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Research on numerical simulation of flow and temperature field and

impact of door opening and closing process in incubator
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Abstract: According to CFD (Fluent), a gas flow and heat transfer
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mathematical model was adopted for the certain process parameters
of a new carbon dioxide incubator. The unsteady numerical simula-
tion of its internal flow, heat transfer in the doorway was done. The
impact of opening and closing door was discussed. The results
showed that: @ The effect of outside air on the internal temperature
after opening the outer door for 5s’ period of time has been small;
@ The affected areas of the temperature in the incubator are from
the doorway to the interior, from the downside to the upside, from
the left wall on the side of the opening position to the right wall on
the side of the open door in 25s” period of opening door; @ After
closing the outer door, the temperature of the areas near the back
wall and the right wall make a good recovery, the temperature of a
certain region near the door is more difficult to restore.
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Figure 1
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Sketch map of the incubator and air motion

inside the incubator
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Figure 2 The measuring points and the cross sections
of the physical model
1.2 HEHER

F T 2R g XU S ) ARG 2 T o i AR 24 10° 1
S AR N LA BR R 23 [0 3t 0 30 o 3= . O fT AR B 5 AR 0 R R
WO KEFRM N TR IR - B2 A P9 35 R A B Al 55 ) i
G s @ BE3R 8 SR g A H] R 48 AR A © A AR
AR 2 P I OTE FF S 3 T T S 48 P A 5 P 85 2 SOt AT U
B, Sty BRI R R K —e BRI R R ™ .
1.3 BREGRMAENE

R FHAE G54 £k T K R 43 46 1 T ks B 29 50 7 9 X AR
AR AR, WLEL 1(h) . PR XU 2 T MRF g 07,
K 7K 75 K 67 Ak B TR 45 25 R RTE AR K 2B AR A T AR

88

MK B R R A AR 5 KR 25 kT R A
4556 AN HVRE TG AE T\ 8 AU B B I BE T

WILR LB He i A R R R E N AREL B T=
295.5 K,P=101 325 Pa,RH=55%,CO, ¥ E H 0.03%,0,
W 2176 HARA T R ARA O YR A BE R AL B5S
LI E N outflow 1 F-, [ 25 BE K/ AR A I B
I ] AR AR T B

TR IR B TAEARZS A 2 B (e TT ) ALBE 1T B 3 4 1
BBy P 2 B RETET R AN TS L BE TR ORE 43 00 A8 Dy B RS
(RS 0. 74 W/(m »- KD A HW (5 MR K
17 W/(m « KO 5505 as 5% A i AR & 15 #4 itont
BARAE A T ORI AR L BE T R O AR AR 4 — R
AR B A R B R D BT R TR B A ) B
AL BE THT I B2 5 T IF % B8 171 )5, B B8 1] RBE 1R 3 SR8 Oy AR AR IH
interior, 5 & X & 4= A SR X .
L4 HHEAHZE

B FA LAERES T HE S BRI 37 °C (310 KD, #1f
KERE 0.5 C s AH X 38 B 95 %0 . 5 il 4 B 4 3% CO, #k i
SY IR £0. 1% O Ve B 2. 5% Bl RS B +0. 5%,
TEAS W RS2 45 R B T3 R O W A TS e L R E S 80A
B TARR A B RA B[R] 90 s,

B PO TR B — 2B WO A TR R
6 N TRLEE I AR Ak T JE XU 455 1k e Bl 455 1 38 SR RE T
Bl FERAEE R TB ROR &, BF T —shflE CR 8 1 s mf
SERD H A AN TTHT IF J5 B ] CBE LA ) 30 ) R /1N 1y — &7
O3 FEITIX — S AE X 4 5 A Y 4 20 ) A B T DL fT AR I 1)
AR EHE LTI UG W 20 90 g R IR T IF B )G
30 s [ARXT L S A R . ARIE AR AR IR E L FE Z BlAb ik
EENINEE R —9.81 m/s, I A ELBPHRIFE M
Al

X T T A [R] A, 5 B0 — > BT, 22 ) IR E 4T 3 OF
P15 B e — B B A A 3 4, PR UG SO 1 25— B 220 1
L 53 A1 R R 0 OGP B AE 25 R LB 55 AE TR BEIE 1T (10 )
X — B Z1 24 A% BN 50 T3 AR 2 80 J7 I, 8K T 11 i B 3 AE
AR/ BRI IR 50 T3 i ks T 4 2 08 38 BT B A BE
2 B R as Rk o b
2.1 BBFITRITHBERNEENT L

FE ORI AR v 8 A W I A5 1 1 257 30 B i e (] A Ak iy &
D 3, I 3 AL R IR LAE 90 s SRR E B Rk B
SKHEE TR R AT IS T BERE 1T & A JF 177 e ] 4k 5 2%
30 s, 55 90 FP Y FFAR T RF 82 5 s ZJa FT R B 1], R &
25 s, 1A BE 3 90°; FF AN 1T )G XUk 457 1k 7% 2l o 457 1k BE T
JNFAE R . K LIRS 5 s JFH AN T L EAMNT 5 s
S5 o XU BB T 6 e 2l K 2 00 B 2% 1 1 BE T I A R RN UE
FIRF TARRE . AT 5 s WA NIRER AR K. RA#
TR R TFEE S TS 25 s 9L TR T M 3
Sy R EE 310 K fe kg % 301 K 245 . gl WA R &
YRR IR A S R . TFTTZ 05 T 1T, 44 IR ok



F32HF1H 3K

USSR AR A AU I 1) BB BT SR 1T A AR Y R

3157

310

T
Temperature/K
18
<3
W

300

295 ! !

L L L L L I
120 160 200 240 280
]
Time/s

(a) 0~300s

B SR A
= E 305) Do, Rk
g £ 0P L &(";‘. &
5 D s, oo, ) EPJ
< 3001 TR T,
,,,47—:;
1
295 ‘ ‘ ‘ ‘ ‘
90 100 110 120 130 140
FJ i)
Time/s

(h) 90~1405s
B 3 R R R ) AL &

Figure 3 The curves of temperature-time
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Figure 4 Temperature field of the cross section Y=0 m after opening the door
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Figure 5 Flow field of the cross section Y=0 m after opening the door
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Figure 7 Temperature field of the cross section Y=0 m after closing the door
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Figure 8 Temperature field of the cross section Z=0. 23 m after closing the door
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