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Study on Heat Transfer Analysis and Structural Optimization
of Cooling Stave with Internal Ribbed Tube

XU Xun',WU Li-jun®, YUAN Zhao-kuo®
(1. College of Xinglin, Nantong University , Nantong, China, Post Code:226000; 2. College of Mechanical and
Energy Engineering, Tongji University , Shanghai, China, Post Code ;201804 )

Abstract: The internal ribbed tube is applied to the blast furnace cooling stave. The mathematical model
of the cooling stave with internal ribbed tube is established by using Fluent software,and the structure of
the internal ribbed tube is optimized by numerical simulation. It is suggested that the structural parameters
of the internal ribbed tube should consist of 4 ribs with rib height of 1 mm rib width of 5 mm to 7 mm and
screw lead of 20 mm to 30 mm. The comparative study on the cooling staves with internal ribbed tube and
common circular tube shows that the maximum temperature of the hot surface of the cooling stave with in-
ternal ribbed tube decreases by 5. 6% ,but the pressure difference between the inlet and outlet of the wa-
ter pipe is increased by 1.69 times under the working condition of cooling water flow rate of 2 m/s. On
the premise of the same cooling effect, the cooling water consumption of the cooling stave with internal rib-
bed tube can be saved by 55% . In the case of water shortage accident,the maximum temperature of the
hot surface of the cooling stave with internal ribbed tube decreases by 22. 4% , which can effectively re-
duce the harm of water shortage and protect the cooling stave.
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structural optimization

W FE B HE:2021 —01 -25; 11T H#3:2021 -03 —07
EEWB 004 mlE i R E (JC2019154) 1A s & ilE TR el
Fund-supported Project: Nantong Municipal Science and Technology Project of Jiangsu Provinee (JC2019154 ) ;“ Blue Project” for Universities in Jiangsu

Province

YEE®A 4 (1983 - ), 5 VLINRE A, REE R R



- 68 . 4

B8 3 N T B

2021 &

51

i

TR P VA B A1 Ay 225 A T P A S ) T BV B
%, HCAE BB X R MR 5 4 A 7 A RS B AR 2
B TR, [5) 10 2 S 0 785 07 5 £ 0 R A e R
Zz U R TR RS FRE B A, R S 2
FE SRS BRI O v, B R A
T g TO Y AR TNV HIRE M R A 1
TRBIIBFFE, A TR A VERE . B &5 AR
KA Ze b, 3o v HIBE v H Pk R 1 T Bk
5 R EESR , BRAL K A A AP RS AE L AT

i R AL AL AT TR R AL AL BB B P B9
Tt UL BB A A A T B R B
SO RS S RS L RS T B S R
AR S SRAL MBS R R A A
(A TUT S5 , 76 BV 3R 2 A 5 b AR
7] 9 W SR R A, DA T 32 0 U T O 41X
SRR R BRI ) TR A R A, SCPLIR AL
f¥) H 1.

TERZ AL PSSO 2 L 40 60 45
R 4 R R B R BB O, 1966 4F
A 04 [ 7 SEIO 3 Lawson B 36 T8 — RS AT R4
ERBFFR A LIS E AR Z 2 3 AT T
WATII . SBLE BRI TR, (B Rt LE
SR A, SRR A L Sh RIS Bk i Y 2 g
R SHRMEERSH ™ EREERT, B
O BA TR LSRR . T RSk
A AR RIS £ A 3 BR8N, G RE FH2 8 T —
SE R, X U T A R S A 54 I £ 3 18
SUSHIT I BT R BEE R —E
T A BB eI B A PR, T e S 6 1 0
T XERARE A3 B RS . BB B R T
s HIBERS HIK S, A B KB AR 5%
HIKBOHE DR B, AT B0 v FRE RS . A SO )
Fluent Jf 7t <7 8 8045 & 1) BE B 4 3 M8 45 2%
FISHORAT T AL, 30 5330 1R 0 A HE AT T %
ST

R LAY Eid): DE< v

1.1 SR
BT MRLUE S HIRE Y EE AR, WP 1 iR, R

SR 400 mm x FE 300 mm x J2 110 mm, & KEE
AT E AR H K, KA 2 38 mm, N1
25 mm, K& Ut [l e 150 mm,

KB B —

¥k O
T

Bl BgESAErEE
Fig. 1 Schematic diagram of cooling stave with

internal ribbed tube

B LA RN 2 B . w AR %E, mm; h
SRR B, mmy L RS SRR, mm, D A KA AE
2, mm;d HKE N, mm,

A
(b) 1 i Pl

2 BYESHE
Fig. 2 Structural diagram of internal ribbed tube

1.2 f&HiER]

FIF Fluent {7 57 SRE0E Vo K HE (G FUABIAL
Vo HBERA T R W5 9

Y HIBE = RSB I TR -

d T d al d aT
=N == —(A — (X =1 =40 1
ax(/\ ax) " ay(A By) " 6.2()l az) ¢

AP TR, Ca—AREEN 52 W/ (m - C);
%,y a— TR HIBEREIE \TERE | R 7 7] o



5512

R, 2 BREUES KRS P M B AR AR AR BT 5T igB

BV MK AN Al B e A R, S8 s .
HELPE R

+ + =0 (2)
0x ay 0z
R IIE:
du; a au, a o u.
By Wy, By B N Gp
ot ox "y dz p ox, 0x
u,  du,
+—5 +—5 3
P azz) (3)

A s, — BT B AR BR ) B IR A, /s, A AR
w, w5 t—E ], 85 v —HARAYIE BB B, m/s;
p—RMR I FE 7, Pas p— 1A 19 % 8, kg/m’ 5 x,—fiF
AR 1], AR 2y, 2,

HEE %
.2 P 2
ux£+uvﬂ+uz£ — a(q+¥+a Z')
ox Toy 0z 0% dy oz
(4)

A a— A BEIPY B, m /s,

YRR i L BN , K FIARAE b - & TP
WLFSAFBE R VS HIKA R HIEUEEA D264 iR
BERFREIREE, B9 30 C, @ E 4511 0.2,0.5,1
12 /s HEATTHERE s Ve EIK Y ER AT T 10 454
BEA M RRERNRES

¥ HIREA AT 5 S AP B R B B A O 55 =28
BF R

aT
—A S = h (T, = T) (5)

A h,—F T 5 BB AR A R R R 232
W/(m® « °C)P 17— SRR B 1 200 C; T —
PTG, C .

Vo HIRE VT 5 A R 23 S B ae i R 8 = 2R R
%1%

aT
AS = (T - T) (6)
X

AP h,—¥ 5 R B 2 S ) B SRS R %L, B
11 W/ (m® - ¢ T,—¥HmTiEE,C, T,—
EREE, 30 C,

2 HE=EMRAK

2.1 SRGRhSRET IS A BE M BB RN
WEEAREL S mm, % 5 mm, 57280 mm,

BRI 1,2,4,6 ARV K FE T IREUE
PRI ¥% 2K 22 18] ) 14 2% AR 80 b, BER 25 809 22
e nlE 3 fira . fARE A, R 2R B3 N e
SER AN o 3R ph T N B SR U B S E R A5
BB I ARG S N FE 2 HE 5, e g i, (H R
W CBON R IG , AREE I I T 2% BOfE LA — 25 5
Pt B, M AR ECH I 7 A B 0 R AE X0 i, 2
JRy AL FARE T T R

12

10 -

)

——0=0.2 m/s—*—=1 m/s

8 —m—v=0.5 m/s—e—v=2 m/s

. (m? -

fEHRRBR kW

3
IS

3 BYMEHTARKEAREER
AENTHERE
Fig.3 Variation trend of heat transfer coefficients
of inner surface of water pipe when the number

of ribs changes

e HIKAGE R B A (0 = 0.2 m/s) ,2 MR/ 25 B9
BRI RBOR B B A, A7 L TFEE B AT A,
1.55 kW/(m® - C) 3% 3.36 kW/(m’ - ), 1
Eik 114.6% . MR HKTRE v =2 m/s B, 4 R
1 25 A R ESUEAL IR BGR B B K A LE T8 R
h, M 7.96 KW/ (m® - C)EHnE] 9. 77 kW/(m® - °C),
B R 22. 6% . ¥ K AR B I 3h B B2 8025 6 X A%
PRI SR AR BN A

A TR S iy 2% 5 v 1 RE B TR e 1 U BE N P 4
fime WHIKBEBME (v =0.2 m/s fl v =
0.5 m/s) , ¥ HRE AT B s T BE T, B A1) 2R 50 45
IS NAERE i, 4 AD SRS, T, 8B/, X5
h, RSN, R R B B AR, K A
ZETHI THT ARG 0, 22 A2 P T R s o B &5 K T 1%
PR B0/ IV A B FR IS I, 3R B ¥ HBE A% A Rl
B, BHIKER 0.2 m/s B, A bk T3 58 B 4,



« 70« 4

B8 3 N T B

2021 &

4 R h SNBSS HIE T M 510 CRE R 411 C,
FENRA19.4% . TIAEVR KK B KM, T, B 55
IR 2 18 TR, WHUKE R 2 m/s BT,
4RI 6 MR 2% VIR SUE AR L T E B A, T, A
358 CWEHy 344 C 406 H 3.9% .

550
——0v=0.2 m/s
500 —8—y=0.5 m/s
‘?.'i —A—y=1 m/s
%{ 450 —e—v=2 m/s
g
B 400 [
&
350 F—e——g .
I 1 1 1 1
205 1 2 3 4 5 6

fifi 2 4

B4 BOMEHTARLSHNERTSS
mENELES
Fig. 4 Variation trend of the maximum temperature of
hot surface of cooling stave when the number

of ribs changes

BRELZE R e 50 A% AR B (R, o i 1 7K Az B
J 3t R R L O R 225, K SR RERERE
AR S A AK E RE TRZEANIEL 5 B

= v=0.2 m/s
—m— v=0.5 m/s
£ 8 —a—v=1 mls
= —e—v=2m/s
& = E
R 77
ac|
o
H 6
E'EJ
i
—=
4 S . 4 t
0 1 2 3 4 ] 6

fil 7%k

BS5 SRyihfR T ek HOEER
ThER
Fig. 5 Variation trend of pressure difference between
inlet and outlet of the water pipe when the number

of ribs changes

KA TR 22 Ap Rl R 2% B 54 i 5 i,
HELe MR FLE R, Ap BRI, ¥ HIKHE A
2 m/si, AAR R B 1,2,4 F 6,41 LE T IRIAE, Ap

SRR T 24% ,42% ,59% Fl 66% .

LR R A AR RE AR G BE 7, B USRS R
FEERE 4,
2.2 By phexte AR

TR MRS 25 8Ch 4, 8098 5 mm, S:F2 80 mm,
Rl ar A 1,2,3 f15 mm  ARIRSCH & AR
¥ h, BRI SN 6 FiR .

10
i /"1 T —e—p=02mls
& 8 —&—v=0.5 m/s
“ —a—yp=1 m/s

6 —e—p=2 m/s

R —

FEREHL kW + (m

1 & fmm

B o6 BOphsTURkENREER
AYEHBEE
Fig. 6 Variation trend of heat transfer coefficients
of inner surface of water pipe when the height

of rib changes

3R FR B b, W R 5 1 358 0 e 5 IS /N
A 1 mm B, A 3K S 5K HARSERG mith &5 , £
TARBONT TR XR A/ e v] L A N
BETHIAL = A TE L , (AR BN . 10 > D S m e,
JHRE T 11 5 DX 3 ) 4 P PR S Bl T X A A i) B
KA BE AR FH RO 55 . 55— 1T, W s X 38 n
S (IR T A 13 X K, T LA BE X, B ffif%
MRECT %

TEHIK REEARACAHT (v =0.2 m/s) ,H1# 1 mm
ARSI R R R, 3.43 kW/(m® - °C) M kb
T3 [ 10 120. 6% , FERHIK I v =
2 m/si, ARG IR /N E] 19.3%

A [ P v P % ) BE A T e YRS AN R 7 B R
TEVZ HUK AR (v = 0.2 m/s) , T, BE M = B 1S
TnSes /NG, Bl 1 mm B SRS S HIEE T,
KB B/, A 416 °C, A5 B T % m B A, B o
18. 4% ; TAE¥& HIAGE B AR, T, BERD & 134 fn 2
ZA2 TR VEIZKHER 2 m/s B, 77 1 mm /)
IRV HIME T, R 346 °C A L T35 R, M i



5512 R, 2 BREUES KRS P M B AR AR AR BT 5T w1 &

H3.4% Wik — A mE S mm, T, ACTFREET .
0.6% ,{ti} 344 C. £ 10 /&\_& -
E
550 F @
——0=0.2 m/s =
« 6
500 —m—=0.5 m/s :;‘ /H‘\‘__/H
& —a—v=1 m/s ﬁ 4 ;/.M.\._—____‘
# 450 | - R A
jas il ﬁ 2 ¢ —— =02 m/s —a—v=1m/s
g{g o0 & - i —a—0v=05m/ls —e—v=2m/s
= ~—— . 0 1 2 3 4 5 6 1
R o350 P o s Jify 3 /mm
EHY BEMETHRKENRMEAREELER
300 |I 2‘ ,; ; 5 Fig. 9 Variation trend of heat transfer coefficients
B /mm of inner surface of water pipe when the width
of rib changes
E7 MBEZUNSHEANESRETHES
Fig. 7 Variation trend of the maximum temperature of T [RIE £ i 5T 4 2 e 3R B s YL AR AL AR
hot surface of cooling stave when the height of rib SN U 10 Bz, KR HE L 1 S 22 B A8 4 i 55 fl 1o
e IS BUIME T FERRES, I 11 R, 54 LR,

[ Bt = B /N ) B A 1) T R AR G i T A4

mﬁ%&%%ﬂlﬂﬂ(ﬁﬁﬂj Dﬁﬁﬁﬂglgﬂ?ﬂ?o @ij{i?é}tﬂbﬁﬁﬁj@s’“? Hifii

Ap BESREC = I RN, DI AR 2 m/s

550

il Bl 1 omm F1 S mm AYSRSUEAH L T RIS, Ap ——2=02m/s
SYPINEK 38% 1 122% . L4 ER ST, EEULIRAL 5 T - omaiS
—a—v=1 m/s
L & ~
s iEsE A 1 mm, E 450 —e— =2 m/s
F @ - =
2 t}ﬁ 400 \._4 -
11 L —*v=0.2 m/s = ’\‘_1__'——‘__.“
E:j L —m—v=0.5 m/s £:4 350 !“\.\‘__‘ = oy
= —a—v=1m/s ® &
H gl —® v=2 m/s
_R 300 L 1 1 1 1 1
M g 0 1 2 3 4 5 6 g
_% . i1 % /mm
) " 10 EBYpETHESHNERAARESREMNTLBER
%}E Fig. 10 Variation trend of the maximum temperature
3 u of hot surface of cooling stave when the width of
40 1 2 5 4 5 rib changes
by fmm
10

8 ByMETURKEHHOEZNELRES

9
Fig. 8 Variation trend of pressure difference between inlet !—'\\
—— =02 m/s
and outlet of water pipe when the height of rib changes 81 0.5 mls

—a— p=1 m/s

IR HE B O 25 /kPa
~J

2.3 WBGIRhEEXDS HEE AR RIN A
P EBA A% 4, % 1 mm, $72 80 mm, 5:—*—————«*.,—

BEARI,3,5 F17 mm, RFRE 3 T b 97 ——

RSN O BT . b, B B B0 398 0 25 40 W E ¢ P

AN R LRGSR R R DLV HIK R B SRRk O R M T

) - ] o Fig. 11 Variation trend of pressure difference between
2 m/s Ay ’Hjj 582 mmYEREUE AR BUABIRCR ’ inlet and outlet of the water pipe when the width of

FH EE T30 R A 7 18.9% rib changes



© 72 . 4

B8 3 N T B

2021 &

2.4 By EEMSHEMEENIN

e REh 4480 4, 178 1 mm, i 585 mm, &
T4 IE 80,40,25 F120 mm (%5 K 400 mm L)
R 15 TE PN O HH 2 T B4 0 R 5,10, 16 i 20) , ASTH]
ST b, W2 EHAE 12 JiR. b, BEIESCT R
AU /NTT 3G . ER HIK R B R 2 m/s 1), F 72
20 mm LA b, A 11.46 KW/ (m® - C) ML T
e (B A 14 0ROl 44. 0% o A8 ¥ 1K I B O 3h R
(v=0.2 m/s) , i ZHIE A 137. 4%,

T 14 —e—=0.2 m/s
& 12 - —m—v=0.5m/s
3 —a—v=1 m/s
% 8
&/,
e = - ®
0 1 1 L
5 10 15 20
L P 4
B2 BgSiETimkERNREERRENTLER

Fig. 12 Variation trend of heat transfer coefficients of

inner surface of water pipe when the screw lead changes

AN R MRS R T A 4 ) BE BT 35 i 1 BE an
13 AR . SREMN, ArE S HBER T, MK, %
HiK# v =0.2 m/s B, 28 20 mm PUREUCE S H]
BE T, o0 387 C, 4 b T3 58 [ 48 ¥ 5% [ 0R N
24. 1% o PR BEYS /K 3 A0 /N, ¥ 21K 3
HJ2 w/sHE RN 5. 6%

550
——1v=0.2 m/s

500 —m—v=0.5 m/s
é‘j —a—v=1 m/s
Elé 450 —e—v=2m/s
£ 0
# 350

300 | 1 |

0 3 10 15 20

5% P
13 BySETURSHEARRSRE
Fig. 13 Variation trend of the maximum temperature
of hot surface of cooling stave when the screw lead

changes

AN FMRSCF R A E SR O R 22 0 14 B,
Ap FEIBREC R AR AW RS . RIS HIKE 2 m/s
A, SRR 20 mm BYERECE Ap Z RN 80 mm
HHAY 2 £i%

18
——=0.2 m/s

16
& —m—=0.5 m/s
=< 14} =
3 —a—v=1 m/s
E 12 —e—v=2m/s
O 10
==l
#H 8
Hm
% 6

4

0 5 10 15 20
4 P A

14 BYSETHEKEHRHOFEEMNETNER
Fig. 14 Variation trend of pressure difference between
inlet and outlet of water pipe when the screw lead

changes

A b, R 2 B A H R H T T
HKFLHEHR 1.5 ~2 m/s, FEX A HLE T, B8 57
KT 40 mm B, X% P Rl ) £ FH 0O /0N, B
SHRE N 20 ~30 mm,

3 BESEERESANENEREXIE

Fie LR s HriRat REUE S S BOR B8 %
4,00 1 mm, 585 mm, PR 25 mm, THEIXIER
S HIBETEH ] T 0L (B H KR # v =2 m/s) F
AT 5% 1 TR DA BOK A 1 22, 05 [
BV HIBE LA ) FREE SRANER 1 TR,

F1 BRAILATLBEESHEMBE LA

Tab. | Comparison of two kinds of cooling staves
with common pipe and internal ribbed pipe under

common working condition

g 358 338
Ap /kPa 5.10 13.73

HIER 1 AT, BT IR0 v HIBEAN H T % 3 [
B HIBEPETRE R R T, A 358 “C [# 24 338 °C,
IR 5. 6% , (H/K A& i O R Ap #8039 &



5512

R, 2 BREUES KRS B M B a5 AR AT 5T w3

7 169%

THAE A R, B 5K 50 50 Ve HIRE VS KK e
2 /s [ASF ROV HVRCR IR SUE N8 HIK i H 7
0.9 m/s, Al Y545 KBt 55% ., {H K H#E 1 R 25 1
i 33% , 4Nk 2 i

X2 FAEERAMRTEEESAENBYE
WENEER N b
Tabh. 2 Comparison of two kinds of cooling staves
with common pipe and internal ribbed pipe at

the same heat transfer effect

Z W HIm v N BE BRLRE Ve B BE
T 70 358 358

v/m s 2 0.9

Ap /kPa 5.10 6.79

R A 1 HIBE I K ZH S (B B0 i AR /)
i, 154 0.2 m/s)  MREUE GEA R RBOK 25, ff
IPICHIEE . IREUE Ve HIBERE b T 0 [ v A B
DT 5% e TR TR 1 22, 4% , {ELZK A 1k A 11 s 22 0
He6.5% , Nk 3 Fizn.

R3 BKERTERESHBEBLE
RENEERT EE
Tab.3 Comparison of two kinds of cooling staves
with common pipe and internal ribbed pipe

in case of water shortage

Z K WAV H) BE AL K BE
PG 510 396
Ap /kPa 4.03 4.29

4 4 i

AL T BRSUE Y TIBE A4 1% BB 8 o B R A
TR, 0 T 8RGO &8 R I SE SRR
ﬂ%ﬁij{’%i\tﬂﬁgff“m PERE AR 0, 5 18 51 v 4

PEAT T X LUBF ST . S5IBANTT

(1) SREUY) 2RO 2 & N BET T 77, (HBREL
B AT AR R IR VE X 2 R BUR TG AGE S T . [
it BB T 1 P ) 22 RE SRS 2 30 1 o i i e g
o, BREUE ) S EBE N 4 R

(2) /NPl el T LA A Ay T Ak 7 A B AL

TR BN o Bl 34 et T8 3AE 9% 184 i DX 3 o)
PR RSB, 1 X 1 A5 i B R B4 S R T AR FH S I
WS o I EL I e B3 T 2= (8 B 0 TRD 9 T O X
KOER ARG RIS ACE HE 0 77 22 B T &
ARG I AR R, RS B B E R 1 mm,

(3) SRECRN G X ¥4 HIBE AL SRR RE R AR /N, K
Bt L T FE 2 B A A Dk /N T 8 o, 7 S MR e
EHNS ~7 mm,

(4) BRECTHREMN, BR SV H BEAL P e
U AH KRS BE 0 e 2 B S R Y N R,
BB T2 by d HRE R A% HKR#EN 1.5 ~
2 m/s, FEXN T IR ER T 40 mm B X R TS
HIREALAAPERB ISR T AR I &, VRS SRR 15 8
420 ~30 mm,

(5) RITBESUEM %% 4, & 1 mm, i) 58
5 mm, H 25 mm, 553 E E R HEEM L, [F] 45
WL T R S0 Ve A BE PR S5 2 R T RS 6%
EZKAE I O R 2E R 1. 69 % SR MR T,
WA HIRE AT 548 ¥ 21K A 55% ; R AR K S5
B, BRSOV HRE R A R MR BE B RE22. 4% L, R AT
BEARBRK G, (RIS ZNRE,

SE LM

[1] B s RFEARW D], il 1L TR KA ,2016.
LYU Bao-dong. Discussion on the hlast fumace longevity technolo-
gy[ D] Anshan : University of Science and Technology Tiaoning,2016.
[2] #FHfE wPe SBR[ D], B 2R #L
K 2014,
MENG Xue-hai. The cooling wall of blast furnace operation man-

agement and optimization design[ D |. Qinhuangdao; Yanshan Uni-

versity , 2014,
[3] AL EW3 SHPRAFEARMIFIDI]. M. KR
#,2012.

LIANG Li-sheng. Study on the long-campaign technology of Baost-
eel No.3 BF[ D]. Shenyang: Northeastern University,2012.

(4] Zoipis, gt 22, KE R, 5% ARFILE T 4 Flob I s i v ) B
EEHEERB[T]. RNF R F 4, 2014,37(2) .
102 - 105.
ZUO Hai-bhin, HONG Jun, ZHANG Jian-liang, et al. Numerical
simulation of temperature field of BF cooling staves of different ma-

terials under different conditions[ J . Journal of Wuhan University



74 .

4£ (3

BE b

71

T =

2021 &

(5]

[6]

[7]

(8]

[9]

[10]

(1]

[12]

[13]

of Science and Technology ( Natural Science Edition),2014 37
(2).102 -105.
s fEL SRR B, AF SR A A BE A R T R
ot 1], #8k,2018,37(1) .10 - 15.
ZHANG Heng,ZHANG Jian-liang, JIAO Ke-xin, el al. Analysis on
cooling capacity and thermal deformation of copper-steel composite
cooling stave[ J]. Tronmaking,2018,37 (1) :10 - 15.
LIU Qi, CHENG Shu-sen. Heal transfer and thermal deformation
analyses of a copper stave used in the belly and lower shaft area of
wlbhie Tarsesl[ 7. Tnenmtonal Toumal ol ThemalSoiuoas,
2016,100(2) :202 - 212.
GUO Guang-sheng, ZHANG Jian-liang, LI Feng-guang, et al. Re-
search on structure optimization of cast iron cooling stave with el-
liptic water pipes| J|. Energy for Metallurgical Industry,2015,34
(4):28 -32.
B #,R M, EEE L WS KEEIER
[J]. #9#%,2008 ,43(2) ;18 - 21.
DUAN Feng, ZHOU Li, WANG Jian-jun, et al. Study of shape of
cooling water pipe in stave [ J]. Iron & Steel, 2008,43 (2)
18 -21.
Bt , SARIE , B, 4. SR AR BT A o v 0B L E
TR )] B (O H AR ) ,2012,40(9)
1382 - 1386.
LU Zu-an, WU Li-jun, SUN Guo-ping, et al. Influence of special
pipe on temperature field and thermal sress field of cooling stave
for blast furnace [ J |. Journal of Tongji University ( Natural Sci-
ence) ,2012,40(9) : 1382 - 1386.
SRR, TR R 95 S, A T A B A v R BE g A A A 1) £
EEI T[] YRR 9T 2 42,2006 ,18(7) - 6 9.
WU Li-jun,ZHOU Wei-guo,SU Yun-long, et al. Structure optimi-
zation of blast furnace cast steel stave|J|. Journal of Iron and
Steel Research,2006,18(7) :6 -9.
RAME, BTN, T AR BT (A DI BE B R v I RE A (A
ARl ], R #F K% 4 ( B RE2 ) 2013, 41 (12) .
1885 — 1888.
WU Li-jun, GAO Xiu-jing, WANG Shu. Global optimization of
blast furmace cooling stave based on grey correlation analysis[J].
Journal of Tongji University ( Natural Science),2013,41(12) :
1885 — 1888.
SHRIVASTAVA A HIMATE R. Computational study of blast fur-
nace cooling stave using heat transfer analysis|[ J |. International
Journal of Innovative Technology & Exploring Engineering, 2012,
1(6):85 -94.
BRI, e/, 2R BB A UG g o AL A ABOR [ M. b
AU AesE ol e i, 2003.

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

QIAN Song-wen, ZHU Dong-sheng, LI Qing-ling. Enhanced heat
transfer technology of tubular heal exchanger [ M |. Beijing:
Chemical Industry Press,2003.

MRS R s AR ROR B [ M. Jb5: 1k
SF Tl i R, 2006.

CUI Hai-ting, PENG Pei-ying. New technology of enhanced heat
transfer and its application [ M |. Beijing: Chemical Industry
Press,2006.

B R, LRGP ARG R e R SRR L PR S R[] ]
AL TR 45 ,2001,30(3) : 57 - 60.

ZHAO Xin, WANG Rui-jun, YAO Zhong-peng. The current status
& trends in enhanced heat transfer tube with spiral-surface[ J].
Petro-chemical Equipment,2001,30(3) : 57 —60.

Wramd. AU A R IR 2 5 e ot B U E R e S
FPRERE T D] IR A AR Tl ko, 2016.

CHEN Jia-lu. Numerical simulation and entropy generation analy-
sis on tube-side flow and heal transfer of inward helical corrugated
tube[ D |. Harbin: Harbin Institute of Technology,2016.

g IGETHE. AT MR IR SO I B S £ VRR E 09 R AR AL 5
[ D] BRI B AR T Tk 57,2013,

ZHANG Xiao-yan. Numerical study on the flow and heat transfer
characteristic for outward convex helical corrugated tubes[ D ].
Harbin ; Harbin Institute of Technology,2013.

BRAE (] AR P A BRI R A R AR A A i B A i
AR L HRRTE )] (KRS 5 ,2016,44(1) : 46 - 50.
HUANG Feng-hua, HE Hua, SUN Jian-ping, et al. Experimental
research about flow and heat transfer characteristics of fluid in the
inner tube of spiral groove tube heat exchanger[ ] ]. Cryogenies
and Superconductivity ,2016 ,44 (1) ; 46 —50.

W R, IR R . B A e B E AR S K
BpE A BT [T]. s K22 (T ), 2014, 47 (5)
684 — 689.

TANG Liang, LI Xiao-min, GONG Fa-yun. Numerical simulation
of heat transfer in spiral groove pipe and its field synergy analysis
[J]. Engineering Journal of Wuhan University, 2014 ,47 (5);
684 - 689.

KAREEM Z S,JAAFAR M N M,LAZIM T M, et al. Heat transfer
enhancement in two-start spirally corrugated tube[ J]. Alexandria
Engineering Journal ,2015,54(3) : 415 —422.

JIN Z J,CHEN F Q,GAO Z X, et al. Effects of pitch and corruga-
tion depth on heat transfer characteristics in six-start spirally cor-
rugated tube[ ] |. International Journal of Heat and Mass Trans-

fer,2017,108(5) ;1011 - 1025.

(T#% 93 W)



