


 

Fig. 1. Graph of the influence of the static twisted tape length variations and 

the effect of variations in hot oil fluid  

Hidayat [10], in his seminar entitled ‘Application of Fuzzy 
Logic to Control PID Parameter Tuning On The Setting 
Temperature Of The Liquid Shell And Tube Heat Excanger’. 
The design of its hardware uses an LM35 as a temperature 
sensor, DC servo motor used to drive the tap (valve), a heating 
(heater) and 300 watt power with an AC voltage source and a 
microcontroller that serves as the center of control and PC, 
reference testing with fixed input as shown in Fig 2 and Fig 3. 

 

Fig. 2. System response time of Fuzzy PID method with fixed reference 

Fuzzy control for tuning PID parameters can produce a 
good control signal so that it can produce a good response too.  

  

Fig. 3. Fuzzy PID output signal control with fixed reference. 

In his research with fuzzy logic control, a PID parameter 
can corresponds to the error system, generate control signals 
and stable response systems, a good sensor results with a value 
of error about 0, 08oC, testing with set points go up or down, 
control signals can follow the settling points. 

Ekasari [5], in his research entitled ‘Controlling Fluid 
Temperature in Heat Exchanger Using Model Of Predictive 
Control (MPC) Algorithm’, concluded that MPC belongs to 
the concept of process controller-based design concept, with 
the controller design results very depending on the validity of 
the approach model used, the most suitable MPC is to use 20 
horizon predictions and 4 horizon controls and steady state 
time requires 70 seconds. 

Control of the linear plant approach with the MPC 
controller can produce a stable response without overshoot 
and according to the set point value of 70oC at a fixed load or 
varying load of about 20% of the nominal load with a steady 
state of 35 seconds. Padhee [7], in his research entitled 
‘Controller Design For Temperature Control Of Heat 
Exchanger System’ the focus of his research was on graphics 
analysis of several controller techniques that will be applied to 
regulate the temperature of the heat exchanger, from the 
simulation it was found that the internal model control has a 
higher performance value than feedback and feedback plus 
feed-forward controller methods, the implementation of using 
the PID controller shows a high degree of overshoot on the 
same setling time. 

 

Fig. 4. Set point and load disturbance response using (a) PID controller (b) 

feedback plus feedforward controller (c) internal controller model. 

B. Basic Theory 
Heat energy is a form of energy that can be moved from 

one system to another system as the result of a difference in 
temperature. On steady flow fluid in a channel where there is 
one inlet and one outlet then the flow rate of a fluid mass that 
enters will equal the mass flow rate of the fluid in or out , or  
min = mout = m. If the liquid does not take the necessary steps 
then the extent of the heat energy that transfered will be 
equivalent to the energy change of the system, At the point 
when the kinetic inactive and potential energies are 
unimportant, which is typically the case, and there is no work 
interaction, the energy balance for such a steady-flow system 
reduces to Fig. 4.  
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Fig. 11. Installing the shell and U tube 

The next step is to do mechanical testing and calculation. 
As in previous studies with the linear form of shell and tube, 
two data will be generated, namely Empirical data and Actual 
data. 

Empirical data, is a mechanical calculation data by 
following the heat transfer step according to the material used. 
Actual data is data generated from the device directed, 
recorded and presented in the form of tables. Empirical data 
calculations, are determined by specifying numbers: 

• The discharge at the water pump is determined by 30 liters 
/ minute 

• The discharge at the oil pump is determined to be 9 liters / 
minute 

• T-cold (inlet water temperature) = 29 °C. 

• T-hot  (inlet oil temperature) = 100 °C 

Actual data is data recorded from sensor output that has 
been installed on the prototype heat exchanger, there are 
sensors and actuators installed are: 

• Temperature sensor for water-in  

• Temperature sensor for water-out 

• Temperature sensor for oil in 

• The temperature sensor for the exit 

• Flow sensor for water-in 

• Flow sensor for oil in 

• DC motor valve to regulate the incoming water faucet 

• DC motor valve to adjust the oil valve in 

The results of the data record process are carried out as in 
Table I and Table II. 

TABLE I.  ACTUAL WATER DATA 

Flowrate 

( L/min ) 

Water 

Passed/mL 

Water-in 

(oC) 

Water- 

out (oC) 

22.35 372 29.33 31.88 

29.79 868 30.79 32.15 

30.55 1377 30.75 32.27 

30.55 1886 30.76 32.79 

30.58 3907 30.76 32.76 

30.76 7492 31.13 35.16 

30.98 8008 30.76 33.30 

30.76 9545 31.71 32.30 

Flowrate 

( L/min ) 

Water 

Passed/mL 

Water-in 

(oC) 

Water- 

out (oC) 

30.76 10057 30.76 32.76 

30.98 12124 30.76 32.76 

31.01 13668 30.27 32.79 

31.19 15738 30.76 31.25 

31.19 17288 29.79 33.20 

31.01 18838 31.23 33.11 

30.98 19354 30.76 31.74 

30.98 20384 30.62 32.48 

30.98 20900 30.27 33.20 

30.98 22447 30.27 32.23 

30.98 23989 29.30 33.32 

30.98 23989 29.30 33.32 

AVARAGE 

30.42  30.50 32.74 

TABLE II.   ACTUAL OIL DATA  

Flowrate  

(L/min) 

Water 

passed (mL) 

Oil-in 

(oC) 
Oil-out (oC) 

7.94 203 100.10 36.62 

8.83 350 99.12 36.62 

8.83 497 94.24 36.13 

9.27 651 97.66 38.09 

9.27 805 94.73 32.23 

9.47 962 93.26 36.62 

9.70 1123 95.21 36.13 

9.70 1284 90.82 37.60 

9.91 1449 94.24 37.11 

10.13 1617 94.73 36.62 

10.10 1785 92.77 38.09 

9.90 1949 92.77 39.55 

10.13 2117 94.24 38.57 

10.11 2285 92.77 39.06 

10.12 2453 97.17 38.57 

10.11 2621 96.19 39.55 

9.90 2785 92.77 40.53 

9.91 2950 98.14 41.50 

9.70 3111 97.17 41.99 

9.70 3272 95.21 41.99 

AVARAGE 

9.64 1713,45 95.17 36.34 

 

Based on Table I and Table II, the prototype of Heat 
Exchanger U-Tube model shows a decrease in oil temperature, 
so, heat transfer is proven to come out of U-tube into the 
incoming water as a cooler. 

The next step is empirical data, namely the calculation of 
mechanical heat transfer data and heat transfer from U-tube 
with copper material.  

VI. CONCLUSION 

Based on the results of testing and discussion of Prototype 
of Heat Exchanger U-Tube Model Shell and Tube Counter 
Flow there are some conclusions can be formulated as follows:  

1. The prototype heat exchanger uses two different materials 
for shell and tube, materials for shell tube using is acrylic 
pipes and for tubes is using copper. 
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2. Based on the result of this project we can solved that the 
temprature drop on oil tube was occured. Which Toil in was 
95.17oC to Toil out was 36.34oC or we can conclude that the 
temprature drop is about 58.83% , Meanwhile, the water 
temprature raising until 2.24% due to heat transfer from 
hot oil to water.  

3. In this paper only taken sample from practical method and 
actual data from the device, for the second method 
(empiracal methode which is the calculation of heat 
transfer using some formula) will be describe and compare 
the result of this reasearch using practical method and 
empirical method  
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