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ABSTRACT

Taking the shell-and-tube heat exchanger as the research object, based on the conservation of energy, the dynamic 
mathematical model of the heat exchanger is established through the mechanism analysis method. Using 
configuration software to draw the simulation interface, the differential mathematical model is programmed. The 
dynamic response of the outlet temperature of the heat exchanger cold fluid is simulated during the flowrate and 
temperature of hot fluid change. By using the simulation program, the running parameters can be modified and 
adjusted in real time, and the on-line simulation of heat exchanger process is realized.  
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1. INTRODUCTION

Heat exchanger is a commonly used device for heat exchange between 
different media, and it is one of the common operating units in continuous 
production. Its research and application are paid great attention at home 
and abroad, and it is one of the most active research fields in heat transfer 
technology [1-4]. Since there are various unstable factors in the heat 
exchange process, the disturbance of temperature or flowrate occurs 
frequently, which is very unfavorable to the stable operation of the heat 
exchanger. In order to ensure the stable operation of the heat exchanger, 
the heat exchanger must be effectively controlled. Therefore, the dynamic 
simulation of the heat exchanger has a certain engineering significance [5-
7]. 

2. HEAT EXCHANGER MODELING

The shell-and-tube heat exchanger is taken as the research object shown 
in Figure 1. Some conditions are assumed as follows [8]. 
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Figure 1: Configuration of shell-and-tube heat exchanger 

The two fluids in the heat exchanger are incompressible fluids, called hot 
fluid and cold fluid respectively. The cold fluid is expressed as c, while hot 
fluid as h. The mass flowrate is expressed as W, kg/s, Wc for cold fluid and 
Wh for hot fluid(the following is the same); The constant pressure specific 
heat is Cp, J/(kg·K); The density is ρ, kg/m3; The inlet and outlet 
temperatures are Tin and Tout, K; The fluid temperature at any position in 
the heat exchanger is T, K; The cross-sectional areas of heat exchanger 
tube side and shell side are Ac and Ah, m2; The tube length of the heat 

exchanger is x, m; The total heat transfer coefficient of the heat exchanger 
is U, W/(㎡·k). The heat exchanger adopts countercurrent heat transfer. In 
addition, we assume:      
(1) The specific heat capacity of the heat exchanger is negligible.
(2) The heat emitted to the surroundings during heat transfer can be 
ignored. 
In the dynamic process of heat exchange, the heat balance equation can be
expressed as [9,10]: 
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An analysis is made on micro segment of the heat exchanger, as shown in 
Figure. 2. When the temperature and flowrate of the heat exchanger are 
disturbed, the temperature distribution function of the cold fluid at any 
given time is obtained. That's the dynamic response of temperature and 
time. 
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Figure 2: The temperature distribution of the micro segment dx 

Analysis on the dx of the heat exchanger micro segment, the heat balance 
is calculated according to the dynamic heat balance equation, then the 
dynamic expression of the heat exchanger is: 
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Because hcpctcC WWCdxA 、、、、、、  can be regarded as a

constant, the formula (2) can be simplified as: 
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Figure 3: Simulation software interface 
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The formula (3) is the function relation of the fluid temperature Tc in the 
tube with the time and tube length. Because the formula contains the shell 
fluid temperature Th, Th also changes with time and length, therefore, a 
mathematical model of fluid temperature Th for shell and tube is also 
needed. The mathematical model of shell fluid temperature can be 
obtained by using the same method： 
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Formula (3) and formula (4) constitute the dynamic mathematical model 
of heat exchanger. 

3. SOLUTION AND SIMULATION OF THE DYNAMIC MODEL OF HEAT 

EXCHANGER 

3.1 Solution of dynamic model 

The dynamic mathematical model of the heat exchanger is a partial 
differential equation, so the forward difference method is used to 
transform the partial differential equation into a difference equation. 
So for the fluid in the pipe: 
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In the same way, so for the fluid in the shell: 
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The difference equations can be obtained: 
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3.2 System parameters and simulation 

Using the configuration software to draw the simulation operation 
interface, which includes three parts: real-time curves, parameters setting 
and state parameters display. The part of state parameters displays the 
process parameters such as the real-time temperature of the inlet and 
outlet of the heat exchanger, while the temperatures of the inlet and outlet 
are also displayed in the X-Y curves. The part of parameters setting 
displays the parameters of heat exchanger system in digital mode, and the 
system parameters such as the flow, density, specific heat and area can be 
modified in real time. 

Hot water and cold water are selected as the hot fluid in shell side and cold 
fluid in tube side respectively. The temperature, density and constant 
pressure specific heat of cold fluid in tube side are 273.15K, 1000Kg/m3 
and 4.2 KJ/Kg respectively; and for hot fluid in shell side are 373.15K, 
1000Kg/m3 and 4.2 KJ/Kg respectively. 

In the absence of disturbance, the flowrates of both the hot fluid and the 
cold fluid are 100kg/s. At the same time, set 100kg/s as unit flowrate. 
Keeping the temperature of hot fluid unchanged, the inlet flowrate of the 
hot fluid generates a step disturbance when the steady state is not reached. 
When the outlet temperature of the cold fluid reaches a steady state, the 
dynamic response of the cold fluid temperature of the heat exchanger is 
shown in Figure 4. 

Figure 4: Before the hot exchanger reached steady state Temperature 

dynamic response of 

step cold fluid when hot fluid flowrate has a step disturbance 

①—1.2 times unit flowrate; ②—1.1 times unit flowrate; ③—unit

flowrate; ④—0.9 times unit flowrate; ⑤—0.8 times unit flowrate 

Keeping the hot fluid temperature unchanged, the hot fluid inlet flowrate 
has a step disturbance after reaching steady state. When the outlet 
temperature of the cold fluid reaches a new stable state, the dynamic 
response of the cold fluid temperature of the heat exchanger is shown in 
Figure 5. 

Figure 5: After hot exchenger reached steady state Dynamic response of 

cold fluid temperature when hot fluid flowrate has a step disturbance

①—1.2 times unit flowrate；②—1.1 times unit flowrate；③—

unit flowrate；④—0.9 times unit flowrate；⑤—0.8 times unit

flowrate 

From Figure 4 and Figure 5 it can be seen that the dynamic response of the 
cold fluid outlet temperature under different perturbations of the inlet 
flowrate of the hot fluid is approximately symmetrical. At the same time, 
the cold fluid temperature increases with the increase of the inlet flowrate 
of the hot fluid. 

Keeping the flowrate of the hot fluid constant, the inlet temperature of the 
hot fluid generates a step disturbance after reaching the stable state. When 
the outlet temperature of the cold fluid reaches a new stable state, the 
dynamic response of the cold fluid temperature of the heat exchanger is 
shown in Figure 6. 
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(a) Increased thermal fluid 

temperature  

Figure 6: After hot exchanger reached steady state Dynamic response of 

cold fluid temperature when hot fluid temperature has a step 

disturbance

From Figure. 6 we know that the temperature of the hot fluid is the main 
factor affecting the temperature of the cold fluid, and the temperature of 
the cold fluid varies with the temperature of the hot fluid. 

4. CONCLUSION

Through the mechanism analysis, the mathematical model of the 
temperature and control variables of the fluid outlet in the heat exchanger 
tube is established. The simulation program of the fluid outlet 
temperature, the outlet temperatures of shell and tube and the simulation 
interface based on configuration software are compiled respectively. The 
simulation program can modify and adjust the operating parameters of the 
system in real time, so as to realize the dynamic on-line simulation of the 
heat exchanger. The simulation process is basically consistent with the 
control process of the actual plant. The simulation curve and simulation 
data have a high reference value for the study of the heat exchange system. 
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