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Simulation study on the Microstructure of
Ventilation Cooling Airflow in the Process Section of Rotary Kiln by Direct Evaporative Cooling
Weng Leichao Sun Tiezhu Ma Jie
( School of Urban Planning and Municipal Engineering, Xi’an Polytechnic University, Xi’an, 710048 )

[ Abstract]  In order to rationally use the direct evaporative cooling equipment to ventilate and cool the working area of the
rotary kiln process section under winter working conditions, Fluent software was used to simulate the process section of the rotary
kiln by using Fluent software, and the accuracy of the model was verified by actual case tests. In the simulation of direct
evaporative cooling equipment under different supply air volumes, the results show that the airflow structure of the rotary kiln
process section is affected to varying degrees in the range of 5000 to 50000m*/h of supply air. With a small supply volume, an
upward high temperature plume forms on the surface of the heat source. However, increasing the supply air volume can attenuate
this plume phenomenon and significantly reduce the temperature of the work area. The high-temperature heat source has an effect
on the velocity flow field of the air supply port, causing the cold air to deflect and flow to the non-working area above. With the
increase of the supply air volume, the vortex phenomenon in the velocity flow field becomes more obvious. However, when the air
supply volume exceeds 25000m*/h, the growth rate of ventilation efficiency slows down, and the ventilation efficiency increase rate
obtained by further increasing the air supply volume is not large.
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Fig.1 Plant floor plan, elevation plan and measurement point layout (unit m)
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Fig.2 Heat source of rotary kiln process section



+548 » il A

751 2023 4F

B3 E#EzEIZEEXO0
Fig.3 Air supply outlet of rotary kiln process section
*1 EHEEXRETERIEHEERR

Table 1 Surface temperature of different sections of rotary kiln heat source
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Fig.5 Physical model of the rotary kiln process section
22 HAER

FE e 75 T2 B, AR B ATl B2 7041 1) =
YERtiish, AT RETE . SR RN EEE T
fEE MR O, [FIRF, T P e AR A
WORE TR SR AR S, O TR AR L, R T
DO HRH R, R MWA BRASSLAR A H A, KA
A&7 RE, M T LN Eee iR

(1) ELLETTE:

8_p+ 6(pu) N 6(pv) N a(pw)

ot ox oy oz

K us ve w AREREE X, y. z TA L
frE, m/s; ¢ AL s; p B, kg/m’s

(2) BhEIE:

=0 (4)

0 or,
M+div(puﬁ)=—a_p+ar_ﬂ+ﬁ+%+pﬂ
ox oOx oy Oz
(5
0 0 0 0
ox oy ox oy Oz ’
(6)
0 0
(pw)+div(pwﬁ)=—a—p+%+i+ar—“+pfz
ot 0z oOx 0Oy Oz
D
A 0t T NRTEVINAAE X\ ys 2

AN RIS, Pas u NTARHIRETEE, m/s;
fis fs 2 RALRENE xo yy z AR &,
m/s?.

(3) RERTTTE:

KA o NEIEE, kg K)s TNERE, K
k AR IR E, W/(m2K); Sr ARG FE RO .

(4) R IAL TR

V(1((7.5)5)+(a+0,)1(7.5)
oT* ¢4l _ _ ,
=an’ — . ]((r,s)@(s,s )da)

K FANMNERE; §AFMRAE; oAk
WRE: o BUNREG 1 O9RSRE, Wim? n It
R o MHFBURESHFHE, Wm?KY T
RNIHJEIIEE, K DHEREG 5 NEUR T
" 7B LA, sr.

BT DL F R R SR A I A, AT DA Rl A
LI BRI FE 43 A 1R AT AE R ST T, Sy
BLEZE KA H A R B R AR
2.3 DFEKM

WEIGOLT, BREER M2, X Rk
HiAA R R R I, BREER M IEEAE,
FrE ot thah, BEm P #E RIEREAR, R
PRTERE AL IS B TR BE S22, IR T 484, WA X
W FRHREEEN S AR EE . B, fEAS
o FRATE B RE AL 4 Tl AR . A R KT
AL R CA, R TR AR B AR AR
N FA G 5A, Toms % I8 AR 22, B ] ] S v i
Hi IR SRR IE R AR R B o BH T % L 2B
WA BB ERR S, 258 B B SRS X
BT, RGN E, (H1Z% X 772 [ E 1 .
R VT SR R AR R R S AR e 1, K ]
BB N T L 5 A . Ak, 2B
FRUF 2 [ JE] AL A s T E, PRI SR 2% A mT LAME
iR — I R E s . Bk, fEARH, #
PIRBE NPIRIA T G I TR B AR S B
Z: 3% 20191,

8(gtT) +div(pt7T) =div(£gradwT]+ST (8
c

9

®2 BRFMH

Table 2 Boundary conditions

2 bt it U
E R Velocity inlet HEAO
B 4 Pressure outlet A

s wall Piis gt

BET wall LAl




*550 - A5

751 2023 4F

24 Rfp#EE

Fluent SRAFZSELFEPIFIISAY : 43 B9 R AR #45 AIRK
GR RS o o7 B SRR NGB TR R LA 7 7R
BHATIEARK AR, BB RISGRHRE . #8E
KA K 2 R RN SR AT 7 R, 34T 2 K%
G IRAFCSR « A SCRF T 50 B8 SR 28 34T AL
-‘L—I-%[II,IZ]O

TEr B, A = A RIS R A
J5: SIMPLE. SIMPLECE Al PISO. Hij % Fil /772
EHTFRSIHE, FEEHTIERSITE. REA
SRR E, WP e FI R SIMPLE 3%, JERAE
TR 51 20 B Body Force Weighted #% =0 it 5
JE77, CORTSF RS sar T a5 51, 2 (EA L
R AR
2.5 HERIEGHIE

TEREAE R S, BT ST R b oG B
GBI B toE T ARLEE v I . (BRI, R
BRI KA B B AT 78 40 B RAIE o AR ST A K]
3100 PIKE, 9105 A%, 4x105 P DL R 4%
MSTPEIEAT T 900, B WA HCE B3 - 45
THERfR IR OR B iy 55 T B B DL A HERA PR 1Y
BR, BIARURA T 3x100 [ M

S AR L0 R A M B 2 R R 5 R R R AE A
—EMRZE, BB SO AR ERR 8RRk %K
TEABE TR P A 12 -

S—-M

EER = x100% (10

EER j8/NUE AT G e S B 2 A B,
BB R ZE R, AERE, —RIGHLT EER
FVF I B KR ZEVE I TE£15% AN o R AR X 1)
D AR A5 B IR T 3 5 AR DU X B R R iR
L AT B 6 Fras, MiZRMi &, 4y
AR A —, BEZEAHD 01T, &K
1.37°C, “F4#450.75C, X REE®RK 9.1%, H/D
0.82%, “FIJHXTIRZE 6.16%. L Y=1m FHKE,
AP 5 AN AR AT KU I, T 2 M A )
0.02m/s, # K 0.08m/s, ¥4 0.052m/s, HXTiRZE
WK 12.2%, #/D 3.8%, “FIIAHNTIRZE 9%. %51
Jor 3 ) P 15 2 Y R B AR R AE 15% A, X R B T
AT S5 25 S R It A AT S

o R

2864

TILHEE (K)
a

B I‘.“.I W2 W3 ET
£

Ca) il 2 S5 LA K Pt L

= EE
¢ R

WEHE (o

FICE] M3 Md
i

(b)) 3k P 5 AU K 0] B
Elo MiX#ESEMUEKIEI

Fig.6 Test data compared to simulation data
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Table 4 Ventilation efficiency under different air supply

volumes

EXSH Tl T2 TH3 T4 THS
%R

5000 10000 15000 20000 25000
(m3/h)
BN 0.56 0.68 0.77 0.81 0.91
. s T
ERSH THke THm7 T8 L9 0
%R

30000 35000 40000 45000 50000
(m3/h)

BRI 0.96 1.02 1.07 1.12 1.17

K originl R HE HS B B AT ORI o 1
REAE AT AR LML S 041, SR Asymptoticl
BERY, e 8RR ik E R B R, il
IEREEE B R NS 3L

KAIEREEE 2L, R TEZERER T
HERE QO 5iE R A R

7=0.03131x Q" (12>

RN NE T RES M aETUEH, H
FHRIFE LT T 319.15K, mm FiEREE, 5
FRIRRT BT 17 B i P . 18 RN =
TP GO R I T o 12 T 206 KR BN
%R HH AR L e R AR, 7R RE s id 72
W, AR e R A R, AW NS A,
MM FERE L. | 5 1E HP 3 0 FA5 5 328 IR T 2
TS, IR RGEBERAF R ENL] Db X, #ics
B JE B SR TE IR A . G, & REEN, 12 KGR
M LIRS b5 o, T e TR AR R 7 AR P v UL )
MG R .

ML 7 W5 FE A3 A S v DU, e AR EUR 1
B TAEX RIS, SEMIKT Ak
E, FHTAEXMRE ST B TAEX R
I B 2 A 82 TR I, ]RGSt A 38 T P L P
AR AR T R B, MR ELA R R AR
VA [ IR T PR I v A I8 Tl RGP T
i o 36 PR PRI 0 AR X 1 i 5 B 2 3 sk, 7E T
L 15000m*/h B A&~ TAEX P50 E N 16.12°C,
TE T4 10, 50000m*/h B E T TAEX FI4E E
10.63°C, fEAZE T NIERERT 90%, W]
LR F% 34%, BARENBERIE.

TR
Lol — A

T T T T T T T T T T 1
0 5000 10000 15000 20000 25000 30000 35000 40000 43000 50000 53000

JEAE (w/h)

B8 EXESERM R EB AL
Fig.8 Fitting curve of supply air volume as a

function of ventilation efficiency

M 8 36 XU 5 AR (3L A if 2 T, AR



55 37 B 4 ) DifEE, S5 EEARVS AE e T2 BUE R T H R TT +553 .

3207 PR (0 B RO T LRI G b . 7T LS 2 ey
W 2R x AR y 2 WIEE B2 A 65 o
Z, AL A A R R A R, B e
% P O, T 5 30 PR, 3 S 5 o7
53 A8 132 PR AT B T 0 KU 2% R It
4 5000m*/h | 25000m*/h (78 B Y, 8 KR M 1
0.56 FEWBIINFE] 0.91. 7EXATEHE A, @R o o2
WK IO e, MK IBRE RN B . AT, X o
3 LI 25000m/h IR, 38 IR 18K 3ok P U fm e
2% (E16 XUE N 30000m3/h £ 50000m3/h 75 A, (¢) L3
SR 0.96 W INF] 117, (E 1 K155 12 A -

Contour 1

WL /N, 3% REAE 5000m*/h £ 25000m3/h JEFE A,

1.0
BRR KRN EE . EREN K NEEZSS i
TR A OC . BRI, FE IR KRN 5000m*/h F 07
25000m3/h ¥76 FE P, 3630 24 f 2% XU AT DA A e
v R3E KRR, AR Re RV FE 7 T AR LA R 22 04
PRtk AT, %R 25000mh JF, ERK N
R TR AR LR, AR 2 1) RE 5T AR AR KUK 04
s N N N - [N 0.0
SRR K. FH, B R% R T AR m s
LR 2R 25 & TH4
332 BESKE
| s,
o il
1.0 0.9
0.9 0.8
0.8 07
0.7 06
0.6 ros
os 04
roa4 0.3
0.3 o 0.2
0.2 0.1
0.1 0.0
0.0 [m s7-1]
[m s*-1]
(e) LS5
(a) T 1
Velocity
Velocity Contour 1
Contour 1 1.0
1.0
e
9.8 07
0 06
o.e ros
[os Foa
ro4 0A3
0.3 - o‘z
0.2 0‘1
01 o:o
0.0 [m s”-1]
[m s*-1]

(b) T2 ) TH6



-554 -

2023 4

Velocity
Contour 1

i |
0.0

[m s7-1]

0.9
0.8
0.7
0.6
0.5
0.4
0.3
0.2
0.1

Velocity
Contour 1

i |
0.0

[m s~-1]

0.9
0.8
0.7
0.6
0.5
0.4
0.3
0.2
0.1

Velocity
Contour 1

1.0
0.9
0.8
0.7
0.6
0.5
0.4
0.3
0.2

0.1

0.0
[m s~-1]

Velocity
Contour 1

i |
0.0

[m s~-1]

0.9
0.8
0.7
0.6
0.5
0.4
0.3
0.2
0.1

() L 10
B9 TRZERNETHIEREZE
Fig.9 Velocity Cloud Chart under Different Air Supply
Rates

x5 TEZERNETITERBFEHRE
Table 5 Average wind speed of the working area under

different supply air volumes

ERSH Twl Ia2 I3 L4 IHs
%A

5000 10000 15000 20000 25000
(m?h)

0.06 0.12 0.18 0.26 0.31
(m/s)
N , X , , , L
EXSEH THe T7 T8 L9 10
%R

30000 35000 40000 45000 50000
(m?h)

0.36 0.42 0.48 0.55 0.61
(m/s)

SER M B 9 S A s T LLE H
36 JR T T S HA 0 48 72 SR e 4 R 11 U I S5 8 1)
ARG TAEX, M2 Z2Am P EMEs. &1
THT P s RO T B I 33 J T — s RS, [ 15
15 A W SR HE ) 2 SO AR BRI S 5 At b5
ETAEX, T80 77 AR TAE X FE 5 B R i it T
BEm T 7 TAEX . [FI, B EE N,
ANTH P (I8 S A0 7 %A SO, #m DY JE &
o IR I G, HLIR I A1 B D P T A 2 XU 1)
SIS G O, TR P T RO, I P R A
Bl 59K

FRIEFR 5 B, AImpEs %X ER A, T
A DX Y328 AT I o 1 XU B T 38 o 2 B 3 i 9 7
T4k 1, 5000m¥h FIXE T, TAEXFXER
0.06m/s, X EH % 50000m3/h, TAF X2 R
9 0.61m/s, IERERII 90%, TAEX 5 X i
T T 90%, P BRI EIBI IR 1A,
BEAE RCE G, AR 53R B KO 22 1K
T KRG AT e 2h TAE N 53 SR AN IE [ XU, 7]
I R L5 S BEAIK
4 g
ARSI o SEBR AR R BUE A, X R T2
BUA TSR BB 78 VA B0V 4% 330 47 38 X 25 R ik
ITTWIE, 4R F:

(1D IEREE/NE, BT EEES R R ECE IR
PRI G TN E R, A5 AR T I ) i
PIE o 18X I AT DL 3 PR TAE X RS, &



37 55 4

DifEE, S5 EEARVS AE e T2 BUE R T H R TT + 555

Z= TR 3% KRB T 90% AT i T4 X I & K %
34%, HAEENRERSCE.

(2) EERFEREE RGN — 2w, &
Fok A B A 2 ROR AR BRI, in) B
JETAEIX, 45 b5 JE T AE X 003 5 5 B ARt TH
T N7 TAEIX . B IR X CERI3G N, 3R
PSSR, FECRTLIL S AR TS BN & .

(3) ENESERIELEREMCR, b
FIERE N, JEXRCRIZE S, 22X EE
I 25000m/h J&5, 38 RSCR KR AR SR, THFE
B2 [Re B TR 1018 X IE IR A K.

S -

[1]  PMZAE, 8, A5 b X R B e 28 VA Hk
2% BIE FH S HT ] MB 45 4345K,2022,50(10):21-25.

[2]  SA A2 R, S RS+ B AR R A EIE Tl
J 5 R (D] AR B LA, 2012, 40(05):75-79.

[3]  SRAAH, B, BT e T3 R IR 16 & 7E K S IR L
k) B R R I AE[C] R R A L AR ) )
e RIS E 23, 2007.

[4]  FEHIE B L 78 R VA H0 25 YR 6 A0 A S P F T 4T

[3]

(6]

(7]

(8]

[9]

[10]

(1]

[12]

[13]

PR FC[I].8178 55 25 1,2007,(4):81-84.

KI5, BBV . i v s R 5 AR08 AR 3% Mk 2
ROHT] LRE#E W 5 311,2016,(12):11-12.
AR R G E B S R RK T
50 W JEG 3 IR BT I 20 BT (9] 1 ¥4 5 25 1 ,2021,35(6):
848-855.

Wt W SO AL (G 4 BROIM]AE R = %
FR #L,2006.

GB/T 17357-2008, 1% % I & 18 48 #4 2 R T MR B3
M5E PR TN R T I B VE[S]. AL 5L v [ A i HE it
#£,2008.

PR M R K s B R 414 CFD B A L) 5 v
i [D]. 5 PR H K 2,2015.

Ji LR T By R A A A R I A X
RV FU[D]. 74 22 74 22 R HURHE K 2,2015.

e FETRAE ) B3 CFD SR BRI AL D).
R R Tl K 5,2021.

e BT CFD BB AR IR BN L) b5 B ARk
RERALBE T 72 [D]. B AR PR K 22,2011,

T 48, X0 5, E 75 25 Origin CEE 5256 B0 313 4047
R [J]. 8 AL 5,2015,(31):38.

A

(_E#554550)

[14] 325, B0 MR B 55 T 9 45 B (1) 1 4k [ 1
T 28 KO B D5 R F ST (0] BRI Rl TR A,
2021,18(1):227-234.

[15] ' 3Hede, 2 ARAR, 108 S 090 . i 5 FEEAT 2 T &3 XU %o o
U1 SR ARSI [T 30 77 BT A8 A 57,2015,18(4):42-46.

[16]

[17]

ZREE U R R B AL SUR L M R B B
RS FE[D]. AL 5 AL B AEE K 54,2019,

AR, 08 2, 5 R A TR R Bk Rl
M IE A BN S 5 RN & B X B s (0] B
HETT1,2020,64(1):40-44.



