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Parametric Study on Design Factors for the SCS Heat Exchanger
Using the Taguchi Method
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Abstract

Using Taguchi method, design factors, i.e. control factors of the shutdown cooling
heat exchanger were investigated to qualify the effect for the time elapsed after the
beginning of the system operation. Levels of the control factors were selected from
calculations based on the effectiveness-NTU method. From 18 simulations with the
KDESCENT program, it was found that the performance of the system is greatly
influenced by inlet temperature from the component cooling water at the shell side and
mass flow rate of the reactor coolant at the tube side. The Taguchi method makes it
possible to select the control factor that has to be controlled and designed with caution.
The method gives the effective way to estimate the influence of each control factor to
the system performance.
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Level
Factors
1 2 3
A | Cool down rate( /hr) 41.7 100
B | Tube side temperature ( ) 180 200 220
C | Tube side mass flow rate (kg/s) 2.5 5.0 7.5
D | Shell side temperature ( ) 30 35 40
E | Shell side mass flow rate (kg/s) 5.0 7.5 10.0
F | Overall heat transfer coefficient (W/m? ) 1500 1750 2000
G | Heat transfer area (m?) 10 15 20

Table 1. Control factors and their levels
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RUN T e in My Tt in L U , A2 90 60

( /hr) () (kg/s) () (kg/s) (W/m* ) (m?) (hr) (hr)
1 41.7 180 2.5 30 50 1500 10 7.6 210.0
2 41.7 180 50 35 7.5 1750 15 2.5 86.3
3 41.7 180 7.5 40 10.0 2000 20 2.2 92.7
4 41.7 200 2.5 30 7.5 1750 20 4.2 97.7
5 41.7 200 50 35 10.0 2000 10 3.2 103.7
6 41.7 200 7.5 40 50 1500 15 34 313.7
7 41.7 220 2.5 35 50 2000 15 6.5 296.2
8 41.7 220 50 40 7.5 1500 20 35 259.1
9 41.7 220 7.5 30 10.0 1750 10 3.3 38.0
10 100 180 2.5 40 10.0 1750 15 5.8 473.2
11 100 180 50 30 50 2000 20 1.9 37.0
12 100 180 7.5 35 7.5 1500 10 3.0 146.3
13 100 200 2.5 35 10.0 1500 20 4.5 219.8
14 100 200 50 40 50 1750 10 4.9 434.0
15 100 200 7.5 30 7.5 2000 15 1.5 18.6
16 100 220 2.5 40 7.5 2000 10 8.0 552.1
17 100 220 5.0 30 10.0 1500 15 2.2 35.8
18 100 220 7.5 35 50 1750 20 2.1 64.4

Table 2.
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90 (dB) | 50 (dB)
Factors
1 2 3 1 2 3

Cool down rate -11.5 -10.2 -42.6 -41.7
Tube side temperature -10.5 -10.6 -115 -42.1 -42.5 -41.9
Tube side mass flow rate -15.5 -9.2 -7.9| -485| -40.4| -37.6
Shell side temperature -94 -10.6 -12.6 -34.3 -42.5 -49.8
Shell side mass flow rate -11.7 -104 -10.4 -44.3 -41.7 -40.4
Heat tansfer coefficient -11.4| -11.1| -10.1| -443| -421| -40.1
Heat transfer area -13.2 -10.1 -9.2 -44.9 -41.3 -40.3

Table 3. The analysis of mean
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