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STUDY ON THE THERMAL-FLUID ANALYSIS OF CRYOGENIC CHAMBER
FOR COLD CLIMATE TEST OF LARGE WIND TURBINE PARTS

MK. Kim, Y.H. Kang and W.G. Park’

School of Mechanical Engineering, Pusan National Univ.

More and more, spaces are decreasing which satisfy multiple requirements for wind power plants. However,
areas which have excellent wind resources and are free to civil complaints occupy a large space, although they are
exposed to the cryogenic environment. This study conducted a thermal-fluid analysis of a cryogenic chamber for
testing large wind turbine parts exposed to the cryogenic environment. The position of supply air is placed to the
upper area to compare each cooling performance for each location of various outlets in mixing ventilated conditions.
The study carried out CFD analysis for the chamber both with and without a test object. For the cases without the
test object, the air temperature of the upper supply and down extract type chamber was cooled faster by 5-100%
than the others. However, for the cases with the test object, the object temperature of upper supply and center
extract on the opposite side type chamber was cooled faster by 33-132% than the others. The cooling performance
by the air inside the chamber and the ftest object did not show the same pattern, which implicates the need to
consider the cooling performance by not only the air but also the test object in the large cryogenic chamber design
for testing large parts.

Key Words : %73l %(Thermal-fluid analysis), =13 (Cryogenic Chamber), &'%-17] F-(Wind Turbine Parts),
A& 217(Cold Climate), &58H7](Mixing Ventilation), *§Z43-5(Cooling Performance)
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(d) Upper supply, down extract
on the side

(b) Upper supply, down exhaust
at the opposite side

(e) Upper supply, upper extract
on the side

(c) Upper supply, upper extract
on the opposite side

(f) Upper supply, center extract
on the opposite side

Fig. 1 The location of vent hole for each case
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Fig. 2 Temperature analysis location in the chambers
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Table 1 The material property of test object

Material Steel
Volume(ms) 3.375
Density(kg/m’) 8030
Weight(ton) 27.10125
Specific heat(J/kg-k) 502.48
Thermal conductivity(W/m-k) 16.27

- S(LL3)

Fig. 4 Temperature change measurement location of a test object
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Table 2 The operating and initial conditions

Operating Fluid Air
Operating pressure(atm) 1
Initial temperature of all parts(K) 300
Initial gage pressure of all parts(Pa) 0

Table 3 The boundary conditions

Velocity of inlet 1(m/s) 1.25
Velocity of inlet 2(m/s) 0.36
Gage Pressure of 2156
outlet 1 and outlet 2(Pa) ’
Material of outside wall Polyurethane

Thermal conductivity

of polyurethane(W/m-k) 0.00198
Thickness of outside wall 200 mm
Convective heat transfer c?efficient of 15
outside wall(W/m"-k)
Free stream temperature 300

of outside wall(K)
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The average temperature of the chambers without test objects
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Fig. 5 The change in the average temperature of the cryogenic chambers without a test object
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(d) Upper supply, down extract
on the side

(t;) Upper supply, down exhaust
at the opposite side

(e) Upper supply, upper extract
on the side

(c) Upper supply, upper extract
on the opposite side

(f) Upper supply, center extract
on the opposite side

Fig. 6 A speed profile in the chambers without a test object(m/s)
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Table 4 The temperature inside the chambers after the elapse of a

unit time

Case Time(sec) Temperature( C)
A -17.6
B -11
C -7.4
D 3,600 L5
E -12.1
F -14.9
A -38.7
B -29
C -25.6
D 7,200 29
E -30.6
F -36.6
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The average temperature of test objects
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Fig. 7 The average temperature of a test object inside the chambers
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Fig. 8 Velocity profile inside the chambers with a test object(m/s)
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Table 5 The time the internal temperature of the chambers takes to
reach -40C, the cryogenic generator design temperature
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(b) Upper supply, center extract on the opposite side
without object

(d) Upper supply, center extract on the opposite side
with object

Fig. 9 Streamline comparison of A Case and F Case(m/s)
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Table 6 The temperature of a test object after the elapse of a unit Lo ARy 1 vkgE 2y 249 FRAY u A =
time o1t}
A .
Case Time(hour) Temperature(C) JEEE g8 BE AL 93 ZAL Anle] A
A -30.9
B -8.3
C 45 -25.3 Table 7 The time the temperature of a test object takes to reach
D -19.3 -40°C, the cryogenic generator design temperature
E -27.5
F -34.9 Case Time(hour)
A -36.2 A 138.4
B -20.4 B 241.5
C 90 -31.7 C 186.8
D -27.9 D 205.6
E -33.8 E 164.4
F -39.0 F 104.2
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Note

This paper is a revised version of the paper "Study on the
thermal flow analysis of cryogenic chamber for cold climate test
of large wind turbine parts" presented at the 6th International
Conference on Fluid Mechanics and Heat & Mass Transfer,

Malaysia, 23-25 April 2015.
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