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Monitoring and Analysis of Single Tube 

Temperature Distribution in Heat Exchanger 

Simulator Using TPA 81 Thermopile Array 
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Abstract⎯ The Energy and Environmental Engineering Laboratory had a heat exchanger simulator which was used to 

determine the temperature changes with respect to time due to air velocity. This simulator used tubes which were used to find 

out the temperature change with time. The working principle of this simulator was to monitor changes in temperature on the 

tube that had been preheated and then cooled using a fan contained in the simulator. This study performed temperature 

measurements using a TPA81 thermal array sensor. We chose this sensor because it could measure the temperature without 

touching the object and had 8 pixels for image measurement. This was because the process of reducing the temperature of the 

tube becomes purely caused by the fan and not from the outside environment. The results obtained from this study were 

visualization of temperature distribution using the Thermal Array TPA81 sensor, having a linearity value of 0.034%, a precision 

value of the instrument of 98.1%, an accuracy value of 0.285%, and error value of 0.154 (W/m2K). For the analysis of temperature 

distribution, it was concluded that the value of the temperature did not affect the value h, because the value of h (the coefficient 

of heat transfer convection) is distributed with time. 
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I. INTRODUCTION1 

The Energy and Environmental Conservation engineering 

laboratory has a heat exchanger simulator which is used to 

determine the temperature changes with respect to time due 

to air velocity. This simulator has tubes which were used to 

find out the temperature change with time. The working 

principle of this simulator is to monitor changes in 

temperature on the tubes that has been preheated and then 

cooled using a fan that was already in the simulator. During 

this time, the way to monitor temperature is to manually use 

a conventional temperature meter and need to be in contact 

with tubes (thermocouple, RTD, etc.). This causes the 

temperature reduction process was not purely caused by the 

fan, but also the outside environment because of the way of 

how to insert the sensor by piercing the simulator.  

Therefore in this research, we proposed a monitoring 

system which was expected able to monitor and analyze the 

temperature distribution of the arrangement of tubes without 

pierce thriugh the simulator and also able to obtained 

temperature distribution which will be analyzed using 

temperature changes over time. This system uses a 

thermopile array temperature sensor that used an infrared 

array of 8x1 so that the measurement did not interfere with 

the performance of the heat exchanger simulator. 

TPA81 shown in Figure 1, could detect infrared light 

with a wavelength between 2um-22um (1 micro meter = 

millionth of a meter). These  wavelengths   were  produced  
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by hot objects and only heat radiation detected by the 

sensor, TPA81 could measure temperature without having 

to touch a heat source. As an illustration, TPA81 can detect 

the temperature of a candle flame within a distance of 2 

meters without being affected by room light. 
 
 
 
 
 
 
 
 
 
 

Figure 1. TPA81 Thermopile Array 

One of the most important parts of a heat exchanger was 

the hot contact surface. On this surface heat transfer occurred 

from one substance to another as it was shown in Figure 2. 

The wider the total contact area of the heat exchanger made 

the value of the heat transfer efficiency higher. Under certain 

conditions, there was one additional component that could be 

used to increase the total area of this heat transfer contact 

area. The component was the Telemetering fins. 

 

 

 

 

 

Figure 2. Flow patterns for staggered and in-line types 
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The arrangement of the tube as shown in Figure 3 in the 

tube bank was characterized by: 

1. ST transverse pitch 

2. SL longitudinal pitch, 

3. Diagonal pitch (diagonal pitch) of SD, between the center 

of the tube determined by the equation (1) 

 𝑆𝐷 = √𝑆𝐿
2 + (

𝑆𝑇ℎ

2
)2    (1) 

 

 

 

 

 

 

 

 

 

 

 
Figure 3. Patterns of pipeline arrangement in in-line tubes and staggered 

tube banks 

When a fluid enters the tube bank, the flow area will 

decrease from A1 = STL to an area of AT = (ST - D) L, so 

the flow velocity will increase. Therefore, Reynold's number 

was defined based on the maximum speed that was by the 

equation (2) 

𝑅𝑒𝐷 =
𝜌.𝑉𝑚𝑎𝑥.𝐷

𝜇
=

𝑉𝑚𝑎𝑥.𝐷

𝑣
    (2) 

For in-line arrays, the maximum velocity occurs in the area 

of flow between tubes, mass conservation can be formulated 

by the following equation: 

𝜌𝑉𝐴1 = 𝜌𝑉𝑚𝑎𝑥𝐴𝑇    (3) 

or 

 𝑉𝑆𝑇 = 2𝑉𝑚𝑎𝑥(𝑆𝑇 − 𝐷)    (4) 

 

So that the maximum speed for the arrangement   

In-Line: 

𝑉𝑚𝑎𝑥 =
𝑆𝑇

𝑆𝑇−𝐷
V     (5) 

Staggered: 

if 𝑆𝐷 <
(𝑆𝑇+𝐷)

2
 then 𝑉𝑚𝑎𝑥 =  

𝑆𝑇

2(𝑆𝑇−𝐷)
V 

if 𝑆𝐷 >
(𝑆𝑇+𝐷)

2
  then  𝑉𝑚𝑎𝑥 =

𝑆𝑇

𝑆𝑇−𝐷
V 

 

The average value of the Nusselt number for the flow 

regarding the zukauskas tube banks form a correlation that 

has a general equation: 

𝑁𝑢𝐷 =
ℎ.𝐷

𝑘
= 𝐶. 𝑅𝑒𝐷

𝑚 . 𝑃𝑟𝑛(
𝑃𝑟

𝑃𝑟𝑠
)0.25  (6) 

 

Where the value of C, m, and n constant, depending on the 

size of Reynold. The correlation can be found in Table 1 

for 0.7<Pr<500 and 0<ReD< 2.106 

 
 

 

 

 

 

 

 

 

TABLE 1. 

NUSSELT NUMBER CORRELATION FOR CROSS FLOW OVER 

TUBE BANK FOR N>16 and 0.7<Pr<500 

 

 

The average Nusselt number in Table 1 above was used on 

tube banks with 16 or more rows. If the number of NL series 

was below 16, then the equation above could be used 

corrected by the use of F factors 

 

𝑁𝑢𝐷,𝑁𝐿
= 𝐹 𝑁𝑢𝐷    (7) 

 

Where the F factor was a correction factor whose value can 

be taken from Table 2.4. > 1000, the correction factor did not 

depend on the Reynold number value. 

 
TABLE 2. 

CORRECTION FACTOR F TO BE USED 𝑁𝑢𝐷,𝑁𝐿
= 𝐹 𝑁𝑢𝐷  for NL <16 

and ReD >1000 

 

 
This research focused in finding the thermal coefficient 

through contactless measurement which was very helpful to 

isolate the environmental noise that could occurred because 

of the contacted sensor and measurement object. 

II. METHODOLOGY 

This research was carried out based on systematic steps as 

shown in the flow chart Figure 4. 

 
 

Figure 4. Flowchart and methodology 

In the hardware and software designer in this study there 

were several stages, namely the manufacture of a series of 

thermal array sensors (TPA81), then go into making a 

microcontroller program for processing data on the sensor 
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that will bring up the h value (convection heat transfer 

coefficient) and the measured temperature value. In the 

design of this temperature monitoring system there was a 

block diagram. Figure 5 below showed the system’s block 

diagram for this research. 

 

 

 

 
 

Figure 5. System Block Diagram 

 

The block diagram explained the system flow. Starting 

from the input (measured temperature), Thermal Array 

Sensor (Sensor), Microcontroller (signal conditioning and 

processing element), Heat Exchanger (Plant) Simulator. 

The hardware design was carried out to design prototypes 

of the plant to suit real conditions, as well as design systems 

that will later work as sensors, controls, actuators, or 

supporting components of the system or plant. 

 
 

Figure 6. The design of the system 
 

In this design the sensor used to measure temperature was 

a thermal array sensor (TPA81), then the tube used has a 

diameter of 1 cm or 0.01 m, and the tube would be cooled 

using a fan with a flow velocity of 3 m/s within a temperature 

around the tube at 32°C. 

 

 
 

Figure 7. TPA81 Module Series 

 

After designing and manufacturing hardware, it was 

necessary to design software that consists of several stages. 

The first stage was the software design of the controller 

program so that the sensor readings could read or sense, then 

calculated the value of h, and displayed it on the monitor. 

The following flowchart was an explanation of the program 

used. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 8. Flowchart for program 

 

 
 

Figure 9. HMI temperature interface design 

 

III. RESULTS AND DISCUSSION 

A. Sensor Static Characteristics 

TPA81 sensor testing was carried out in a temperature 

range of 30℃ − 90℃ with water media. For each increment, 

5 times the sensor readings were taken. The standard tool 

used for comparison was a standard thermometer. The 

following data was obtained from testing the tool. 
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TABLE 3. 

TPA81 TEST DATA 

 
From Table 3, it produced a comparison chart of the TPA81 

sensor readings with the following standards: 

 

 
Figure 10. Linearity Graph 

 

 
Figure 11. Comparison graph of TPA81 with Standard sensors 

 

From Figure 10 above, it was shown that the reading of the 

instrument was approaching the standard measurement. 

However, there were a number of points where there were 

still errors. Here were the results of the calculation of the 

TPA81 sensor's static characteristic values: 

Sensitivity  =
𝛥𝑂

𝛥𝐼
=

90.6− 31 

90−30
= 0,993   (8) 

Linearity 

�̂� =
[𝑶−𝑲𝑰+𝒂]𝒎𝒂𝒙

𝟎𝒎𝒂𝒙−𝑶𝒎𝒊𝒏
𝟏𝟎𝟎%    (9) 

Where: 

K (sensitivity) = 0,993 

a (zero bias) = Omin – KImin   (10) 

a = 31 – (0,993)(30) 

a = 1,21 

So that the linearity of 0.034% was obtained. In this linear 

function the line shows a slight difference between the actual 

or actual reading and the ideal straight line. 

 

Precision 

𝑷 = 𝟏 − │
𝒀𝒏−𝑿𝒏

𝒀𝒏
│𝒙 𝟏𝟎𝟎%   (11) 

With Yn is standard reading, Xn is tool reading 

𝑃 = 1 − │0,019│𝑥 100% = 98,1%  (12) 

 

 

B. TPA81 sensor validation  

In this research, sensor validation was done by comparing 

the calculation of the value of h calculated using a tool 

designed and manual calculations. So that the results 

obtained as in Table 4. 

 
TABLE 4. 

COMPARISON FOR CALCULATING H-COEFFICIENT 

 
 

So, based on the data in Table 4 the accuracy of the 

calculation was 0.285% and the calculation error made by 

the tool was 0.154 (W/m2K), so the calculation done by the 

tool was quite in accordance with the Analysis of 

Temperature Distribution in Tubes theory. 

The sensor test was read out for 10 minutes with a 60 

second time sampling. TPA81 sensor reading data along with 

the results of the calculation of the value of h can be seen in 

Table 4 and with equation (13) we obtained the data 

calculation for the value of q can be seen in Table 5. 

 

𝑞 = ℎ∆𝑇                                                    (13) 
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TABLE 5.  

CALCULATION OF Q VALUES 

 

Figure 12 below was a graph of the sensor readings along 

with the results of the calculation of the value of h at each 

point and a graph of the value of q at each known point value 

of h, in Figure 12 and Figure 13. 

 

Figure 12. Graph of TPA81 sensor reading 

Based on Figure 12 above, the sensor was tested when the 

tube was cooling. Temperature monitoring measurement was 

carried out to determine the temperature of a single-tube, 

then calculation the value of h (convection heat transfer 

coefficient) was conducted, it was seen from Figure 12, the 

value of the temperature did not affect the magnitude or 

smallness of the h value (convection heat transfer 

coefficient). So, the calculations carried out by the tool in 

accordance with existing theories. 

 

 
Figure 13. Graph of q/A values 

 

Based on Figure 13 above the temperature monitoring 

system was also carried out to find out the value of q 

produced when it has gotten the h value at each temperature 

point. it can be concluded that the higher the temperature the 

greater the value of the heat transfer rate, even though the 

magnitude or smallness of the value of h at each temperature 

point is different. 

IV. CONCLUSION 

Based on the results of testing, measuring, and analyzing 

temperature distribution on the arrangement of tubes in the 

heat exchanger simulator plant, it could be concluded that: 

a. Visualization of temperature distribution or 

temperature monitoring system has been made using 

Thermal Array TPA81 sensor, where the TPA81 

sensnor has a linearity value of 0.034%, then a 

precision value based on comparison of sensor readings 

with the standard of 98.1% has been obtained, then the 

accuracy and error values from the calculation of h 

value by tools with the existing theory that is equal to 

0.285% and 0.154 W/m2.K. 

b. Analysis of temperature distribution in one tube shows 

that the temperature value does not affect the size and 

size of the h value (convection heat transfer 

coefficient), because the h value (convection heat 

transfer coefficient) is distributed with time. 
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