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On heat transfer performance of mine air cooler under
high temperature and high humidity environment

ZHANG Xinyue, ZHANG Dengchun, HAN Qiaoyun, CHEN Yazhou

(School of Energy and Safety Engineering, Hunan University of Science and Technology, Xiangtan 411201, China)

Abstract: To study the working efficiency of the mine air cooler under no —load condition, the experiment
is carried out to simulate the mine air cooler’ s performance under a certain condition, and the working efficiency
is calculated. The modeling of the air cooler is simplified with the software GAMBIT, and numerically simulated
by the software Fluent. Changing the inlet air’ s temperature and velocity, the outlet air’ s temperature and the
efficiency of the air cooler are calculated under different working condition. Results show that with the increasing
of the inlet air’ s temperature, the outlet air’ s temperature is increased correspondingly, and the outlet air’ s
temperature gradient is less than the inlet temperature gradient, which makes the air cooler’ s efficiency
increased obviously; When the inlet air’ s temperature is constant, the increasing of the air speed causes the
outlet air’ s temperature to increase slightly, thus the air cooler’s efficiency reduces slightly.

Key words: mine cooling; mine air cooler; numerical simulation; heat transfer efficiency

Bl 200 A DR 2 J I R Rk S, 0 T R R RS TR, B TR T SR B 2R
B 120 U A B SR 22 A £ 77 B S — TR . VSIS AT A P LA e L v N A A AR
TP 2 /S T BRI e 30 °C AHXHREAE 90% ~ 100% . Ry i i SR B AN (HL 5 |k A 5 35 3R P 7 AR A, T
ELAEH TRl GAREE TR, 57 il 8 3 o SRR 22 4t 72 R I, B i e 1 2R
Goxh TR 1% AR 7 HoA TS L
W%&fﬁﬁﬂﬁ#ﬁﬂu%%ﬂﬁ*lﬁﬁ%ﬁ,,\ PERE IO I 5 I L R R R A T 0 0 5
TARPEREXT A RS RE RAGE BT RS T T MAEM. R E F5 0 R Fluent #: x5 B - 45 4%

W im B EA:2015 -04 - 20
ELWA : [{RK A RPEE SRR H (51134005 ;51274098 )
BEEE KGR (1972 ) 5 WIRARBH T, Bz, 0F 5807 180 - LS ASRITEAZ . E - mail: dezhang2000@ 126. com



H1H SRHTA 55 GO PRI T 07 2508 Al A RE 77

P T N AR S TR S AT 1 RCEARE L, 7 2 T AR 2 R S5 R R O Fanning B3 250 1952
U] 3 PR A5 S R 3 Vo 7 P9 AN I 0 B P WA R I A T 1 SRS, 5 W i 25 308 3 5 10/, A3
G347 VY RSB I 390 303 25 30 XS (38, 9 A BEL 0 .3 R s SR 45 Bl 1 XL Ok
25 Ve A OB IR, 15 0 FH 25 e A AU R AIOR 5 75 30 5 B 1 ORI OG , ELRS Wi R JEE 45 XUREA 5 5 757
A XERIR AT T A R AR WIS A TS BUVE T B, FRBE R B , 4 ¥ 25k 11 2 AT B bl v, 30 1
IR AN | DTS5 1 PN 2 U T P2 A ) e s A3 o) X 608 B8 (0 AL AL R P A T T B
o R V8 i 2 AU Y DR AS2 25 SR 11 28 SOIRZS A K A 2E IR ZS L[R2 5 , 152 8 7K A 52 0 B L s
AR WA T LY R R V. Meyer 2510 364 22 4 2R AL B RHLIG SE R AT 1 BUE B, & BURMLA H1 J [l
(AR 5 B9 22 U 2 V8 B 55 A8 ) 2 R s Duvenhage™ 25 8T AR [ R T 2308 251 = 4k 37 40 A ,
TE T 2 B I 1D 25 VBRI EARICR (S 08 VanStaden 251 BF 5 17 F PR ETAE IXUG B 125 8 3R e Pk i
(RSN 35 1 J] FRIER S XU X 2 v A P RE A S iy L.

AR SOR P RN 5256 3 A AR A5 5 B D7 I 0 RER A PR IR R 23 0% 4 B M SR AT T 5T
SIS ANR] T (a3 Sk R M 32.7,34.5,36,37.5 C; XUGE K 1.5,2.5,3.5,4.0 m/s) 2518 4
(PR, RS SEIR IS A [ ) T 0L REA T A (EAREAEL, 02 A5 T R PR BT B 25 v A A A TR LA

T RFREIFFET DR S5 AR LR

DIPGRIE T 25 S I RE SR W R RO 0 T S e B B S P S B S - B 7
I, RGBSR B i AnE] 1 RE] 2 . SEge A v e N RES 1Y A TE B AR 10 mm, B JE] D 20
mm, 1 =FIEHES, B 39 M G0R 32 AR A TE R BONRE , S IAREC A =379. 14 W/ (m - °C).

RN AERABL VAT SO et Uiz BB Bl A B i AR
S / [ |
Egeiign| 7, / {
2t 8 e DR & ] || awnm || wva R ane H -
SRR ke

Bl ZRAZARKEIXSHFREIEZAARER

A5G TRER I AR PREE AR, 2 T e B 25 Rl
F13E B 32.7,34.5,36,37.5 C; Kfil 1.5,2.5,3.5,
4.0 m/s. SCIEHE R AL BB 10 s, AR Hrit e 1 R 40
1847 20 min J5 RS : KALIIAE Sy 34. 8 Haz, % i 4 15k sf XL
K3 444.2 m’/h, KU R TR T R 800 mm x 800 mm, Xif Jif
PRGN 1.5 m/s. AR HE IR ) 28 SAEZS B4R N S5 NN
PR B A PRSI EE R v ARK It TR
JER TR IZ A R AR AR UL 00N 1 TARRCR. 28 <k iR
t, =32.7 C,MMIBIEN &, =58.5%, 250 10 RE
t, =18.2 C X IRE N D, =92. 8% ; ¥& /K ik H i &
ty =13.4 C,HOEER 1, =19.1 C. RS IRE BP0 50 &0 d, =18.295 o/kg, JA{H N
i, =79.889 kl/kg, OSSR N d, =12.139 g/ke, J&{H N i, =49.151 kl/kg.

25 A LIS [R] PR e A AR TT R RS

Q = G x Ai (1)
K, Q0 A TAEBANLIS ] P BT AR KW 5 G A R TR i o, kg/s 5 A 28 SE RS 22,k kg,

T, B S T] PN s A AR

Q = GxAi =1.29x3444.2 x(79.889 —49.151) =1.366 x 10° kJ/h =37.9 kW.

A2 FRAEABSREISEREEEER



78 Bl TR 2016 4E45 31 %

T VR 7K AEBAASE B (i) A JT R AT Py At Pl ARl R 2R i

Q' =cxmxAL (2)
K, Q" KFE LI ] P BT WIS A FR R, kW5 e KA IR EE 4. 18 kI/ (kg » °C) 5 m: KA BT 1,
kg/s; Ar: KA HE HY R ZE,C.

TR, B[] NV R K TR R B

Q =cxmxAt =4.18 x10° x5.0x10° x (19.1 -13.4) =1.191 x10’ kJ/h =33.1 kW.

H AT, TEIZ S R A P, 28 ST A A 2 L V8 VR 7K T I AL 1) R R K, i PR o 28 ST Tl o
AR LIR30 25 Ve g N IR I A B A REAR 48 V2 /K FEZ i A R v IR 1 v R /K IR S i A B Ab , 4 0
FNAE Ve 25 B SN R 23 MRS — 8 o3 R

2 RHABHRAFETZABHEAERBKEENT T

2.1 HEBIE
TEAB MBI rhr 8523 Y4 B8 T 1) B T 81 30T 10158 72 7K
TG, LA T R AT TG TR TR A B, B BRI A bt
2.2 WEEiER
SR Gambit 22T F 2 14 S B, I F Fluent PRI 55
TELREREIFES B TARRCR. s % 38, & K 900 mm.
TP RSG5 H (R , 5 LI AT AR, A SCHRL S5 H 1 1/
4, AR BRI 3 TR,
2.3 HEFBRERSH
2.3.1 MR 5B AREERE
4 T E TR MR
JRER S B, 147 2 A 4N T 1 25
R 431, B TR 5N 591100 4+, o

\8}

0

o A TGP I

A AR
W GRS

w e Sl AR

ARSI

KHBRUE b — & Tt A — il XU
ZEIIAR AT WS il 2 D i
JE SRR RE R PG AR AT TR
PEIR2E 1 x 107°. 30 FAAF B0 E
FEAFV AT, 28 e PR 1.5 m/s, 2 FUXGRE R 32.7 °C LB BE RIS E
2.3.2 HHELERSMH

T TOLR ST, TR AR AT Tecplot BPFHEAT IR AL BE, Horp, X D IRV 8 B2 7 1) , B8 98 e A
AR HES DT 18], SR EE DN 0.7 ms Y s as WA TE RS 1 HE51 D7 1], SRR 0. 16 ms Z T E 2%
T TE R BT ), MK 0.9 m. &5 ~ [ 8 Sz SRt M N 32.7 T, 4 Ff A RIXUEE T 237
2SR A TR O s SO Tl R B s s 1 R AR XU Fr) AR A AL

TG QTC Y Q)

14

£8 e NUGAL Y

Sl G R AT
A
i1

B T e e

™

o A QRN A A ()

wohe SN N

. N

H4 MxHHE

=

FEBETH.

0.15F Ee e PoreYese 0.15 Fiiesaoge hoosecm s osean
Nl s b NN R e
= 0‘05z‘7335323]%*3%3%33%8‘&%?33%335383?885383@{@ £ Los F1Bosepesofoatsaaada TonRonisessioser
RV o) = 05 F =2 =1 |
NI i HE R R e
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0 0.1 a2 0.3 0.4 0.5 0.6 0.7
X/m X/m
S = 6 EAEEH2.5m/s it Z=0.45 m B ERESF
0.15; 0.15 | Tt °;§§’ng3 853«%585@3
g 0.10 o 0.10 FHiRees 03626036020 g
= Fle = Fl&OaX o 0 'O oogéooo 9590 Fop
>-4005, %005-‘:0 &8 O L Oy O 700 O S5y |
ok 05 Flbeess SRRt
) 0 EEeS el o et o o g e R b TS0 ot Sop e
0 0.1 0.4 0.5 0.6 0.7

B7 ZREEAH3S/sHZ=0.45m A@BESH B8 FTAEEH40w/s i Z=0.45 m H@BENH



H1H SRHTA 55 GO PRI T 07 2508 Al A RE 79

H &S ~ B 8 Al 28 S AE I sl A s A 240 -

FEVRHIREAR s B KU UK, 2 ORBE AN NI L T S0 :

FIARAY 305.8 K(32.7 C) FRAGEIH H 4L Y 295. 6 nvflfﬁﬁ v .

K(22.4 C),296.3 K(23.2 C),296.7 K(23.6 & B v

) ,297 K(23.8 C) , LBEME B R, 2| : :

THFEO. 1 m B9 K s R R 1.8 ECT X ” e

CAedi. O AT MR RGE T 2t R 20 e

BEWERE 22 Ul PR O T B T TY s R T 204 P

T, 250 R BB RGO R T 5. 198

TS RBURGE R 1.5 m/s {0 T80, Hss R ™ M % % 3

25 S R EE/°C

SRS R DT IR R T A
M E b E 32,7 CREREI T Abfg 19.7 C. T2 B9 FEGE OB E A 0B R e Rk 0 T A
A IS R AR ISR
Iy — 1 _ 32.7 -19.7
t, —-t, 32.7-13.4

WU s Sk TR, 43 I 34.5,36,37. 5 °C L AEAN AR AN R KU T 43 5 A TR0, 159 31 25 <
HE DRI ORI Y 25 ¥ A A80R , Ak 1 .

F1 BFKFEDREAEERARGEDRE NETESHHORERTEH/UE

SR C (B 3R/ % )

E = x100% = 67.4%.

2T/ C
v=1.5m/s v =2.5 m/s v =3.5m/s v =4.0 m/s
32.7 19.7(67.4) 20.7(62.2) 21.3(59.1) 21.5(58.0)
34.5 20.4(73.1) 21.5(67.4) 22.1(64.1) 22.4(62.9)
36.0 21.0(77.9) 22.1(71.9) 22.8(68.3) 23.1(67.0)
37.5 21.5(82.7) 22.8(76.3) 23.5(72.6) 23.8(71.2)

HIZ% 1 Al 2 R DR — 2 i, B

33L

R TR TR, thy 1SR B 2 TG , B2 7% 8 1 “ij .15

B B2 ARG T 7E [ — IR T, B 5t - o 1=25mhs
CORBERR, A R e T AR e BT F o
FURBE T HY 14D 03 25 0 LU 306 D1 AL TR 25 (0% 2 271 AN

N B B2V B R B A S os| AN

TR A T T35, B2 K F BT 4 TR o | .

6 fE P IFRRO R T T 2 i | R
{5 R FRE 375 °C L IE K 1.5 m/s Tl

B i K. 190.0 ' OI.I ' 0‘.2 03 01.4 ' 01.5 ' 01.6 ' 0|.7 ' o_'s

0.3
MBI

'\

W AL RN 32.7 C L 7E 4 FhA [ YR
TR AE Y R R U RO ] A Ak A, 10 B10 FRRERETE DR E TR F @6 ZAHE
Fi7R.

H1E 10 LR, 28 AR Ao 23 Ve g AU RE v I U sl 5 180 25 ORI BEAEL T AT, 25 "t e X i e daed
A —RE B R Xof O T[] — o XU AL, B 2 O ) Ty, 2 AP 249 R BE (AR, L 25 g
TN — R AR JEE A, O 2 L RS2 Il

3 #it

1) el R 4 2 G 25 v A I, 2 Al B2 AR 2 A 5 P S A e, R ot e i e 5 {0 10

Bl



80 Bl TR 2016 4E45 31 %

WA 2> (AR X IR A T3, A BRI 923 B AR S IR R/ (EAH X 2 T .

2) 723 SR IR B0 25 v i A4 AR AR AT I S B i, A XU M A Kt R — R RO O 1, B
2SS PRI BE R TR, 23 v S AR PR AT WL R A T, R PR B O T 3R T 28 S 7K £ At
22, TS 58 T gk

3) FEAS SRV URKZE FHRLEE — 58 B 2R PE R, XU A 3 0 2 3 3025 v e AR I AR 52 P KL
BRI RAE KRR TR, TR X — RSt B v VRK BT RESR BEAG VS it — 5 , T B2 I 1] A 25 ORI RE M MK
(Y TR/, S 20 U P BE TG, AR A T REAIR

Sk

(1] WIDUE. AR R R [ M. RV - F g R L, 2009.

(2] i B A A T M ] AEAT A5 Tl i ikt , 2011

[3] TRE-F, 10, B st B, 45 7 O A e it 8l 5 A AR BRI [ ) ] A T A 1R ,2005,26 (4) :46 —49.

(4] TR, XU, H B 3R 2508 A A AU (A Sh BRI S e e A [0 ] A7 b Ak i3 4% ,2012,41(6) :37 - 40.

[S] XURHEL, AR AR, OB XA T 7 I 25 v g A A i BN LT ] Bl TR Y, 2013,28 (1) 239 - 42.

[6] M %, FRERAR  kL/NGE 55 BRERE A T (1 BB S 18 RIS TR T ST [V ] IAHL 77,2005,22(6) -39 - 42.

(7] AL, V8 AL T A BB AU SR EFFE LT ]. v8 55459 ,2009,23(3) 16 - 9.

[8] Meyer C J, Kroger D G. Numerical investigation of the effect of fan performance on forced draught air — cooled heat exchanger

plenum chamber aerodynamic behaviour[ J]. Applied Thermal Engineering, 2004, 24(2) ;359 -371.

[9] Duvenhage K, Kroger D G. The influence of wind on the performance of forced draught air — cooled heat exchangers[J].
Journal of Wind Engineering and Industrial Aerodynamics. 1996,62(2) :259 -277.

[10] Van Staden M P, Pretorius L. Numerical modeling of the effects of ambient conditions on large power station air cooled steam

condensers|[ J |. The American Society of Mechanical Engineers — Publications — Fed, 1995,221 ;145 - 150.



