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Design on the Nozzle of New Pulse Descaling System
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Abstract;In order to make the new pulse descaling system applied to carbon black quench boiler achieve better

descaling result, nozzle, as the key component in the system, was studied. Based on the principle of " optimun-optimum
g , , y p Y ) p p p p

comparison" ,while the external dimensions of the four types of nozzles,including the linear type, conical, cone straight

and convergent-divergent, were same, the internal dimensions applied their respective optimal values to ensure the

equality of comparison and correctness of the results. With the aid of Fluent software, the jet velocity, wall pressure

distribution and wall shear stress of the jet flow were simulated and analyzed. The results indicate that, at the same

initial conditions, the cone straight nozzle is preferable. It can be concluded that the results provide an important

theoretical basis for the selection of nozzle in the new pulse descaling system.
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New pulse descaling system
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Figure 4 Schematic structure of the four types of nozzles
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Figure 5 Physical models of the four types of nozzles

W 1 o PR A VR HE IR A D s AR 2 o 3R
180 mm, 35§ [A] X 3 19 B A0 i S BE A 2R () FE B8 b B
130 mm , 48 HE d' > 60 mm,
3.2 WA ERIESE

FH 7K Z2 S AEmEHE A T Ab pY B i 550 10 832, 28
IR B i i R A, BB IR AR 19 i 2 U7 F2 Al Navier-
Stokes B ¥ FRAE P 8 . AKZR S AEWE ST s itk
P IR B iE 5% , WOR ] Realizable k-2 J5 2,
1 5 BET AR SR ARG 1E 2 v, B v BRI , 3 I 2507 43
TRV SE IR, k- Ty FE W5 S ANORE N A9 8 2l , PRI I 7
TS RE THI SR A 1 e TR 7 R 2, 7 F i JE =X R A
WP SCULSCHR[ 12 ] . PIARIR A H] VOF B3 | /K 7%
SN, 2SN A, BRI, B A N 5
AN P, fER R R ) — A A 7 =X
FF e PISO A& 2, >R H Bl U s =0 £ 45 il O
FEVEAT BB SR M o W0 46 A0 IS AR, B 1] 20 KR
0.000 01 s, ZEACE I 10 000 ¥k, B34 E N Y
Fe RIEARIRELCH 20 1K,
3.3 MEXI

XA BE T BB T A Z PR ol TS [ s
AU BE XA XA i SRR TR], AT AU Y (3RoR
R T A 30T P DA T e, 1) B T ) B 5 ) ke R 06 5 B T
BT RO B DR RE DR RS Y A TR
BRI h FUREGE R 10, 55— 2 P& 5 RE T 1 FE S

PER 0.1 mm, ffifF Y™ 40T 30 ~60 AYTEE

FERI 3 PR B, 4 38 NI A 1 it 2R FH 1 338
DRSSl 53 T 3k | XS g 5 43 ) DR AR R A 7 14— 25 % i
S 1 10 S R T A I 3 22 1] 174 X SR FH AN 34 2] A%
K53 0 s o
3.4 HR&EH

1) AOR M. BT RZES R s ik
AT OUE R B 4%, DI AR I A 1 358 Sk
A WEHER A Rk 5 5 4%t f1 4 0.8 MPa,
A H ALK ZE SRR 508 1,

2) W EIREM . KB AR IR A I O
W H AT B A i R R D A R R R

3) BEMIAA A Bt A R 3 R FH % A
A At RS Y o BE T, SR T R ih
1.
4 BNERSHH
4.1 XEHRIRIHIE E R0

TEAR A R0 46 254, BT sl N ER S A AN ], i
DIKZES S R AR B AR AR . L&l 6 h
(a),(b),(c), (d)ATH,HETE FIHE R mEE (9 51 28 iR
B K, [BIAT RN 4 TS A X8/ o I AR i I M
W J A IO o S A ] 46 3 AU IS ) B A A /Do
PR, STk 28 S BB AR b 8 R
s MY AN, 2 BB K8 e A I REAS 72



[#7IQ& - MMR - #75E] B ERLF KPR RERIERT - 95 -

O3 b H, AT RO R RE AR, W07 G R mE g
1 -5 RS HE T A T 3 1) B 125, 3 2 s Ok 28 <Y
SEIHFE, DI INR A AR
FESE /(mes™)
7.15E+02
I6A43E+02
5.72E+02
5.00E+02
4.29E+02
-3A57E+02

2.86E+02
2.14E+02

1.43E+02
7.15E+01
0.00E+00
Contours of Velocity Magnitude (mixure) (mis) (Time=1.0000e-01) Jan 13, 2014
FLUENT 6.3 (ax, pbns, vof, rke, unsteady)

(a) [FAEBImEMEE S 218

W /(mesT)
6.92E+02
I 6.23E+02
5.54E+02
4 85E+02
4.15E+02
| 3.46E+02
2.77E+02
2.08E+02

1.38E+02
6.92E+01
0.00E+00

Contours of Velocity Magnitude (mixure) (mis) (Time=1.0000e-01)

Jan 13, 2014
FLUENT 6.3 (axi, pbns, vof, rke, unsteady)

B (b) HE A 25

6.93E+02
I 6.24E+02
5.55E+02
4.85E+02
4.16E+02
| 3.47E+02

2.77E+02
2.08E+02

1.39E+02
6.93E+01
0.00E+00
Contours of Velocity Magnitude (mixure) (mis) (Time=1.0000e-01) Jan 13, 2014
FLUENT 6.3 (ax, pbns, vof, rke, unsteady)

1.27E+03
I 1.15E+03
1.02E+03

8.91E+02
7.64E+02
| 6.36E+02
5.09E+02
3.82E+02

2.55E+02
1.27E+02
0.00E+00
Contours of Velocity Magnitude (mixure) (mis) (Time=1.0000e-01) Jan 13, 2014
FLUENT 6.3 (ax, pbns, vof, rke, unsteady)

(d) Zndr TAnGEIE A s 2 1

70 1

ol e UM

55 | S—

50 —a— T ¢
45T —e— MM d
40 f
g 357
S 30 f
= 25 |
®m 20 b
® st

1.0 |

05 |

or 1 1 1 " 1 " 1
0.5 0 0.5 1.0 1.5 2.0
LR EE B /m

(e) 4 FhS AT IR Vi 28 Ml 2%

B 6 4 Fk &R R oAk E R
Figure 6 Velocity diagram of the four types of nozzles

HIPE 6 (e) FT LATE HH , AL % F) T JRE 0 {1 307 g
INTREE R S ARKL , 4 TR ) W ( e, i A5 eI
A5 1 TR AN EREE A A G o TETR MR E I A SV HETE
VN EEGINESEESI R it e s I e Fa K 2
SIENE T 4 F BOCR = B AR T, 1M
HEIE A LRS54 SO B T3R5I A S 71 Uk,
MNP R ERIRRCR . R EZETIRG I, P Z (6]
Al 3, DA MG AT A R Y S U 1
TEARIRI A R E S, 2E A 1, (B 2 g ) i
JEERHRT AL /N, S T TR S ) 8 LA K o
4.2 MRAEEEENRIFM

M T Al LI 7 M EEA B A, i
ERE ) R U, 22 S T AR 0 B4 RE A e g W
{Ho MERE BT, He IR BOR A By T e K
TR ER o 4 BB AT H SR BE L A
(1% e VAR L 48 A A A ] — O B, 78 SR A SR
PN AEBE D A7 AR S0, B0 T IS B e A
Mo i B A B, Wi C e BE BRI K
W R L
4.3 FHRREERES YRR

BT AEE RS BRI AT — RE BRI T i — 2
AR RETET BT U1 1047 B TR IO v R . AR 8 Rl LR
H TR KILE A B A b BE T BT DTN 1 BN, Z )
R AR, 1R PN D IS HH R 1K 728 AERT HEA
FE NI IR R 58 S8 ORI A BE , Aol 1 R W% W s 11
TN DB, A5 28 AR HEAE NIRHR 4 ST 037
[ ISR P IRl £ B < e i B 2
BB HE AR 2 R, 38 B TR I, iR
BT R BE , DN G BE AT BT D) ) i B, B



£ 96 - FZETHI# Light Industry Machinery

2014 5 A

e b, BETE YY) R IO, MO B TAERE B RYR A9
FRo AHEL 4 BRTNE WiV a BEw YU T fe/N , 1T
c FRBE T BT VIV 1 Bk o

150
100 |-
£
<
250 |
H
=
il
00
50 +
1 1 1 1 1
0 0.5 1.0 15 2.0
LR PR /m

BT 4FERGFRATEDEN X ZRE
Figure 7 Heat exchanger wall pressure
curve of the four types of nozzles
160
140
120 |
100

80 -

60

BETIBY D)8 J3/Pa

40

20 -

0 0.5 1.0 1.5 2.0
LRI /m

A8 4FXRrFRATREDT LN X ZRE
Figure 8 Heat exchanger wall shear stress

curve of the four types of nozzles

5 4%iE

FEGRUEBIFE RS ST e 2 AN G PR 4 RS L
WSS AR B A5 0E T, BT Fluent {4 ) Realizable k-
& BERLOF PR BRI R GEmE S AR i A AT T e
REFIRAEREAEL, 2350 A 1 [R5 25 PF T, 4 Fh A R 45 4

AN [) P M 88 5 S 113 g 7K R TR A B I AS iy FL T 43

AR RETA] 7 AR A FRE T 59 U] 3 A8 4k, 8 2k 0 A 2]
1) MHE BRI B IS K 28 R ABIE 5

RETH 7 VEAE e K, 87 PR IR R T HAth 3 e s iy HL

BETHBY YN S e Ko L, AT e, 76 Rl S5 25 8, 3

FHAfE AU mE I BB 1K 2 B 4 A BRI AU
2) S B 35 50 00 B M A A A1 iR AT H At 1A

=, QmEE AT S A D13 22 0] A B T A Y

IKFEAS NN T T, BER IT IR (B 45, 32 N — 2 EARA

ST B TR) R
3) SEIE AT 4 Fh PG AN [ (I W SR 4

SRk BRI 2R e e B 3 A M S T AR T S B Y B

WARYE , RIB AR S Bir FAE 9 5 72 FUE B (A4 1L

BN sk

SE Ak

(1] Fhtk. kR BAKB KB R h¥E . THEFTHNLATLR
[J]. 4 M $ £ ,2013,35(8) :15 - 18.

2] ER, BELH ZR FEFLLPAREA B FE,
7120101094938 P].2010-06-08.

[3] #5,Z#E. 2T Fluent # 4l 4 H7 i E & TR 5 0 5 % oy &
)], £22,2012,49(6) :19 - 23.

[4] i, T LHRBTREMGESHRMI] KRS RE,
2010,38(1) :107 - 109.

[5] sk, B KSR TENKRTHRAS Y EEEN Y HR
[J]. HLE 5 JE ,2011,39(11) ;51 -53.

[6] Ewmz,kEw. BHERAIRENITERZ[I]. ot Tiks
H K ,2009,30(4) 136 —39.

(7] KR, ZTF. FETHEFWARGEAR[I]. Hld T42,2013,30
(2).185 - 187.

(8] wif, ZR&E, FWH. AR ARG RITI]. &I,
2012,30(6) :13 - 15.

(9] EZRmHAMZET . SH/T3118-2000 & 3 . T % &, 7 4t A 1
2 BT HSE[S]. b E A Ak i B ,2001.

[10] LEMOS N, LOPERS N, DIAS J M, et al

characterization of supersonic nozzles for wide focus laser-plasma

Design and

interactions [ J |. Review of Scientific Instruments,2009,80 (10) :
1-5.

[11] )3, KA. 90 LA S Bt st e % ey s 2 [J]. M
Wik t,2007,24 (11) :50 - 52.

[12] ERZE. HRKS N Fo—CFD H 4 RIE L NA[M]. 4
H 0 AE K A ,2005 0144 - 152,



