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Numerical simulation on thermal deformation of water-cooling pipe for radiation
screen in radiant syngas cooler

ZHANG Guoyu, XU Jianliang, GONG Yan, GUO Qinghua, YU Guangsuo

(Institute of Clean Coal Technology, East China University of Science and Technology, Shanghai 200237, China)

Abstract: Coal gasification technology is an effective way to the clean and efficient utilization of coal, the entrained-flow
gasification process with radiant syngas cooler (RSC) can effectively recover the sensible heat from high temperature syn-
gas and improve energy utilization rate. The radiation screen adopted inside the RSC is not only keeping the overall struc-
ture compact, but improving the heat transfer area greatly. In order to study the thermal deformation of the radiation screen
in the RSC under gasification operating conditions, a three-dimensional radiation screen model is established by using the
fluid-structure coupling principle to simulation analysis. The simulation results show that under normal operating condi-
tions, the temperature of the whole water-cooling pipe reaches the maximum value at 5.30 m from the top. In the circum-

ferential direction, the surface temperature of the pipe 1 closest to the center of the RSC is parabola distribution. Temperat-
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ure in the middle of the fire-facing side is the highest, and the maximum temperature difference between the fire-facing
side and its back side reaches 60 K. Due to the cooling action of adjacent water-cooling pipe, the surface temperature of
pipe 2—5 becomes bimodal distribution. The spatial arrangement has direct effect on the surface temperature distribution of
water-cooling pipe. The local deformation of pipe 1 closest to the center of the RSC in water-cooling pipe without fixed is
the largest, which is 5.20 cm. Maximum offset in & direction is 4.58 cm, far exceeding the pitch of water-cooling pipes,
and the collision between water-cooling pipes is prone to occur. The overall deformation arises after water-cooling pipe is
fixed. Maximum thermal deformation of water-cooling pipe with fixed is 3.28 cm, which is 36.9% lower than that of water-
cooling pipe without fixed. The relative shift in the m direction basically disappears. Local deformation between the water-
cooling pipe is smaller than the distance between the pipes. The occurrence of collision between water-cooling pipes is
disappeared for the fixed action of the fixture. The changes of inlet syngas temperature and surface deposition affect the

surface temperature gradient and deformation of water-cooling pipe with varying degrees, the offset direction is /2 side of

the water-cooling pipe.

Key words: radiant syngas cooler; water-cooling pipe; thermal deformation; numerical simulation
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Fig.1 Three dimensional structure model and computational model of the radiant syngas cooler
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Fig.2 Heat transfer model of water-cooling pipe
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Fig.7 Circumferential temperature distribution of water-cooling pipe at different positions
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Fig.10 Thermal deformation analysis of water-cooling pipe with fixed



% 6 40 T RV 25 RS 0 P R B AR VA PV T B A DL 5 2903
750 F i
720 —— T
720 b L2
690 - —— T3
L 6ol y T4
) 660 -
ZE 660 =
sl 630 |
600 F . . . . 600 |
0 5 10 15 20 0 5 10 15 20
Z/m Z/m
(a) W% oA (a) W% A
33 ¢ 16 35+ 18
£ E
| ; i
g 30 17 @ c28f 19 =
R £ s 2
v | le & Y jﬂ*
b4 o % =
o4 . 9T X 2
4 K 14+ 111 %
i3 'E
il
21F . . . ] 10 07} - 112
1373 1473 1573 1673 1773 1 5 3 4
O IR /K T
b) HATE 7 2
(b) HAF I3 A (b) R4 Hi

P11 ANTRIA I L X T ) 7K v A R AR AR T B 52 )
Fig.11 Influence of different inlet temperatures on temperature
and thermal deformation of water-cooling pipe with fixed
£3 FRTRTREAREE
Table 3 Surface deposition thickness under different

working conditions

T K2 /mm B2 /mm
1 0 0
2 0.5 1
3 0.5 2
4 0.5 3
4 4 it

(1) ZK¥A 45 R T IR B  l 1m Jr 1v) 1 JeT JE BRI,
FE 5 m A2 AT AN A IR e e, T S R B AR 1) 7 )
e A R R ARG . 1 5 R IR B A £k
FEA3AT, 75 00kb i 2 Bk s 2~ 5 5 A8 2 THT Il WL
R, FEAE 2 AR RS, HRIAE /2 Fil-m/2 Ak

(2) e IR EERE P IEE A R A T, SRk
EREDE, Hoh | SRR RKIVEIL 78 5.20 cm,
16 7 )5 1) b i KA B 4.58 em, B K A4 ],
IRV Z IR 25 5 e -l

(3) FET A A E KV R, FEAH R AR
7 81 52 A 7K VA A RS AR B Dl 1] /2 5[], e R FAVAR

P12 ARG L X T 2 A 7K v Al B AP I B 2 i
Fig.12 Influence of different deposition thicknesses on
temperature and thermal deformation of water-

cooling pipe with fixed

JE &t 3.28 em, B NN E MUK /N 36.9%, 1 5 1E ©
J5 ] b WA RS FEAR T O o 1 0 0 A7 A K R AR K
VG 22 1) S A AR A RS <

(4) 77 81 5 0 7K A 78 2 T VR P L R Ao B Bk 1
TELE R TGN, fe I AR B A KR B,
g 1) 7K VA5 B /2 A, BR824 SR AR R e ks
BN . FR T R U A A7 AE PR AR K V45 e Tl iy
TR P s R e K AR T i, EAR TR A R [ AR

AAZ,
5 % 3 #K (References):

[1] LU Y, LI Z, ZHANG M, et al. The application of thermal-calcula-
tion methods in the design and syngas prediction of entrained-flow
coal gasifiers[J]. Energy Conversion and Management, 2021, 245:
114627.

[2] CHAI H, GENG F, WU X, et al. Numerical investigation of gas-li-
quid two-phase flow in a quench chamber of an entrained flow gasifi-
er[J]. International Journal of Hydrogen Energy, 2017, 42(9):
5873-5885.

[3] sKaFE, MR, sRRE, 4. B RSC PRI HIBUZ 251 .
FERRSIHT[I]. BEBAFAR, 2021, 46(12): 4045-4053.

ZHANG Yan, LE Kai, ZHANG Xinru, et al. Analysis of structure,


https://doi.org/10.1016/j.enconman.2021.114627
https://doi.org/10.1016/j.ijhydene.2017.01.038

2904

%X

% 2024 4E5F 49 %

(4]

(5]

(6]

(7]

(8]

[9]

[10]

(1]

[12]

[13]

[14]

composition and heat transfer of ash sediment layer in coal gasifica-
tion RSCIJ]. of China Coal Society, 2021, 46(12):
4045-4053.

WANG L, XU J, WEI J, et al. Numerical simulation of radiant syn-

Journal

gas cooler with different connection to entrained-flow gasifier[J]. Ap-
plied Thermal Engineering, 2022, 201: 117804.
XIEK, IRV, IGCC IR MBI TR S MR PR 22 (0], $9 P HoR,
2017, 48(4): 6-10.
LIU Jianbin, WU Xiaojiang. Study on structural characteristics of 1G-
CC waste heat Boiler Engineering[J]. Boiler Technology, 2017, 48(4):
6-10.
KR 2%, PRed2e, 2L, 45 IR SR A IR T R 5 DU B
TR LLAR[]. WA, 2016, 22(3): 108-111.
ZHENG Yalan, LIN Yian, LI Chunhong, et al. Comparison of single
waste pot and double waste pot processes for wet air flow bed gasi-
fication[J]. Clean Coal Technology, 2016, 22(3): 108—111.
B~ e 1IGCC 21 It H RS s AR e [7]. BANAL T, 2021,
41(11): 197-200.
HUANG Xibing. Selection of coal gasification technology for IGCC
polygene ration Project[J]. Modern Chemical Industry, 2021, 41(11):
197-200.
ZHANG P, XU C, KUANG J, et al. Investigation on the ash depos-
ition of a radiant syngas cooler using critical velocity model[J]. En-
ergy Reports, 2020, 6: 112—126.
UEBEL K, GUENTHER U, HANNEMANN F, et al. Development
and engineering of a synthetic gas cooler concept integrated in a
siemens gasifier design[J]. Fuel, 2014, 116: 879—-888.
TR, SRR, VP R, AR RO ORE S AR I I B 4 A
BEHUBISE]. BB, 2018, 41(5): 65-72.
WANG Lei, GUO Qinghua, XU Jianliang, et al. Study on fin struc-
ture simulation of radiant waste pot gasification in radiant cooling
process[J]. Coal Conversion, 2018, 41(5): 65—72.
QIU J, GUO Q, XU J, et al. Numerical study on heat transfer and
thermal stress of the upper cone membrane wall in radiant syngas
cooler[J]. Applied Thermal Engineering, 2020, 169: 114845.
LI X, GONG Y, ZHOU Z, et al. Simulation of radiant syngas cool-
ers and comparison with various arrangements of the entrained-flow
gasifier[J]. Chemical Engineering & Technology, 2016, 39(8):
1457-1467.
WANG B, QIU J, GUO Q, et al. Numerical study on the effects of
homogeneous reactions on the composition distributions of syngas
in radiant syngas cooler[J]. Applied Thermal Engineering, 2022, 210:
118307.
WANG L, QIU J, HE Q, et al. Performance evolution of industrial
radiant syngas cooler with radiation screens using numerical simula-
tion[J]. The Canadian Journal of Chemical Engineering, 2023,
101(1): 492-503.

[15]

[16]

[17]

(18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

T, SR, SR, A UKV BERR SR R 0 32 AT R
TSRO AELE BN, 1EEEAR, 2015, 33(2): 172-178.

TAN Jianyu, ZHANG Yanjun, WU Shaohua, et al. Numerical pre-
diction of particle wear on heating surface of double-layer water-
cooled radiant waste heat boiler[J]. Energy Conservation Techno-
logy, 2015, 33(2): 172—-178

T, AR, SRPRAE, SRR B N S PR R v 2
IS BB, FA L2 TR, 2012, 26(1): 61-68.

YU Guangsuo, NI Jianjun, GUO Qinghua, et al. Cold state measure-
ment and numerical simulation of gas-solid two-phase flow field in
radioactive waste pot[J]. Journal of Chemical Engineering of
Chinese Universities, 2012, 26(1): 61-68.

NI J, YU G, GUO Q, et al. Experimental and numerical study of the
flow field and temperature field for a large-scale radiant syngas
cooler[J]. Industrial & Engineering Chemistry Research, 2010, 49(9):
4452-4461.

LI X, GUO Q, QIU S, et al. Numerical study on the performance of
an adapted radiant syngas cooler with water spray for entrained-flow
gasifier[J]. Asia-Pacific Journal of Chemical Engineering, 2016,
11(2): 246-257.

SAZHIN S S, SAZHINA E M, FALTSI-SARAVELOU O, et al.
The P-1 model for thermal radiation transfer: advantages and limita-
tions[J]. Fuel, 1996, 75(3): 289—294.

HOFGREN H, SUNDEN B. Evaluation of planck mean coefficients
for particle radiative properties in combustion environments[J]. Heat
and Mass Transfer, 2015, 51(4): 507-519.

ANA Z F F, JENSEN P A, et al. Heat transfer in ash deposits: A
modelling tool-box[J]. Progress in Energy and Combustion Science,
2005, 31(5—6): 371-421.

QIU J, GUO Q, WEI J, et al. Numerical simulation of heat transfer
and a forging plate structure in a radiant syngas cooler with radi-
ation screens[J]. Industrial & Engineering Chemistry Research, 2020,
59(37): 16483—-16491.

BRGNS, SRPRAE, VPR, 45, AUURIR AR 1 1 LT 52 Pk v
BERUERIN]. FRefe TR, 2019, 33(1): 48-54.

QIU Jianyong, GUO Qinghua, XU Jianliang, et al. Numerical simu-
lation of single-side heated water cooling wall of radiant waste boil-
er for gas bed gasification[J]. Journal of Chemical Engineering of
Chinese Universities, 2019, 33(1): 48—54.

TANG S, DING L, ZHAO Z, et al. Dynamic modeling and improve-
ment on ash deposition and thermal-hydraulic characteristics in a
waste heat boiler of cement kiln[J]. Applied Thermal Engineering,
2022,213: 118826.

BALAKRISHNAN S, NAGARAJAN R, KARTHICK K. Mechan-
istic modeling, numerical simulation and validation of slag-layer

growth in a coal-fired boiler[J]. Energy, 2015, 81: 462—470.


https://doi.org/10.1016/j.applthermaleng.2021.117804
https://doi.org/10.1016/j.applthermaleng.2021.117804
https://doi.org/10.3969/j.issn.1672-4763.2017.04.002
https://doi.org/10.3969/j.issn.1672-4763.2017.04.002
https://doi.org/10.1016/j.egyr.2020.04.015
https://doi.org/10.1016/j.egyr.2020.04.015
https://doi.org/10.1016/j.fuel.2013.03.020
https://doi.org/10.3969/j.issn.1004-4248.2018.05.011
https://doi.org/10.3969/j.issn.1004-4248.2018.05.011
https://doi.org/10.1016/j.applthermaleng.2019.114845
https://doi.org/10.1016/j.applthermaleng.2022.118307
https://doi.org/10.1002/cjce.24383
https://doi.org/10.3969/j.issn.1002-6339.2015.02.018
https://doi.org/10.3969/j.issn.1002-6339.2015.02.018
https://doi.org/10.3969/j.issn.1002-6339.2015.02.018
https://doi.org/10.3969/j.issn.1002-6339.2015.02.018
https://doi.org/10.3969/j.issn.1003-9015.2012.01.011
https://doi.org/10.3969/j.issn.1003-9015.2012.01.011
https://doi.org/10.3969/j.issn.1003-9015.2012.01.011
https://doi.org/10.1002/apj.1961
https://doi.org/10.1002/apj.1961
https://doi.org/10.1002/apj.1961
https://doi.org/10.1016/0016-2361(95)00269-3
https://doi.org/10.1007/s00231-014-1431-0
https://doi.org/10.1007/s00231-014-1431-0
https://doi.org/10.1016/j.pecs.2005.08.002
https://doi.org/10.3969/j.issn.1003-9015.2019.01.006
https://doi.org/10.3969/j.issn.1003-9015.2019.01.006
https://doi.org/10.3969/j.issn.1003-9015.2019.01.006
https://doi.org/10.1016/j.applthermaleng.2022.118826
https://doi.org/10.1016/j.energy.2014.12.058

	1 模　型
	1.1 物理模型
	1.2 数学模型
	1.2.1 流动模型
	1.2.2 传热模型
	1.2.3 等效应力模型


	2 边界条件与网格独立性检验
	2.1 边界条件
	2.2 网格无关性检验

	3 结果与讨论
	3.1 模型验证
	3.2 辐射屏水冷管的温度和热变形分析
	3.3 带固定的水冷管模型的热变形分析
	3.4 入口温度的影响
	3.5 表面颗粒沉积的影响

	4 结　　论
	参考文献

