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Abstract — The efficient steam drum should be required to reduce carbon oxide emissions and heat recovery in oxy-
gen converter hood system. However, steam generation is limited to the time of the oxygen blowing period, which is
intermittent or cyclical in operation of steel-making process. Thus, steam drum should be optimized for an effective steam
generation during the oxygen blowing portion of the converter cycle. In this study, a three-dimensional computational
fluid dynamics (CFD) model has been developed to describe the impacts of changing various operating conditions and
geometric shape on thermo-fluid characteristics and performance of the steam drum. This model encompasses not only fluid flow
and heat transfer but also evaporation and condensation at the interfacial surface in the steam drum by using VOF (Volume
of Fluid) method. To validate the prediction performance of this model, comparison of the steam flow rate between
numerical and experimental result has been performed, resulting in the accuracy of the relative error by less than 3.2%.

Key words: Oxygen Converter Hood, Steam Drum, Steam Flow Rate, Volume of Fluid, Evaporation, Condensation,
Computational Fluid Dynamics
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Fig. 1. Pumped circulation loop of HRSG in the oxygen converter.
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Fig. 2. Three-dimensional computational grid system of the steam drum for the CFD simulation.
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Table 3. Comparison of steam flow rate for with or without baffle plate
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. w/ Baffle 27.08 standard
Baffle Mounting
w/o Baftle 26.87 -0.8

o} Ik, 53] fr9)e) W] 2 s, whle] A% A o
1ol F19)-7 53t Eatolste] v Bk Egio] o] FolA| 3

o 1%

Fig. 501 2ol k= 6709 T71 FE 71,1002 &S
9] HrE strfstol et wiET TS =
B 5719] 4101 DAITR= F AT (S, o) T AdTH 02
FrE<eado] Zar i Al viEE a1 gl viste] MilEEE 5719
el W E7F BE A7 Bl EH(S,1~S W)
59 5= ET SrellA wlelE Qlsto] & Al elo] Ay
slo] o] A skl QS-S B 4 otk uwhebA] Hu)
o F7IEES 47] flaiM = 71999 e e d=el
glato] A A E sl T7] 27 ATl g o
& st ejAlsteiof it

& Aol AR A RLEl ) RS S5
AelA S Fal Ak d SR A ST =RelM 5
7S vlarsto] Fig. 60l JERISITE A3z E g4
oF 120% o] %ol A deloll =2asi on Addvkel nlagt ol

QA= 3.2% oW E LFER

3-2. ¥ g}
oo T RE WE SEE §UEE V¢ EHER FE

S - : T Y A
B o B
- W)
R Py et el D o ,‘f\v
< PP I B 5 T W 1~ ol e K
\

A\l

0.00000

0.20000

Iso-surface :

0.00000 1.0000

Vector arrow :

Volume Fraction of H20
0.40000

2.0000

0.60000 0.80000 1.0000
Velocity (m/s)
3.0000 4.0000 5.0000

(b) w/o baffle

Fig. 7. Longitudinal section plots of vapor concentration, velocity vector field in the steam region and particle streak lines in the region of

steam (with or without baffle).

Korean Chem. Eng. Res., Vol. 54, No. 4, August, 2016



Eabe A2 27159 o] 330 9 FF SN mE 485
=4 el YA Holgl: ARG EAEEFNS) PIEE 413} 2R SR 719 SEARLIL BRASAL T 5 910
Ny le] 7} oo

o 1

7] lste] dA| gt AH el fel] i F71EH Ui o 5
gl ST EEe] o] S B ol gt s R ElS o] §-5)o]
o5 #4313}, Table 3 271 =8 UE2] A1 Gl wle} 5
F AAZEAG AFglo] AL SRS H w3 AHE Kol
Ftt. Avlo] Ak 9] F7IARe] EAIBHA 9= 7ol vl
3| oF 0.8% T7Feoitt. Rk Ak AE $lsto] Fig. 70l ABe]
ol whe S FoddhdclA o] 7]4 7t el A 9] KAt
AT A A 2] F719) F s YERASITE 94 Fig. 7(a)
ol ®Zzo] Ao EAE B-2] T7199 W £Ee] 52
TS Toto] W <k Vg EFEC] AY 5 BAYE Fof
Ealvo] AfFH o T SR 9 22ox] 920 7 FH-Fo]
FgE]o] glo s, ~S 0] & wiAuIch, 3 AW 55
&2 wEUE AT A 02 oFet f5- Wt B SRR FE o]
Syss S =T WIEH 3L Qlrk. o] Yojuh= A oA 4
O F FA BHE FAekL Atk AFREEoe el sl oo
ol FHAAE Sleto] #3802 §5E 75 E8E] )

THTOE U s die 199l Fet
TAE] GolellA Al dRs E7E wA vt

A= HS
7k Slae & 5 Sl

A= AR Fig. 7(b)°] 7895 K, Aol & whart 9
A} Qs 1 o glem ol s RN f]lHE 715 &
Feol vk AHFEA LR sshy] wheolvh wEbA et 4l
T F1% AR el sk g E vk 371999 SRS B
A o] EABR= 7ok thEAl FfEe FAH] 9 e
W SR fIEE Ve el Atk A9
of w2 S7I5 Rt FAdEe] glom Yl EdEe] frsiol v
v)gt golQl 295 mAjE] Jojellrs K om v Hro 5
71 eto] EAISL SIet. webA AMo] Sl Z-5-oll vlal] AhaE

(a) w/ baffle

0.00000 0.20000
Iso-surface :

0.00000 1.0000
Vector arrow :

Fig. 8o 9, SC2l FAHFHE 7| o2 o T2 7|4 7+
FAU ] &I} AFEHANM L 5719 FEEEE YR
t}. WA, Fig. 8(a)2] A8 o] e A¢E AUT=E o2 7+ &
o] Aol FLls|n ol 2 5= A
Z3lz} A Aeko 7 A g)sln] S5y
A EHAA B s SEREE P = 9)om g FV|Y
Aol L3 HET T F5A4F glo] F7E WAL 5= QT
A, Arlo] gli= Fig. 8(byg Bl FY== 71 =3=o] vk= 2k

(e}

ke

RS B S e HE5 WS Bl e o sPrE e
@7dsh =1 W Eaphs} 29E L gl = otk 5719 &
EEb e s A oR 2 Sudoo] EATE
& Qlnk A=, ol d AR e, 1= A A f9lEe
71 EEd 58 o] 2atuke] 9t e S 19
el 2 &= A g e T AAIA Y= & A

BEle Z7| =8 A Al ST ME T 8L 7 |e EeEl]
U 28 W RS 91A) 8L 718 HAgtehstl
7 g4 Ao 7gig & Qit.

:(O o
ol
i

(b) w/o baffle

Volume Fraction of H20
0.40000 0.60000 0.80000 1.0000

Velocity (m/s)

B

3.0000 4.0000 5.0000

Fig. 8. Cross-sectional plots of vapor concentration, velocity vector field in the steam region and particle streak lines in the water region.
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Nomenclatures

D : diffusivity
g : gravitational acceleration
h  : heat transfer coefficient
k  : conductivity
n :normal direction
r :radial direction
R :radius of cylinder
P : pressure
t  :time
X : position in space

y+ : dimensionless normal distance from wall
p  : density
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3% A

L viscosity
v : kinematic viscosity

c, : specific heat

¥ : species mass fraction

V@ gradient

Nu : Nusselt number

Pr : Prandtl number

Ra : Rayleigh number

Subscripts

air : air

eff : effective

g :gas

i,j :coordinate

[ :liquid

s :surface

sat : saturation

v :vapour

sur : surface

surr : surrounding

o :reference

© : ambient
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