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Effect of Operating Pressure on the Heat Transfer and Particle Flow
Characteristics in the Syngas Quench System of an IGCC Process
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Abstract >> In a coal gasifier for IGCC, hot syngas leaving the gasifier at about 15500C is rapidly quenched
by cold syngas recycled from the gas cleaning process. This study investigated the flow and heat transfer
characteristics in the gas quench system of a commercial IGCC process plant under different operating pressures.
As the operating pressure increased from 30 bar to 50 bar, the reduced gas velocity shortened the hot syngas
core. The hot fly slag particles were retained within the core more effectively, and the heat transfer became more
intensive around the hot gas core under higher pressures. Despite the high particle concentrations, the wall erosion
by particle impaction was estimated not significant. However, large particles became more stagnant in the transfer
duct due to the reduced gas velocity and drag force under higher pressures.
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Nomenclature X : silica content in particles, kg/kg
a : impact angle
) : 3
A - wall surface area, m’ o : density, kg/m
K : constant 0, :yield stress, Pa
M : mass, kg
v : particle velocity, m/s Subscripts
T : temperature, K
ferosion  : erosion property . . .
hee * erosion rate. my/s erosion : particle erosion
e ’ m : material property of target wall
p . particle
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S

Fig. 1€ & @704 o sh Aehas)
2L Uepd 1oleh. mlR1olA oF 2~100me]
F7]2 TSR HerlxP= ASU (air separation
unit) ol A FAE Abaxof A g9l b7 E I A
WA 25719 et Wl heplr)E BEE
- olu] T AlSHAIeh wlRehe: 7EA3E] Yol A
oo] Aavhgt 7kas) M-S B AL
GEE

7k2str1o A B a1(1550C) 9] g7k
7p28}7) Akl AXE w¥ute]Z(quench pipe)S
AHN dAAeR Fo] B, o)4E E(ranster
duct)E 3| gA7EA WZH71(SGC, syngas cooler)
o 213Is7] e,

o

i)
I

K

rzi

SGCA] chete] dmsly| 2 Fa) W2 Aat
sl AT AH FHo) o] gAulel FEch
o uf AR kAt FeutolLe] ¢ Zwo

2350} SA7FA0] Wzt AREHL)E 7fAS] &

& 370N 7R ol 23k Mt Lol
O3} wjirel Sefj7lo] LAA ] AlZd A E St

o5 7] Hi2ol ks et YA 5Ee T

ofsh= Zlo] sttt Eek A8 7HAg = 20-60

bar9] J1QtoflA] A==, A4 7]EtE o}ﬁ]/ﬂ =
- o 370 24 ARl et e |



7he] WS} f A 7
52 AR ol hE &4
Aol Bastel.
300MWed Aet7}AslE g

“sfo] e} o] S ES

Z] 3L
)

7pesl) A Fegmtolzer ol slotket
% QA3 4474 Fig. 20 ey 7123t
719 oI L L0 FEALE SHlH F
RIEH 7 71 (quench gas)of B} 4]
WEL Yo hak FQT SHoR ReH,

Feuto] o] ol 279] of 10uo]c}. Futo]

T ek dAgE Zte g A o] FYE+= Fig
1] YEhY ¢l GRC (gas reversal chamber)?} 12
gJuf, 71 Zo)= %7 oF 6eujolct. AEere st

o g F3FE TS| {lste] 30, 35, 40, 43, 50
bar (absolute)®] 5714 HALE 34sIich

Table 12 g7k 9 H]AL So)1o] G 2%
g 57] %gg& Ueld Aotk kg 7lA0] 2AL
A% E&5 7|92 CO 0.81, Hy 0.02, CO, 0.029]
o Srke R Wzvee] e 247 1550C,
250C oz HAsiglet. AR 7hA3] &7 &5
Qreloll uhe wkg B4 wsjo] et ek 4 gle
2 ATeldE 7S 55 B AlL"el 24
23 glo] ol matA Ytk Ariaet @
Adsk= vlat S ARRe] RS A ofeat
e 245 993 S A(flux) FATF 30%0f| 3
ok 1.84kg/s 02 A RRe] W= 2800

kg/m’, H]92 Mills and Rhine] 2dS o] 85}0]

]

ut

eflold - RS upg 99

Cross-section

Refractory
+ Membrane wall

Membrane wall

Quench pipe

<:| Quench gas at 250°C

Syngas at 1550°C

Fig. 2 Geometry and mesh of the quench pipe and transfer
duct

Table 1 Gas and particle mass flow rates

Load 100% Load 50%

Flow (kg/s) 53.40 26.70

Syngas ; .
Temp. 1550C 1550C

Flow (kg/s) 59.70 29.85
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Temp 250C 250C

Fly slag | Flow (kg/s) 1.84 0.92
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