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A Study on the Prediction of Temperature Change
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Abstract : Exhaust manifolds suffer from serious temperature variation during the thermal fatigue test. The spatial
distribution of temperature changes at each moment. Because transient flow can not be simulated during the long period
of temperature change, the simulation can not be performed by conjugate heat transfer analysis. In this study, a new
procedure for transient thermal analysis is established by decoupling fluid-solid analysis. The procedure consists of (1)
transient CFD calculation (2 cycles), (2) mapping heat transfer coefficient to the inner surface of solid mesh as a
boundary condition of heat conduction analysis and (3) transient heat conduction analysis in the long period (30 min).
The realistic temperature change can be predicted by this procedure.
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Nomenclature

h : convection heat transfer coefficient
(W/m’K)

: heat transfer per unit area (W/m’)

: temperature (C)

: heat transfer (W)

 area (m°)

: thermal resistance (m°K/W)

: conduction heat transfer coefficient
(W/mK)
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Subscripts
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cell: in the finite volume element
w : at the wall
in :inlet

o :outer

kK
ﬂ%i(thermal fatigue) & &+
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Fig. 1 An example of durability (thermal fatigue) test code

Table 1 Heat transfer conditions at the boundaries
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Table 2 Boundary conditions of the test cases

Case BAEZ : T(K)/ h(W/m* K)
# Wall In-flange Out-flange
1 298/15 363 /250 g
2 298 /150 363 /250 oy
3 298/15 oo 363 /250
4 800 /fix - -

#1 #2 #3
Fig. 5 Heat transfer coefficients on the fluid-solid boun-
daries(hcoef in W/m’K)
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#3 (conjugate HT)

#7 (present method)

Fig. 6 Temperature distribution obtained by conjugate heat
transfer and present method(temperatures in K)
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Fig. 7 Fluid mesh for heat transfer calculation
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Table 3 Heat transfer conditions at the boundaries

ZAAHE 44 h T(C)

Runner 2! &8 Z‘jiﬂ 20 25

Inlet flange (head 3 & 250 90

Inlet flange (bolt 7 & @) 500 90

Inlet ﬂange (71EhH 20 25

Outlet flange (Z vl A2 %) 15 25

Outlet flange (7] €}) 20 25
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Fig. 16 Temperature evolution during the thermal fatigue
test (B) (symbol: measurement, curve: calculation)

Fig. 14 Temperature evolution during the thermal fatigue
test (A) (symbol: measurement, curve: calculation)
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