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Simulation Research on Air Distribution and Comfortableness in Central Control Room of Ssubmarine
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2.School of Energy and Power Engineering, Huazhong University of Science & Technology, Wuhan, 430074 )

[ Abstract] Because of submarine working environment, Air-conditioning and ventilation system couldn’t exchange gas of
enclosed space in submarine with outside. For the features of staff-intensive and much waste heat from equipments accumulates in
the internal air, air environment becomes worse. Having a more effective control of air environment of submarine and providing a
comfortable living environment for the crew is an important performance index of submarine. In view of this, computational fluid
dynamics will be used in this paper to simulate calculation of air distribution in the cabin of above and below the surface. The result
will be visualized, and wind speed, temperature, CO, concentration and PMV value of representative section will be analyzed. The
analysis results indicated that, in the condition of air supply method in this paper(underwater state), temperature of most area is
around 25 centigrade, the wind speed is around 0.3 m/s except air supply grille. The CO, concentration was at a relatively low level
and PMV value was from -1 to 1. Compared with underwater state, the average temperature of cabin in waterborne state was higher,
the CO, concentration was smaller. However, related indicators satisfied design requirements and the crew felt more comfortable.
The research result may be helpful for air distribution design in the central control room.
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Fig.1 Simplified model of central control room
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Table 1 The Verification result of grid independence

W H R/ (m-s1) BT
200 0.263 23.84
300 0.292 23.83
400 0.243 25.20
500 0.242 25.28
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Fig.2 Mesh generation of model for central control room
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Table 2 The inner surface temperature at top of room
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Table 3 The total thermal load of room
R B AT W/h
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Table S Design parameters
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Fig.3 Typical section distribution diagram of
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Fig.5 The temperature distribution of cloud on surface
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ANFBIH PMV 7346 2 E & 6 s . A 1
IR, M= R X PMV EAE 0 2247 50,
WE R 7 X3k PMV B K91, BE] s Ak IR K i
FEBARTE A AR T N SUE BN X i, Bl 2 =
BloR, EAN/NRE AL, X HHEEIE 74t
PMV fE . B 3 = BER, fEADEEEAL,
BRI KR J7 X3 PMV E KA, Mg E PMV
fEAE 0 EABE), PMV AEBARIX HOYIET/EAN &R



534 55 3 W P,

7

frey

ST

T E AR iR = R AL Uy 3 L RF i
*395-

TEBNIX 38 A 4 = B R, £ TAEN G 07 XK,
BRI IE R J5 4k PMV B, HAR R X 45k
PMV {E7E 0 /ifq e

AR CO, A = B 7 Birzs . Bk 1
ZEEIR, BN EIFIR AL CO, IR FiAh, BA
B = CO, IREAE 0.04%~0.05% 2 [f], KGHEE KX
1 COL IR FE A% . FHARTH 2 =B EoR, 75 BRES &
FERL, A COL IKFELE 0.04%~0.05%IA],
By ¥ Mk 3 = EEs, £ 5
FEAL S B 11 BRI Ab R AR X384, CO, IR B
HAXIR CO, IR ELE 0.04%~0.05%2 7], H A5
BN E) . A 4 = BBoR, (£ R s AL,
KA X IRAE 0.04%~0.05%2 1], #4345 H B
IR CO, Mk X, &2 #TH M AT TR I, I
SRR AR 1 bSO B R B S
W CO, TR X Ik

(a) &I 1 CO, i

wn

(b) I 2 CO, 41 = &

(¢) B 3 CO, /i = Bl

(d) i 4 CO, iz
E7 KEIRCO,BHEE

Fig.7 The CO, distribution of cloud on surface
KBt T

TEREZK N LHU , A6 5 T 37 40 A 2 &
I B &L 8 BT o 12 LN AN [R] i L A8 I i = B2
Y53 A G RE/K b U AR 3 B 3 2 A AH B e
R DXIRIE FE ) 73 AT 5], R, W
FRBETH R G328 IR Je] ] A 3 R b KGR A
FoAth 04y XS XGR7E 0.1 ~0.4mys, H AN

4.2

<

(c) #IH 3 EI 704 = ]



£ 396 - v 57 2020

F
() AU 3 W1 = &
(d) #ui 4 2 A K
B8 KTIREEADHEE (d) #IH 4 G
Fig.8 The velocity distribution of cloud at B9 KTLREEADHZE
underwater state Fig.9 The temperature distribution of cloud at
TEREK N TOLNS, A8 258 E 35 0 A = B & A underwater state
3B 9 iR o KN LHURK B TR EUE FAH VEREK T TOLR, = PMV 430 2 B &8

A, MR EEOURL MK BT, KT 2Bl 10 frose KR TOURK BT A i il
THBOK ETOUE TR AR, HOK T TOURARER AL, BRI XA RO BRI A/ X sk, B =
R AR, M= EEMZE 2°C, ER=ETREIL PMVEETE O L4, HamHs, wasrEtt
PR, BRI AT RO 5] HAF i . K.

o

Ghloanw 3

(a) I 1RSI = &

(a) #&ifi 1 PMV 2 fi =K

%
=
Bl . — - o A
@ hers

'@
- iR

o n
=Tk T e
7| _
£l Vo \

bhtoame B

>

(b) #iH 2 IR =
(b) #TH 2 PMV 2340 = &

{
H

i F s " vy
"l AT
g L =

SEBRRERRENERELY




$34EHE 3
Fi

B, 5. RSN = R AL B AT E TR

°397-

» —.
2 )
<

| "EEEEN |
b hoane B

. ..
3
e

(¢) #f 3 PMV i = B

| "EEEEN |
bibhoane 3

(d) I 4 PMV 5341 2 ]
B 10 KTIMRPMV SHEE
Fig.10 The PMYV distribution of cloud at

underwater state
TEREK T THLRT, = CO, 4341 2 BT 43
S 11 fros e KR UMK b T o5 A A
Bl B AR N D3 1 S IR A/ N X R N BRI 75 e
TREERGHER CO X, A= PMV {H
HPTE 0.04%~0.05% 18], 4345150

(b) #[fi 2 CO, 41 =

(d) #H 4 CO, /i ]
B 11 KTIRCO,NHEE
Fig.11 The CO; distribution of cloud at underwater state

5 g

AL FR LT A R KA SR AR AR =
AR IEUE RIS A, FEATBUE R . i
o WL R T R . R PMV 4845 K CO;,
W 0T, S5 3RM, oK Bl 2/K TR
B, MR A X IR 37 o A BN 5, TR
%, /NF 0.5my/s, WEAEEBITHEDR . BAAH X
B 2 A, AR TR N B1iE B X BA B BN
TAEN TGS EK BRI TR, i
Iy XSRS A AR 5, IREZ N 24~26°C;
KR TOLAK b ih T 3% 47 J2 15 Bl A
L, feE B ROK R T 2°C, IBE T
XK b OB AAH [F], 7K BRI T R
43 X3 PMV {ETE 0 /247, CO, IETE 0.04% ~
0.05% 18], $5353Au¥ss), Yopi e R 1 25 YA AR o
BT, WA T A R RS E
& B o

SEHL:
(1] BXE, 2000, J A S VE E JB =E  JA08 IX A 3
B AR Ak (77 B AT 7,2018,13(S1):189-198.



*398 -

2020

(2]

FRE IR, T, RIEE, S5 A KSR A T T oL
WS SR IR AL 0] 4174 5 7 1,2016,16(12):26-30.
Li YANG, Miao Ye, Bao Jiehe. CFD simulation
research on residential indoor air quality[J] Science of
The Total Environment, 2014,472:1137-1144.

TR ES, FH . v R 2 )3 PR T v X AU 2 4 R i 1k
BB FE[0] VA 5 25 1,2014,14(12):73-79.

R ST B4R A T A AR S B X 8 4L AT

6 [D]. P& IR e /R TR ,2016.

T, AR B, S AR SR A SR AT & MR
ST, AR 7T,2018,13(4):93-98.

JE 5 B, 4% 5, T B AR AR AR 2595 e A S 533 FE ).
AL RHA R AR, 2014,36(1):10-15.

ASHRAE. 2001 ASHRAE Fundamentals Handbook[M].

$ 3 %

Thermal comfort, 2001.



534 55 3 W B, 5. RSN = R AL B AT E TR
A * 399 -

(Hl A5 =2H) &4

1 CHIA ) QT 1985 4, & H VU )145 il ¥4 5 2 R R 20l RS BE A £ E R AMA T RAT IR T, B A S
—TI5 CN51-1622/TB, [EBrFrETIS ISSN 1671 —6612, FEFEHIA 5 AT M EF R RE . 2RI, NHFHE
RHTLE. H70, R BTSSR SAME . 2007 EXNEDEREXSGIHERT (hERBROERT)), 2003
FENE oSO OIAT GEG) Bedls PEAT L [T 4 SO PR A SO B b 2 AR AT SR G RN B G
TR,
2 AT IR A = P T RS 3 R S B SRR AR L B S S K . TEIX — PR S 1R R Y3
KB AN BB SO R, AT R SRR .
3AEEARN — R E B AN A RO R R 8 B AT N 1 & PO PR RS, IS TERR R B AR A
ARy A
4 CRRBEEER
4.1 B"HEARE

Rk () 4% (—RREIR 20 ANFLL) o (EH k4 (EH B0 ORI (300 70 47) « SRHEA (3~8 AN . RIS . SCBRERIND,
XS (HARITIES) . SO0 (BRI, (EH A DGESS . (EFA0, SOOI . 530, %30, %480 ESFN (B
e MR, HUEAE R, SEFEIRG, W4, Hhil, IR AT, E-nail) .
4.2 HERREER

TUARE: b 2.7, F 2.4, /2.1, 4 2. 1. 4y B2 RBR. FARZSRIT. BH: 302 5B, 9305 ShE (Times New Roman) o 1EF 244 :
HI3C 4 B4, 3305 5 (Times New Roman) . TAESAr: fH3/h 4 48K, B30/ 5 5 (Times New Roman) o 4%, S, Z%3CHkM 2 H3CH
N5 SRR/ 5 5 (Times New Roman) o FPHE3C & Setbim M 70 5 8. 1E30:5 SaAk.
4.3 ETHRS

SO PR AR F TR S 4 3 )T, B TR R, BRAE SRS N O TG, BIBI S 9% 5 8 0. —SARAE o MDY B4k, TBUn 0, 1,2, 3, -
R SRR TS AR, T 11, L2, R SRR S AR, B 111 112, - HE T
4.4 BRREAR

B4 30 5 Sk, 33009/ 5 5N (Times New Roman) ; UM —H A =43 OR B4k, M IURBITREL . R LA HL) . B
RAFRATAEAS, LAREE B R R 5 5 ARBHBURFRM S : (D ()1 (3) - BRAFRB A HC R
4.5 YIEEMITE RN

SCRIESC (Fr L. ) o Ry O -k B4 037 57 44 o L e o
4.6 E&RAME—EE-N

NGB SR, BT TR . A% eVl 4. . HAER . TR R ITERA
4.7 BEH

SR IE SR MBS G R AR T 30E, R ELL “SH30R7 EHHHE R, 25300 F 52T, JEH i s %R, m
(1], [2], =, PASEXHMIERFSHR 5. 25 0RE HINRISIL “. 7 Sl 8ESH M H NG R SR e T

a SN  [FS] FESEH. SOREL ], FA, RERER, BB RIETL.  b.EF  [F5] EEFEH. TR

AL M. R O, HRAE: RIETUR. o ibscE UFS] REIMEH. SOREALC). B WSCEA. W W, R R
IETURS. d. Ak (B9 EETES. SORA D). (REH: ERh, E6. e MY [FS]  EEFREH. CRBAR]. Wi
WS EARR, £6H. £ BRI FS) LAFAH. SRELP). LMEMN: SRS, RAHM. ¢ Ebk. BRbfE F5] R
RS, WRAELFRIS]. hiRh: iR, M. h. MEXHE  [F5] EEFES. SORELIN . W84S, BRI RK) . i BT

UF5] ETIEH. 7O SO/ AR . o 7SO It AR T SR, R R SR F0/5U 0 (k)



