
Journal of Mechatronics, Automation and Identification Technology 
Vol. 7, No. 3, pp. 1 – 6, 2022. 

 

1 

Heat Transfer Analysis and Simulation of TEMA-E Heat 

Exchanger 
 

Abdulrahman A.A. EMHEMED¹, Salahaddin M SAHBOUN²,  Dirman HANAFI³ 

¹˒²Faculty of Technical Engineering, Bright Star University, El-Brega, Libya 

³Faculty of Electrical Engineering, University Tun Hussein Onn Malaysia, Batu Pahat, Malaysia 

abdo_83f@yahoo.com¹,  smmaaaas@gmail.com², dirman@uthm.edu.my³ 

Corresponding Author: Abdulrahman A.A. EMHEMED 

 

Abstract— Heat exchanger is one of the thermal energy 

transferring devices, its working transfer the heat between two 

different fluids. This paper focuses on heat transfer analysis of 

the TEMA-E heat exchanger system temperature control based 

on the mathematical model. The mathematical model is 

constructed using dynamics and real parameters of the heat 

exchanger.  TEMA-E heat exchanger dynamics is calculated as 

an open loop system mechanism that attempts to correct the 

error between a measured process variable and the desired set 

point. While valve transfer function is important to control by 

the temperature output. Temperature behavior for the TEMA-

E Heat Exchanger that can be desired by different valve 

positions and simulated. Therefore, the heat transfer coefficient 

based valve position has been investigated. The valve position 

control is a suitable control to investigate the heat transfer 

performance of a real TEMA-E heat exchanger. Matlab 

software is used to simulate, and there was a moderate 

correlation between the experimental and theoretical results. 
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I. INTRODUCTION 

 There are many types of heat exchangers, although 

their common function is the transfer of heat from one 

medium to another. This usually requires both fluids to 

flow past a separating membrane that provides 

conductive transfer from the high temperature fluid to 

the low-temperature fluid. Heat exchanger (HE) used in 

many applications such as air conditioning, 

refrigeration, heat recovery and manufacturing 

industries. Control valve used in heat exchanger to 

control the output process at open loop system for 

analysis the heat transfer for TEMA-E model by 

mechanism attempts to correct the error between a 

measured process variable and the desired set point by 

calculating and then outputting a corrective action 

[1][2]. TEMA 1999. has described the Shell-and-tube 

exchangers, has different model internal constructions. 

The method is used to reduce thermal stresses, this is 

working in different levels on pressure and heat 

transfer. Therefore, at the operating pressures and 

temperatures, under the highly asymmetric flows, this 

requires reducing the leakages problem, and also 

providing services cleaning and controlling the 

corrosion effect. TEMA, 1999, has developed 

guidelines for the use of major types of shell-and-tube 

exchangers systems, for each design of the shell-and-

tube exchangers system, has the first letter which is 

indicating the front and end head design type [3,4] The 

second letter is the shell type, and the third the letter 

rear-end head type. If we want to increase the level of 

heat transfer, this requires to employed effective service 

area heat transfer that can be done by the addition of 

fins or spines to the effective service area [5]. Increasing 

heat transfer is relatively important to increase the 

efficiency of shell and tube heat exchangers [6]. To 

study heat transfer and flow in a heat exchanger, the 

pressure drop and heat transfer should be examined. 

Few studies have covered the determination 

of F and P for TEMA-E heat exchangers. In 1976. 

researchers analyzed the influence of the baffles with 

fluids flowing in counter-flow. The HE was idealized 

with each baffle section as an unmixed-unmixed 

crossflow heat exchanger. The shell-side fluid at the 

exit of the baffle section was considered to be mixed 

(window region), entering with a corresponding mean 

temperature into the next baffle section. The tube fluid 

was considered to be unmixed over the whole heat 

exchanger [7]. In this paper, the performance of the heat 

exchanger QAD MODEL BDT921 model is improved 

using a control valve system for designed based on a 

mathematical model of the heat exchanger that is 

determined applying dynamics and real parameters. To 

analyze the real responses, and simulated the dynamic 

equation using Matlab software. 
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II. MATHEMATICAL MODELILING  

While flowing through the HE the two operating fluids 

exchange thermal energy through the plant. The temperature 

control system of heat exchanger by the valve in district 

heating is a complex process control system whose properties 

are large heat inertia, slow time varying and so on. The 

system is shown in figure 1. 

By using the energy balance equation [8][9], the energy 

supplied to the exchanger must equal to the energy removed. 

For precise analysis, the heat loss to the environment must be 

determined. To simplify the analysis focus on heat exchanger 

the mathematical model of the system is described as: 

 

�̇�𝑐𝑜(𝑡) =
𝑤𝑐

𝜌𝑐𝑉𝑐

(𝑇𝑐𝑖(𝑡) − 𝑇𝑐𝑜(𝑡)) +
𝑈𝑐𝐴𝑐

𝜌𝑐𝑉𝑐𝐶𝑝𝑐

 

  (𝑇ℎ𝑜(𝑡) − 𝑇𝑐𝑜(𝑡)) … … … … … … . . … … … … … . (1)                                                

 

 

�̇�ℎ𝑜(𝑡) =
𝑤ℎ

𝜌ℎ𝑉ℎ

(𝑇ℎ𝑖(𝑡) − 𝑇ℎ𝑜(𝑡)) +
𝑈ℎ𝐴ℎ

𝜌ℎ𝑉ℎ𝐶𝑝ℎ

 

(𝑇𝑐𝑜(𝑡) − 𝑇ℎ𝑜(𝑡)) … … … … … … … … … … . . … … (2)                                                  

 

Where:  𝑇𝑐𝑖 , 𝑇𝑐𝑜 , 𝑇ℎ𝑖 , 𝑇ℎ𝑜  inlet and outlet cold and hot fluid 

temperature °C,  𝑤𝑐 , 𝑤ℎ   is mass flow rate of cold and hot 

fluid kg/sec,  𝐶𝑝𝑐, 𝐶𝑝ℎ is the heat capacity of cold and hot fluid  

J/kg.°C, ,  𝜌𝑐, 𝜌ℎ   the density of cold and hot fluid kg/cm3  

𝑉𝑐 , 𝑉ℎ: volumes  cm3, 𝐴𝑐, 𝐴ℎ the heat transfer surface area of 

cold and hot fluid cm2,  𝑈𝑐 , 𝑈ℎ the heat transfer coefficient of 

cold and hot fluid 𝑊/cm2𝐶0. 

Equation (2) is nonlinear because the state variable𝑇ℎ𝑜(𝑡) is 

multiplied by the control input 𝑤𝑐  .  This equation can be 

linearized about �̌�ℎ𝑜(𝑡), a specific value of 𝑇ℎ𝑜(𝑡)).so that 

𝑇ℎ𝑖(𝑡) − 𝑇ℎ𝑜(𝑡)  is assumed constant for purposes of 

approximating the nonlinear term, which it will define 

as ∆𝑇ℎ. In order to eliminate the 𝑇𝑐𝑖(𝑡) term in equation (1), 

it is convenient to measure all temperatures in terms of 

deviation in degrees from 𝑇𝑐𝑖(𝑡). 

 

Figure 1. Model of TEMA-E Heat Exchanger System 

 

III.  BLOCK DIAGRAM OF HEAT EXCHANGER 

Figure 2 shows the block diagram of the temperature for the 

heat exchanger system. This consists analysing the model 

form and its characteristics. 

 
Figure 2. Block diagram of the system 

 

A. Description of TEMA-E Heat Exchanger BDT/921: 

The process of TEMA-E is heat exchange between two 

fluids that are at different temperatures and separated by a 

solid wall occurs in many engineering applications. The 

device used to implement this exchange is termed a heat 

exchanger, and specific applications may be found in space 

heating and air-conditioning, power production, waste heat 

recovery, and chemical processing. 

TEMA-E Heat Exchanger QAD MODEL 921 consists of 16 

tubes in a cylindrical shell as shown in Figure 3. Heat is 

transferred between hot fluid flowing through the tubes and 

cold fluid flowing through the cylindrical shell around the 

tubes. Baffles are included inside the shell to increase the 

velocity of the fluid to improve the heat transfer. 

 

Figure  3. Real system TEMA-E Heat Exchanger BDT/921. 
 

B.  Gain for conversion between the temperature to voltage 

is 𝐺𝑇𝑉: 

     𝐺𝑇𝑉 =
𝑜𝑢𝑡𝑝𝑢𝑡 𝑟𝑎𝑛𝑔𝑒 (𝑉𝑜𝑙𝑡𝑎𝑔𝑒−𝑉)

𝑖𝑛𝑝𝑢𝑡 𝑟𝑎𝑛𝑔𝑒 (𝑇𝑒𝑚𝑝𝑒𝑟𝑎𝑡𝑢𝑟𝑒−𝐶𝑜)
=   0.093 𝑉/𝐶𝑜 

C. Gain for conversion between the voltage to current is 

𝐺𝑉𝑖: 

      𝐺𝑉𝑖 =
𝑜𝑢𝑡𝑝𝑢𝑡 𝑟𝑎𝑛𝑔𝑒 (𝑐𝑢𝑟𝑟𝑒𝑛𝑡−𝑚𝐴)

𝑖𝑛𝑝𝑢𝑡 𝑟𝑎𝑛𝑔𝑒 (𝑉𝑜𝑙𝑡𝑎𝑔𝑒−𝑉)
= 4𝑚𝐴/𝑉 

D. Current to Pressure Converter 𝐺𝐼/𝑃: 

Devices used to convert a direct current signal into a 

pneumatic signal for measurement and control equipment. 

Especially suitable as intermediate element between electric 

measuring devices and pneumatic controllers, or between 

electric control devices and pneumatic control valves. The 

current to pressure I/P converter is shown in Figure 4. This 
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system changes the current from 4 mA to 20 mA and having 

the output range of pressure 3-15 psi. 

Gain current to pressure converter is     

𝐺𝐼/𝑃 =
𝑜𝑢𝑡𝑝𝑢𝑡 𝑟𝑎𝑛𝑔𝑒 (𝑝𝑟𝑒𝑠𝑠𝑢𝑟𝑒 − 𝑝𝑠𝑖)

𝑖𝑛𝑝𝑢𝑡 𝑟𝑎𝑛𝑔𝑒 (𝑐𝑢𝑟𝑟𝑒𝑛𝑡 − 𝑚𝐴)
= 0.0527𝑘𝑔/𝑐𝑚2. 𝑚𝐴 

   

 
Figure 4. Current to pressure I/P converter. 

 
From the experiments for calculate temperature of the fluid 

we notes the result for air pressure in the gauge pressure 

kg/cmᶟ and valve position %  is almost similar ,the curve is 

linear from 10% - 90% as shown in the Figure 5.   

 
Figure 5. Pressure rate vs. valve opening. 

 

E. Valve transfer functions 𝐺𝑉𝑇:  

The valve gain depends on the open and close the valve 

control of hot fluid flow rate. From figures (5 and 7) the valve 

opening percentage and effect the pressure on the valve is: 

  𝐺𝑉𝑇 =
1.45

0.037𝑠+1
 

 

 
Figure 6. valve description 

 

Figure 7 shows the valve flow rate based valve opening 

percentage. In this relation the linearity and quadratic 

equations have been derived and simulated. 
 

       
Figure 7. Valve flow rate vs. valve opening percentage. 

 

IV. DYNAMIC OPERATION OF TEMA-E HEAT EXCHANGER 

For the heat exchanger operation of the equipment and flow 

rates (hot and cold fluids) specified by the instructor, 

determine: 

1. The overall efficiency. 

2. The temperature efficiency for the hot and cold fluids. 

3. The overall heat transfer coefficient U.  

The process of heat exchange between two fluids that are at 

different temperatures and separated by a solid wall occurs in 

many engineering applications. The device used to 

implement this exchange is called a heat exchanger, and 

specific applications may be found in space heating and air-

conditioning, power production, waste heat recovery and 

chemical processing [10][11][12].  

A.  Overall Efficiency  

To design or predict the performance of a heat exchanger, it 

is essential to determine the heat lost to the surrounding for 

the analyzed configuration. We can define a parameter to 

quantify the percentage of losses or gains. Such parameter 
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may readily be obtained by applying overall energy balances 

for hot and cold fluids. If Qh is the heat power emitted from 

hot fluid, meanwhile Qc  the heat power absorbed by cold 

fluid (neglecting potential and kinetic energy changes). 

)3)........(()( hohihhhohihh TTCpmhhmQ −=−=
••

 

)4().........()( cocicccocicc TTCpmhhmQ −=−=
••

     
    

 

Where: 

:m,m ch

••

mass flow rate of hot and cold fluid. 

:, hohi hh inlet and outlet enthalpies of hot fluid. 

:, coci hh  inlet and outlet enthalpies of cold fluid. 

:, hohi TT  inlet and outlet temperatures of hot fluid. 

:, coci TT  inlet and outlet temperatures of cold fluid. 

:, pcph CC Specific heats of hot and cold fluid. 

B. Temperature Efficiencies 

A useful measure of the heat exchanger performance is the 

temperature efficiency of each fluid stream. To develop the 

heat exchanger analysis and design, we look at the problem 

of heat transfer from a stream inside a tube to another shall 

stream as shown in Figure 8. Temperature changes in each 

fluid stream is compared with the maximum temperature 

difference between the two fluid streams giving a comparison 

with an exchange of infinite size [13,14]. 

 
Figure 8. Temperature behavior for TEMA-E Heat Exchanger 
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Subscripts h and c stand for hot and cold fluid. 

 

Figure 9 shows the temperature behaviours for TEMA-E Heat 

Exchanger at different valve position percentages (25% - 

45% - 65% - 85%). 

 

 
Figure 9. temperature behavior for TEMA-E Heat Exchanger at 

different valve position. 

 

C. Overall Heat Transfer Coefficient U 

Because the temperature difference between the hot and cold 

fluid streams varies along the length of the heat exchanger it 

is necessary to derive an average temperature difference 

(driving force) from which heat transfer calculations can be 

performed. This average temperature difference is called the 

Logarithmic Mean Temperature Difference (LMTD) tlm  

[15]. 

 

)8.....(....................
)/ln(

 LMTD
oi

oi
lm

TT

TT
t



−
=

                       
Where, 

Ti = Thi-Tci 

To = Tho-Tco 

 

We can define an overall heat transfer coefficient U as:  

lmtFA

Q
U


=

..
 ....................................................(9)  

Where, 

A = Heat transmission area 

F = The correction Factor 

Now we need to analysis the algebraic form of the factor, so 

we begin by defining the heat capacity ratio R  as: 

hohi

cico

toti

siso

TT

TT

TT

TT
R

−

−
=

−

−
=  
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Also we need to define the temperature effectiveness P as 

following: 

hici

hiho

tisi

tito

TT

TT

TT

TT
P

−

−
=

−

−
=  

Now by using F-chart we can find the correction factor F as 

shown in the F-Chart: 
 

 
Figure 10.  F-Chart for calculate the correction factor. 

 

From the 4 cases in Figure 10, the correction factor average is 

0.9702. The overall heat transfer coefficient is calculated 

assuming that is constant along all the heat exchanger and can be 

predicted with convection correlations. heat exchanger selection 

it is convenience to have a methodology in order to estimate the 

overall heat transfer coefficient or the size according to given 

temperature range and flow specifications. Figure 11 shows good 

linearity behaviour of the heat transfer coefficient per valve position 

percentages. 

 

 
Figure 11.  Heat transfer coefficient vs. valve position. 

V.  CONCLUSION 

From the experiment, the results show that flow rate depend 

on the valve opening and that effect on the temperature. 

where the heat transfer coefficient is increased for increased 

the valve opening percentage. The results show that valve 

position control is a suitable control to investigate the heat 

transfer performance of TEMA-E  QAD MODEL BDT921 

heat exchanger.  
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APPENDIX 
 

Figures Appendix Description of the open loop responses for 

the experimental heat exchanger system at different opening 

valve ,this is for describe the flow rate  and effect it about the 

heat transfer efficient of the temperature for the heat 

exchanger system QAD/BDT921.  

 

 
                    

 
 

 
 

 
Figures Appx. temperature response at different rate of valve 

opening 25%,45%,65%.and 85%. 

 


