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Design of Fume Extraction Unit for RH Vacuum Refining
Furnace: A Simulation Study

Xu Haihong"
( WISDR Steelmaking Branch Wuhan 430223 China)

Abstract We addressed design optimization of the fume extraction unit pumped with fully dry mechanical
vacuum pumps and installed with RH refining furnace in metallurgical industry. The influence of the major compo—
nents including the stage /number/pumping-speed /alignment of vacuum pumps ( Roots and screw pumps) cham—
ber-volume in front of and gas-path section volumes behind master-valve leakage on the C-contents chamber pres—
sure and fume extraction capacity of a RH furnace with different refining tonnages was investigated with self-devel-
oped simulation software and exemplified with a four-stages ( comprising 13 13 8 and 8 dry pumps) vacuum sys—
tem for 300 t RH furnace. The simulated results show that the chamber-volume leakage—rate pumping speed and all
have a major impact. We suggest that the self-developed simulation software be of some technological interest in de—
sign optimization of fume extraction unit for RH furnace.
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Tab.1 Operation modes and pressure profiles of the vacuum pumps in RH refining
2.5 kPa 6 kPa 67 Pa 67 Pa 15 kPa
1 /Pa X X 2 500 ~67 2 500 ~67 X
2 /Pa X X 9 000 ~350 9 000 ~350 X
3 /kPa 40 ~6 40 ~0.85 40 ~0.85 40 ~15
4 /kPa 100 ~2.5 100 ~20 100 ~3.6 100 ~3.6 100 ~33
2 67 Pa RH
300 t RH RH
2 14 ;
91800+ 19050 16000 67 Pa
2500 m’ /h 14
13.13.8 8 o o
RH 3
o 3 .
2 300 t RH

Tab.2  Properties of the exemplified fume extraction unit
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Tab.3  Definition of the volumes of the simulation example
/m’ 1 2 3
~230
1 ~440 67 Pa 15 x10-5
a
| 2 -85 *
3 ~20 /s /s
4 ~10
805 1083 223 0.86 0.91 0.73
. i o 900 1140 300  0.85 0.9  0.75
67 Pa

15x10°°

”
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Fig. 1  Effect of the chamber volume in front of master-valve on the pressure time evolution
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Fig.2 Influence of the chamber~olume on the time-dependent C—ontent in steel
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Tab.4 Calculated results involving the different chamber volumes
/m® 184 207 230 253 276
67 Pa /s 793 799 805 811 817
805 s /Pa 65.9 66.5 67 67.6 68.1
15x107°° /s 1071 1077 1083 1089 1095
67 Pa 67/307/ 67/307/ 67/307/ 67/307/ 67/307/
/Pa 741/3583 741/3584 741/3584 741/3584 741/3584
0.86/0.91/0.73 0.86/0.91/0.73 0.86/0.91/0.73 0.86/0.91/0.73 0.86/0.91/0.73
“ ” /s 203 213 223 232 241
19 11 3 600,
- volume 396 m? b ~ volume 396 m’ \ -+ volume 396 m?
}? ‘\\\ = volume 440 m?3 18 L - vo%ume 1‘8‘2 m gggt\ \ -= volume 440 m?
\1\\ -+ volume 484 m3 gl -+ volume m "\ -+ volume 484 m?
< 16 s 4307w
515 £ el £ 400~ N
514 23l =, 350+
13 al 300
12 3t 250
11 2t 200 -
10 S 150 : : - : ‘
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Fig.3  Time evolution of the chamber pressure depends on the volume behind master-valve
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Fig.4 Influence of the total gas—-path volume on the C—content in steel
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Tab.5 Calculated results withthe different volumes behind master-valve

/m? 352 396 440 484 528

67 Pa /s 802 804 805 807 808

805 s /Pa 66.7 66.9 67 67.2 67.3

15%x10°° /s 1080 1082 1083 1084 1086
67Pa 67/307/ 67/307/ 67/307/ 67/307/ 67/307/
/Pa 741/3584 741/3584 741/3584 741/3584 741/3584

0.86/0.91/0.73 0.86/0.91/0.73 0.86/0.91/0.73 0.86/0.91/0.73 0.86/0.91/0.73
“ 7 /s 216 220 223 225 228
2.3
o 2.4 1
85,20 10 m’ 1 1
10% 10% 3 2500 ~ 67 Pa 1
o 91800 m’ /h. 13 ( 2)
L 1) L
3) 3
o 5 6 o
10000 - 110
—+-12 sets 100‘ 12 sets
j 213 sets L 13 sets
—&—14 sets —4—14 sets
£ 1000 -
g,
100 1 1 1 40 1 1 1 I 1 |
200 250 300 350 400 600 700 800 900 1000 1100 1200
time/s time/s
(a) section 1 (b) section 2
51
Fig.5 Vessel pressure as a function ofthe pumping speed of pumps in Stage-
5( a) 1 217 s. 5(b)
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Fig.6 C-content as a function ofthe pumping speed of pumps in Stage-
6(a) 1
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Tab.6 Influence of the pumping speed of pumps in Stage- on the calculated results
1 / 10 11 12 13 14
67 Pa /s 1059 939 862 805 761
805 s /Pa 85 78 72 67 63
15x10 ¢ /s 1120 1101 1090 1083 1078
67Pa 67/243/ 67/265/ 67/286/ 67/307/ 67/327/
/Pa 586/2883 639/3123 690/3356 741/3584 790/3804
0.89/0.91/0.74 0.88/0.91/0.73 0.87/0.91/0.73 0.86/0.91/0.73 0.85/0.91/0.73
“ 7 s 532 378 279 223 216
2.5 2 ( 3) 3
1 2 7 8 o
9000 ~350 Pa 2 7( ) 2
19050 m’/h. 13 2) 3
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67 Pa 1 3
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Fig.7 Vessel pressure as a function ofthe pumping speed of pumps in Stage-1l
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Fig.8 C-content as a function ofthe pumping speed of pumps in Stage-I
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Tab.7 Calculated results involving the pumping speed of pumps in Stage II
2 / 10 11 12 13 14
67 Pa /s 850 832 817 805 796
805 s /Pa 71 69.4 66 67 68
15x10°° /s 1095 1090 1086 1083 1080
67 Pa 67/373/ 67/347/ 67/326/ 67/307/ 67/290/
/Pa 707/3431 720/3488 731/3540 741/3584 748 /3618
0.82/0.93/0.73 0.84/0.92/0.73 0.85/0.91/0.73 0.86/0.91/0.73 0.87/0.9/0.73
“ 7 /s 262 240 228 223 219
100000 290
—-7 sets -7 sets
-=-8 sets &8 sefs
—4-9 sets 240 ——9 sets
10000 |-
5\3 o\‘f 190
oY oY
1000 -
140
100 1 1 1 1 1 1 ] 90 L L I I L
0 50 100 150 200 250 300 350 300 350 400 450 500 550 600
time/s time/s
(a) section 1 (b) section 2
9 3
Fig.9 Vessel pressure as a function ofthe pumping speed of pumps in Stage-Il
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Fig. 10 C—content as a function ofthe pumping speed of pumps in Stage-II
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;805 s 2 3
67 Pa 1 3

0.8x10°°



222

39
. 20x10°° 6 9 4
1 3 2 13s 8 o
10 s 2 935 s. 2.7 4
3 1 4 100
~3.6 kPa 4
. 3 3 2500 m’ /h- 8 ( 2)
L 1) Lo
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o 2
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Tab.8 Calculated results involving the pumping speed of pumps in Stage 111
3 / 6 7 8 9
67 Pa /s 843 820 805 795
805 s /Pa 70.7 68.5 67 66.1
15x10 ¢ Is 1117 1097 1083 1073
67 Pa 67/314/ 677310/ 67/307/ 6717304/
/Pa 916 /3565 816/3578 741/3584 681/3586
0.86/0.88/0.78 0.86/0.9/0.75 0.86/0.91/0.73 0.86/0.92/0.7
“ 7 /s 253 235 223 213
100000 300
-7 sets -7 sets
—&-8 sets —&-8 sets
-9 sets —4-9 sets
10000
< <
& &
Y X
1000 +
100 1 1 I 1 1 ] 150 1 I I I ]
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Fig. 11 Vessel pressure as a function of the pumping speed of StagedV pumps
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Fig. 12 C-content as a function ofthe pumping speed of pumps in Stage-dV
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11( a) 4 12('b)
3 1 3
1 0.2
. 11(b) x107° o 20 x10°°
310 s 3 3 2
2% ; 805 s 2s 2s 2 935 s,
2 67 Pa 4
1 3
67.3 66. 8 Pa 1 3 o 4 3
67 Pa 2 o
3s 2 s, 4 6 9 4
12( a) 3 9 o
9 4
Tab.9 Calculated results with the pumping speed of pumps in Stage IV
4 / 6 7 8 9
67 Pa /s 813 808 805 803
805 s /Pa 67.7 67.3 67 66.8
15x10°° /s 1089 1086 1083 1081
67 Pa 67/310/ 67/308/ 67/307/ 67/306/
/Pa 823 /4768 776 /4095 741/3584 714 /3186
0.86/0.9/0.65 0.86/0.9/0.69 0.86/0.91/0.73 0.86/0.91/0.76
“ 7 /s 228 225 223 221
2.8 3) 3
13 14 o
~ o 13( a)
. . 13(b)
50 Nm’/h ( 2) 805 s 2
20% ( 1) 20% ( 67 Pa 1 3
105 85
-4 40 Nm’/h { -+-40 Nm’/h
= 50 Nm’/h 4 =50 Nm’h
" -+ 60 Nm*/h r -4-60 Nm'h
g £ 65
2 B
10°
55+
102 1 1 1 L 45 1 1 1
0 100 200 300 400 500 700 800 900 1000 1100 1200
time/s time/s
(a) section 1 (b) section 2
13

Fig. 13

Vessel pressure vs the leakage
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65.8 68.3 Pa 1 20 x10°°
3 67 Pa 3 2 1s 2s
2 13 s 14 s, 2 935 s,
14 3
1
3 2 o 40 60 Nm'/h 3
0.1x10°° ; 10
450 g 24 -
-=-40 Nm’/h -= 40 Nm*/h
400 ~-50 Nm¥h 224 — 50 Nm*/h
—A 3 —k 3
350 | 60 Nm*/h sl 60 Nm*/h
= e
T 300 | 2 18f
Q Q
k= =
S 250 | S 16}
200 | 14}
150 L L L 1 L ] 12 ! i ! I i |
50 100 150 200 250 300 900 950 1000 1050 1100 1150 1200
time/s time/s
(a) section 1 (b) section 2
14
Fig. 14 C-content vs the leakage
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Tab. 10  Calculated results with different leakage
/Nm® /h 40 50 60
67 Pa /s 792 805 819
805 s /Pa 65.8 67 68.3
15%x10°°¢ /s 1082 1083 1085
67 Pa 67/307/ 67/307/ 67/307/
/Pa 741/3584 741/3584 741/3584
0.86/0.91/0.73 0.86/0.91/0.73 0.86/0.91/0.73
“ 7 /s 220 223 228
1
3 3 N 2
. ; <15x10°°
AY Y 3
AY 1
““ » . “ »
1 3
67 Pa N <15 ;
X 10 -6 « ”
3
11,
67 Pa 14
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12.12.7 10
12 . 15%10°° 19 s 1.5%x10°°
3 29 s o
11
Tab. 11 Calculated impact of the components mentioned above
+10% —6s/ +6s —6s/ +6s -10s/ +9s -0/+0
+10% —-1s/ +2s —-1s/ +1s -3s/ +2s -0/ +0
+10% -0s/ +0s -0s/ +0s -0s/ +0s -0/+0
1 +7.7% +57s/ —44s +7s/ —5s +56s/ -7s +0.01/-0.01""
2 £7.7% +12s/ -9s +3s/ -3s +5s/ —4s -0.01/+0.01"2
3 +12.5% +15s/ -10s +14s/ -10s +12s/ -10s -0.01/+0.0173
4 +12.5% +3s/ =25 +3s/ -2s +2s/ =25 —-0.04/ +0.03"*
+20% —-13s/ +14s —1s/ +2s -3s/ +5s -0/ 40
1 | k32 x4 03 .
12
Tab. 12  Calculated impact of the components involved the simulation example
1 2 3
67 Pa /s 15 x10°° /s /s
805 1083 223 0.86 0.91 0.73
900 1140 300 0.85 0.9 0.75
868 1102 282 0.86 0.91 0.8
(3)
RH
RH S
4 o
\ (4)
N RH 0
(5)
(1)
1 M .
1999
(2)
2 2011 ~ 2020
M . 2012:87
! 3 .VD/VOD J .
2013 42(5) 165 - 68
' 4 ( )
RH RH J. 2011 21(4):

43 —48



