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Numerical Model

[ 7501 Exp. Sim. gw (kW/m?)
> 70_ —— 3 Mpa -o. 348.20 -
; 60 - 4Mpa 700[ a® .-
3: _____ T A === . ’/” [ ]
S 50 6501 ee®’
Z S
< 40 ¥ 600
S i 2 L
&
= 301 550(" ~
¥ -
O 20 e AA
s T S00r; -~ ‘A—*A’A’Ai‘A as
= 10 S 4. A0
= | L | L | L t T E— 1 1 450 AT
1 ] 1 ] 1 ] 1 ] 1
400 500 600 700 800 900 1000 0 200 400 600 300 1000
T/K x (mm)
Fig. 1. Thermophysical properties of China RP-3  Fig. 2. Comparison between numerical results
aviation kerosene and experimental data
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Fig. 3. Schematic of the computational configuration
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Heat Transfer Deteriorations

1. Three types of heat transfer
deteriorations were observed in the
downward supercritical flow.
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effect in the near-wall region are the
main reasons for the second type of
deterioration.
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Heat Transfer Deteriorations
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Fig. 5. Effects of gravity, mass flux, wall heat flux, inlet temperature, and inlet pressure on HTC
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Comparisons with empirical correlations

300
F --2-- Simulation .
250F ---- Huangetal s
[ —--- Stiegemeier et al. " 7
200F _ - [:eral i 280 +30 %,
S ’
240 R
o 4000
200 oY e
T@ "a./’. P rd <
. O -
3 a
0 1 P | N L. 1 P | P | 3|16O &/{A ///_ 30%
0 50 100 150 200 250 300 2120 ) 7
/ -
(a) 3 Mpa”? A - |
=~ ®" Huangeta
80 -7 udng ctal
160F --e-- Elimulationl y, 2 "‘.f * Stiegemeier et al.
140F ~ ~~ - Huangetal ¥R .
120' -~ ~ - Stiegemeier et al. ﬁéz“n 40 /// -". 4 Li et al.
L ———- Lietal L O //n | 1 | 1 | 1 | 1 | 1 | 1 |
100
2 ool 40 80 120 160 200 240 280
Nu_ sim

50 100 150 200 250 300

(b)5Mpa

Zhejiang University, China

Fig. 6. Comparison of Nu between simulation
and empirical correlations




Conclusions

1. The mass flow rate has no effect on the end of Deterioration near the
inlet, while a higher mass flow rate delays the onsets of Deterioration |
and Deterioration

2. The onsets of Deterioration | and Deterioration Il are delayed along
the tube axial direction under lower qw, while the deterioration is more
pronounced at a higher wall heat flux.

3. The inlet temperature only affects the starting point of the heat
transfer process.

4. The effect of P on Deterioration near the inlet is negligible.
Deterioration | and Deterioration Il are not observed for the cases with
P higher than 3 MPa because of the more moderate variations of
properties of kerosene under higher pressures.
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