃𝑃𝑃)2 × 𝐷𝐷𝑜𝑜

𝑙𝑙 )
1
2 

where  
P, R = the correction factor 
𝐷𝐷𝑜𝑜 = tube diameter (m). 
For CTP value (one tube pass = 0,93; two tube pass 
= 0,90; and three tube pass = 0,85) and CL value 
(90° and 45° = 1,00; and 30° and 60° = 0,87). 

(8) 

Tube  Surface Area of 
Total Heat 

Transfer in Tube 
(at; m2) 

𝑎𝑎𝑡𝑡 = 𝑁𝑁𝑡𝑡
𝑎𝑎′𝑡𝑡
𝑛𝑛  

where  
𝑁𝑁𝑡𝑡 = the number of tubes 
𝑎𝑎′𝑡𝑡 = the flow area in the tube (m2) 
n = the number of passes.  

(9) 

Mass Flow Rate 
of Water in Tube 

(Gt; kg/m2s) 

𝐺𝐺𝐺𝐺 =
𝑚𝑚ℎ

𝑎𝑎𝑡𝑡
 

 where  
𝑚𝑚ℎ = the mass flow rate of the hot fluid (kg/s) 
𝑎𝑎𝑡𝑡 = the flow area tube (m2 

(10) 

Reynold number 
in tube (Re, t) 𝑅𝑅𝑅𝑅𝑡𝑡 =

𝑑𝑑𝑑𝑑𝑡𝑡 × 𝐺𝐺𝐺𝐺
𝜇𝜇  

where  
𝑑𝑑𝑑𝑑𝑡𝑡 = the inner tube diameter (m),  
𝐺𝐺𝐺𝐺 = the mass flow of water in the tube (m2) 
𝜇𝜇 = the dynamic viscosity (Kg/ms). 

(11) 

Prandtl Number 
(Pr, t) 𝑃𝑃𝑃𝑃 = (

𝐶𝐶𝑝𝑝 × 𝜇𝜇
𝐾𝐾 )

1
2 

where  
Pr = Prandtl number 
Cp = the specific heat of the fluid in the tube 
𝜇𝜇 = the dynamic viscosity of the fluid in the tube 
(Kg/ms) 
K = the thermal conductivity of the tube material 
(W/m°C). 

(12) 

Nusselt number 
(Nu, t) 

𝑁𝑁𝑁𝑁 = 0.023 × 𝑅𝑅𝑒𝑒𝑡𝑡0.6 × 𝑃𝑃𝑃𝑃0.33 (13) 

Inside coefficient 
(hi) ℎ𝑖𝑖 =

𝑁𝑁𝑁𝑁 ×𝐾𝐾
𝑑𝑑𝑖𝑖 , 𝑡𝑡

 (14) 
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where  
ℎ𝑖𝑖 = the convection heat transfer coefficient in the 
tube (W/m2°C) 
K = the thermal conductivity of the material 
(W/m°C) 
𝑑𝑑𝑖𝑖 , 𝑡𝑡 = the inner tube diameter (m). 

Shell  Shell flow area 
(𝐴𝐴𝑠𝑠) 𝐴𝐴𝑠𝑠 =

𝑑𝑑𝑠𝑠 × 𝐶𝐶 × 𝐵𝐵
𝑃𝑃𝑡𝑡

 

𝐷𝐷𝑏𝑏 = 𝑑𝑑𝑜𝑜(
𝑁𝑁𝑡𝑡
𝑘𝑘1

)
1
𝑛𝑛1 

where 
𝑑𝑑𝑠𝑠 = shell diameter (m)  
C = clearance (𝑃𝑃𝑡𝑡-𝑑𝑑𝑜𝑜) 
B = a shell bundle 
𝑃𝑃𝑡𝑡 = tube pitch (1.25× 𝑑𝑑𝑜𝑜) (m). 

(15) 
(16) 

Mass Flow Rate 
of Water in Shell 

(Gs) 

𝐺𝐺𝐺𝐺 =
𝑚𝑚𝑐𝑐

𝑎𝑎𝑠𝑠
 

where 
 𝑚𝑚𝑐𝑐 = the mass flow rate of the cold fluid (Kg/s)  
𝐴𝐴𝑠𝑠 = the shell flow area (m2). 

(17) 

Equivalent 
diameter (𝑑𝑑𝑒𝑒) 𝑑𝑑𝑒𝑒 =

4(𝑃𝑃𝑃𝑃2 × 0.87 𝑃𝑃𝑃𝑃 − 1
2𝜋𝜋

𝑑𝑑𝑜𝑜,𝑡𝑡
4 )

1
2𝜋𝜋𝑑𝑑𝑜𝑜,𝑡𝑡

 

where  
𝑃𝑃𝑡𝑡  = tube pitch (1.25× 𝑑𝑑𝑜𝑜) (m) 
 π  = 3.14 
𝑑𝑑𝑜𝑜,𝑡𝑡  = tube outside diameter (m). 

(18) 

Reynold number 
in shell (Re,s) 𝑅𝑅𝑅𝑅𝑠𝑠 =

𝑑𝑑𝑑𝑑𝑡𝑡 × 𝐺𝐺𝐺𝐺
𝜇𝜇  

where 
𝑑𝑑𝑑𝑑𝑠𝑠 = inner tube diameter (m) 
𝐺𝐺𝐺𝐺 = the mass flow of water in the shell (Kg/m2s) 
𝜇𝜇  = the dynamic viscosity (kg/ms). 

(19) 

Prandtl Number in 
shell (Pr, s) 𝑃𝑃𝑃𝑃 = (

𝐶𝐶𝑝𝑝 × 𝜇𝜇
𝐾𝐾 )

1
2 

where 
Cp = specific heat capacity (kJ/kg°C) 
𝜇𝜇 = dynamic fluid viscosity (kg/ms) 
K = thermal conductivity (W/m°C). 
 

(19) 

Nusselt number in 
shell (Nu, s) 

𝑁𝑁𝑢𝑢𝑠𝑠 = 0.023 × 𝑅𝑅𝑒𝑒𝑠𝑠0.6 × 𝑃𝑃𝑃𝑃0.33 
 

(20) 

Convection Heat 
Transfer 

Coefficient (ho) 
ℎ𝑜𝑜 =

𝑁𝑁𝑁𝑁 ×𝐾𝐾
𝑑𝑑𝑒𝑒

 

where 
ℎ𝑜𝑜  = convection heat transfer coefficient 
(W/m2°C)  
K = thermal conductivity (W/m°C)  
𝑑𝑑𝑒𝑒= equivalent diameter (m). 

(21) 

Shell 
and 
Tube 

Actual Overall 
Heat Transfer 

Coefficient (Uact) 
𝑈𝑈𝑎𝑎𝑎𝑎𝑎𝑎 =

1
1
ℎ𝑖𝑖

+ ∆𝑟𝑟
𝑘𝑘 + 1

ℎ𝑜𝑜

 

where  
ℎ𝑖𝑖 = inside heat transfer coefficient (W/m2°C) 

(22) 
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ℎ𝑜𝑜 = outside heat transfer coefficient (W/m2°C), 
∆𝑟𝑟= wall thickness (m) 
k = thermal conductivity(W/m°C) 

Heat 
rate 

Hot Fluid Rate 
(𝐶𝐶ℎ; W/°C) 

𝐶𝐶ℎ = 𝑚𝑚ℎ.𝐶𝐶𝐶𝐶ℎ 
where 
𝐶𝐶𝐶𝐶ℎ = specific heat capacity (J/kg°C) 
𝑚𝑚ℎ = mass flow rate of hot fluid (kg/s). 

(23) 

Cold Fluid Rate 
(𝐶𝐶𝐶𝐶; W/°C) 

and 
Maximum Heat 
Transfer (Qmax; 

W) 

𝐶𝐶𝐶𝐶 = 𝑚𝑚𝑐𝑐 .𝐶𝐶𝐶𝐶𝑐𝑐 
where 
𝐶𝐶𝐶𝐶ℎ  = specific heat capacity (J/kg°C),  
𝑚𝑚𝑐𝑐  = mass flow rate of cold fluid (kg/s). 

𝑄𝑄𝑚𝑚𝑚𝑚𝑚𝑚 = 𝐶𝐶𝑚𝑚𝑚𝑚𝑚𝑚�𝑇𝑇ℎ,𝑖𝑖 − 𝑇𝑇𝑐𝑐,𝑖𝑖� 
where 
Cmin = minimum heat capacity rate (W/°C) 
𝑇𝑇ℎ,𝑖𝑖 = temperature of the hot fluid inlet (°C) 
𝑇𝑇𝑐𝑐,𝑖𝑖 = temperature of the cold fluid inlet (°C). 

(24) 

Effectiven
ess 

Heat 
Exchanger 

Effectiveness 
(𝜀𝜀) 

𝜀𝜀 =
𝑄𝑄𝑄𝑄𝑄𝑄𝑄𝑄
𝑄𝑄𝑄𝑄𝑄𝑄𝑄𝑄 × 100% 

where 
𝑄𝑄𝑎𝑎𝑎𝑎𝑎𝑎 = actual energy transferred (W)  
𝑄𝑄𝑚𝑚𝑚𝑚𝑚𝑚 = maximum heat transfer (W) 

(25) 

Number of 
Transfer Unit 

(NTU) 
𝑁𝑁𝑁𝑁𝑁𝑁 =

𝑈𝑈 × 𝐴𝐴
𝐶𝐶𝑚𝑚𝑚𝑚𝑚𝑚

 

where  
𝐶𝐶𝑚𝑚𝑚𝑚𝑚𝑚 = minimum heat capacity rate (W/°C). 

(26) 

Fouling factor 
(Rf) 𝑅𝑅𝑅𝑅 =

𝑈𝑈𝑎𝑎 −𝑈𝑈𝑎𝑎𝑎𝑎𝑎𝑎
𝑈𝑈𝑎𝑎 × 𝑈𝑈𝑎𝑎𝑎𝑎𝑎𝑎

 

where 
Rf = fouling factor 
𝑈𝑈𝑎𝑎= overall heat transfer coefficient (W/m2°C) 
𝑈𝑈𝑎𝑎𝑎𝑎𝑎𝑎 = actual overall heat transfer coefficient 
(W/m2°C) 

(27) 

3. Results and Discussion 
Several assumptions are used to design and estimate the performance of the 
apparatus heat exchanger, including: 

(i) The type of heat exchanger is a shell and tube with two-pass process. 
(ii) The material used for the design of the heat exchanger is carbon steel 
(iii) The fluid used is a water-water fluid system. 
(iv) The flow system in this heat exchanger is a counter-current flow 
(v) The cold fluid is assumed to be on the tube side and the hot fluid is assumed 

to be on the shell side and. 
(vi) The specifications for the type of stationary head (indicating the front end), 

shell (indicating the shell type), and rear head (indicating the rear-end type) 
of the heat exchanger respectively are AEW 

(vii) Assuming there is no heat leak during the heat exchange process 
(viii) Overall coefficient (U) for hot and cold fluids water is 800 W/m2°C 
(ix) The orientation of the shell geometry is horizontal 
(x) The baffle type is single segmental with orientation perpendicular 
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The dimensions of the designed apparatus heat exchanger follow several 
assumptions. Table 2 shows the dimensions of the heat exchanger apparatus 
according to the TEMA standard. 

The design of the heat exchanger is needed to evaluate the performance of the 
apparatus. The performance of the apparatus heat exchanger includes Q, LMTD, A, 
and Nt of the heat exchanger. The data used to the heat exchanger model have been 
defined as in Tables 2 and 3 which respectively show the apparatus dimension 
specifications and fluid specifications. According to the analysis, the designed heat 
exchanger and its specifications is presented in Table 3. The dimension 
specifications of the apparatus refer to the TEMA standards. Figures 2-4 illustrate 
the 2-dimensional tube layout drawing (Fig. 2(a)), 3-dimensional bundle layout 
(Fig. 2(b)), exchanger drawing (Fig. 3), and setting plan (Fig. 4).Table 2 presents 
the specifications of the fluid acting on the apparatus. 

Table 2. Dimensional specifications of the heat  
exchanger apparatus based on the TEMA standard. 

Parameters Specifications 
Conductivity Material (W/m°C) 206 
Tube Diameter (m) 0.016 
Wall Thickness (m) 0.0012 
Tube Length (m) 1.83 
Tube arrangements Triangular 
Pitch Tube (m) 0.0064 
Tube-side passes 2 pass 
Tube Characteristic Angle (°) 30 
Shell Diameter (m) 0.15 
Baffle Cut  20% 
Baffle Spacing (m) 0.0675 

Table 3. Specifications of hot and cold fluids 

Parameters Specifications 
Shell side Tube side 

Inlet Temperature (Th,in; °C) 90 - 
Outlet Temperature (Th,in; °C) 50 - 
Inlet Temperature (Tc,in; °C) - 30 
Outlet Temperature (Tc,in; °C) - 80 
Fluid Flow Rate (kg/s) 0.003 0.001 
Density (kg/m3) 971.82 992.22 
Viscosity (Nm/s2) 0.315 0.798 
Thermal Conductivity (W/m.K) 679.1 630.5 
Heat Specific (kJ/kg. K) 4.1785 4.2159 
Operating Pressure (bar) 1.013 1.013 

Based on the assumptions in Tables 2 and 3, Table 4 shows the results of 
calculations to evaluate the performance of the designed apparatus heat exchanger. 
According to the results, the heat transfer rate is 669.12 W (Table 3). Several 
parameters such as LMTD, surface area, number of tubes, overall heat exchanger 
transfer coefficient, and the effective value of the designed heat exchanger were 58°C, 
14,224 m2, 29 pcs, 34.696 W/m2.K, and 66.67%, respectively (see Table 3). The high 
overall heat exchanger transfer coefficient value indicates the easier it is for heat to 
move from the hot fluid to the cold fluid [21]. The effectiveness of the successfully 
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designed heat exchanger apparatus is more than 60%. The resulting effectiveness 
value measures the amount of heat carried, the value is large if the temperature 
difference between the input and output is large. Therefore, the effectiveness of the 
heat exchanger is directly proportional to the magnitude of the temperature difference 
[22]. The fluid flow on the tube side shows turbulent flow. Meanwhile, the fluid flow 
on the shell side shows laminar flow. Fluid flow is determined by the Reynolds value 
(Re). If the value of Re is larger than 2300, the fluid flow follows the turbulent flow. 
On the other hand, if Re < 2300, the fluid flow follows laminar flow [23]. Although 
the effective value is good, some parameters still do not meet the standards, namely 
the fouling resistance value. Here, the fouling resistance value still exceeds the 
permissible standard value. Based on the TEMA standard, the fouling resistance 
value for water fluid is 0.0002 °C.m2/W.  

Table 4. Performance parameters of heat  
exchangers designed based on calculations. 

No. Parameter Results 
1 Initial Heat Transfer Rate (Q) 669.12 W 
2 Logarithmic Mean Temperature Difference (LMTD)  58°C 
3 Assumed Overall Fluid Heat Coefficient of Water (Ua) 1000 W/m2.K 
4 Area of Heat Transfer (A) 14.224 m2 
5 Number of Tube (Nt)  29 
6 Total Heat Transfer Surface Area in Tube (at) 3.594 m2 
7 Mass Flow Rate of Water Fluid in Tube (Gt) 0.00166 kg/m2.s 
8 Reynold Number in Tube (Re, t) 25070.82 
9 Prandtl Number in Tube (Pr, t) 5.326 
10 Nusselt Number in Tube (Nu, t) 17.416 
11 Convection Heat Transfer Coefficient in the Tube (hi) 512.714 W/m2.K 
12 Bundle Shell (Db) 6.867 m 
13 Total Heat Transfer Surface Area in Shell (as) 0.00174 m2 
14 Mass Flow Rate of Water Fluid in Shell (Gs) 2.293 kg/m2.s 
15 Equivalent Diameter (De) 0.126 m 
16 Reynold Number in Shell (Re, s) 921.580 
17 Prandtl Number in Shell (Pr, s) 1.966 
18 Nusselt Number in Shell (Nu, s) 8.326 
19 Convection Heat Transfer Coefficient in Shell (ho) 44.068 W/m2.K 
20 Overall Heat Transfer Coefficient Actual (Uact) 34.696 W/m2.K 
21 HE Effectiveness (𝜺𝜺) 66.67% 
22 Number of Transfer Unit (NTU) 29.50 
23 Fouling Resistance 0.027 °C.m2/W 

 
Figure 2. 2D tube layout (a) and 3D bundle layout (b). 
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Fig. 3. Exchanger drawing. 

 
Fig. 4. Setting plan. 

Here, a little background information on how to design a heat exchanger would 
be good to include to demonstrate the need for the current design. Recent advances 
in heat exchanger systems are concerned with various aspects of the system design 
and modeling/simulation process and their impact on performance. 

4. Conclusion 
Based on the TEMA standard-based design, the heat exchanger with the shell and 
tube type with two-pass process operated with the number of the tube as much as 
29 pcs. The heat transfer rate is 669.12 W with the turbulent flow on the tube side 
and laminar flow on the shell side. The effectiveness of the heat exchanger reaches 
more than 65%. Therefore, the heat exchanger designed has good performance. 
Standard parameters for designing apparatus heat exchangers are needed to obtain 
good apparatus performance and meet the basic requirements of the apparatus, for 
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example by meeting the rules of the TEMA standard for dimensions and geometries 
(such as fluid temperature, flow rate, flow regulation, heat exchanger material, tube 
length, diameter shell and tube, and the number of tubes and baffles). 
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