30 6 Vol. 30 No.6
2015 11 JOURNAL OF ENGINEERING FOR THERMAL ENERGY AND POWER Nov. 2015
£ 1001 —2060( 2015) 06 - 0837 - 05
( 300074)
CFX
)
TAPWS TF97(
) CFD
: 117 mm
150 mm 1
; 23 MPa 400 - 600 C
1 o
: : : 1 050 mm 16 x2 1
K172 A 15 mm 0.008 2 m’,
DOI:10.16146/j.cnki.rndlgc.2015.06.002 50 mm 150 mm
0.012 2 m’ .
(
) 1-2
1
o Fig. 1 The physical model of heat exchanger
CFD( )
2
. . Gambit ( )
3-9 118
10 102
12014 - 12 -09; 12015 -04 -01

(1989 —)



° 838 ¢

2015

ANSYS CFX 13.0
IAPWS

energy ( )
P1

gidaspow

0.000 2 m* « K/W,
MPa
mm 0 Pa(
16

MPa 370 C

1074 .
300

RMS

0.002 26 m* .
24.1 MPa

500 C

6.27

1% CFD

1
Tab. 1 The experimental verification of pressure

drop values under different feeding conditions

[APWS [F97
11
° 1% Ic
/MPa /MPa
6.27 20 500 0.139 0. 140
thermal 5.28 15 600 0.211 0.213
4.17 10 600 0.127 0.128
k-¢
3.2 /
370 C
570 C
o 0.3 kg/s
° 0.15 kg/
570 °C 23 Bre
2 o
8 117
23 MPa) . ’
o 0.3 kg/
16 B
23
IR RS BRI BT o TR 4
1.000e+000 (a) FEFERAR0.6 ke/s HRME 0.3 ke/s
7.500e-001 —
600 5.000e-001 (b) AERHL0.6 ke/s EFRW R 0.15 ke/s
2.500e-001,
0.000e+000
2
Fig. 2 Distribution of water mass fraction
in supercritical state of pipe side
23 MPa
20 m 12 0 Pa
3.
0.3 kg/s 0.15
kg/s o
0.139 MPa .
0.14 MPa 0.3 kg/h 650. 76 K

7.6 C. 4 o



6 - 839 -
K7
60514001 () 25 30,6 kefs BFRRWERE 0.3 ke
4.538e+001: °
3.025e+001"""""" 1
T b) AR R0.6 ks B 0.15 ks 50 mm
1.5136400 | cmm——— 6 .
0.000e+000
30
3 £ BT
=
Fig. 3 Relative pressure distribution in pipe side T 227
ﬁ,_:' 15
TR 2 e s 2 owr
6.5000+000 &) TR0 ke/s HEETLE 0.3 ke/s ﬁg
64830 — ! o
6.465¢+002  (b) RV R0.6 ke/s BRRMA 0.15 ke/s 0 L L L . s
[(EERS——————————— = 0 0.2 (;:ﬁ . 2"6 0.8 19
6.430e+002 o B kg * s
‘ (a) FERLIEREBIZERE RAO2EAL
4 830
/I/.
Fig. 4 Temperature distribution in pipe side ” S0 /
= 810f
3.3 O 800f
=
0.075 kg/s 1.0 kg/s §§ 790
. 5 780
770 1 1 1 1 1
° 0.0 0.2 0.4 0.6 0.8 1.0
AL s EL -1
0.075 kg/s 1.0 kg/s BN A/kg - s
8 8 (b) FEREE R XA 3R O3
: 30
° 25
<
° E 20
S
o SEREA
&
£ of
il
o 2 57 .’./-/
3 . 4 0 1 1 1 1 1
0.0 0.2 0.4 0.6 0.8 1.0
%ﬁﬁ%/kg e gl
(c) ARZERETWREERARE
° 5 .
0. 15 kg/h
8 > Fig.5 Shell side pressure drop.the temperature
117 mm 6 ~ of the outlet and heat transfer coefficient under
150 mm ° various flux in shell side
6
586 Pa 405 Pa 8
7

790 K o



. 840 » 2015
N i3 ﬁlETJEEIU
i) HAIEE117 mm ——— i ot
6.220e+002
550804002 l 1.000e+000
4.976e+002
4.354e+002
3.732e¢+002 I 7.500e—001
3.110e+002
2.488e+002
1.866e+002
1.244e+002 [ 5.000e-001 g
6.220e+001 Y N
0.000e+000 ' L M N
e+ 0.200 0.4,00(m) QZX 5000001 7/ J"fﬁfx@ \ '!IV//@ﬁ . g \
0.100 0.300 [ 2.9U0e- it y Wt
s W”“@M«w i
6 I T i =
) ) ) 0.000e+000 ¢ 0.200 0.400m) Y
Fig. 6 Pressure atlas in shell side IZ'_. X
0.100 0.300
8
Fig. 8 Vector of velocity in shell side
T AR 117
8.4300+002 .ﬁﬂ T )
,, = = 3.5
82736400 — — =
RS0 mn T
5
B.11ses002 . 2 .
7.958e+002——— - = =
: = —y L
780005000 0 0.200 _ 0.400(m)
0.100 0300 21 K
7
Fig. 7 Temperature atlas in shell side
2
Tab. 2 The impact of radiation heat transfer
Ikg+s™! Ikg+s™! /Pa /Wem™2«K! /Wem™2«K™! /K /K
0.15 0.15 607 390 1559 822 21
0.15 0.15 586 398 2 027 796 47
4 (2) ( 117 mm
150 mm)
CFX TAPWS 150 mm o
(3) 23 MPa 400 - 600 C

1 Vostrikov A A Psarov S A Dubov D Y et al. Kinetics of coal con—



- 841

version in supercritical water J . Energy & Fuels 2007 21(5):

-232.

2840 —2845. 7 Kritikos K Albanakis C Missirlis D et al. Investigation of the
2 Wang S Guo Y Wang L et al. Supercritical water oxidation of thermal efficiency of a staggered elliptictube heat exchanger for
coal: Investigation of operating parameters”effects reaction kinetics aeroengine applications J . Applied Thermal Engineering 2010
and mechanism J . Fuel Processing Technology 2011 92( 3): 30(2) :134 - 142.
291 -297. 8  Freund S and Kabelac S. Investigation of local heat transfer coeffi—
3 cients in plate heat exchangers with temperature oscillation IR ther—
I 2011 26 (6) :675-680. mography and CFD ] . International Journal of Heat and Mass
XU Zhi-ming WANG Yue-ming ZHANG Zhong-bin. Numerical Transfer 2010 53( 19) :3764 —3781.
simulation of the unilateral and diagonal Flow in the plate-type heat 9  Habchi C Lemenand T Valle D D et al. Turbulent mixing and res—
exchangers J . Journal of engineering for thermal energy and pow- idence time distribution in novel multifunctional heat exchangers—
er 2011 26( 6) : 675 —680. reactors J . Chemical engineering and processing: process intensi—
4 fication 2010 49( 10) : 1066 — 1075.
J. 2008 23( 1) :64 -68. 10
GU Xin DONG Qi-wu LIU Mei-shan. Application of a periodic ; 2011.
model in the numerical simulation of shell-and-tube heat exchang— HU Qing. Research and numerical simulation of condensation and
ers J . Journal of engineering for thermal energy and power 2008 heat transfer in shell and tube heat exchanger masters degree pa—
23( 1) : 64 -68. per . Hubei: Huazhong University of Science and
5 Tsai Y C Liu F B and Shen P T. Investigations of the pressure Technology 2011.
drop and flow distribution in a chevron-ype plate heat exchanger 11 Wagner W Kruse A. The industrial standard IAPWS-F97 for the
J . International communications in heat and mass transfer thermodynamic properties and supplementary equations for other
2009 36(6) :574 —578. properties J . Properties of Water and Steam Springer 1998. 1
6  Jayakumar ] Mahajani S Mandal J et al. Experimental and CFD -354.
estimation of heat transfer in helically coiled heat exchangers J . ( )
Chemical engineering research and design 2008. 86 ( 3) : 221
£ N £
DOI:10.16146/j.cnki.rndlgc.2015.06.003
{Gas Turbine World)2015 5 -6 CMI
Erbil o
8  CMI Energy 2 250 MW GE
c-7 2 15C 6. 66 kPa GEA Energietechnik 40 o

Erbil
[l ( ) 55% -56%
[l 15% o

o



6 * 965 -

= Study of the Measurement of the Specific Heat Capacity of a Heat
Absorption Type Hydrocarbon Fuel at a Constant Pressure HUANG Shu—un GUO Ya—un ( College of
Environment and Municipal Engineering Xian University of Architectural Science and Technology Xi” an China
Post Code: 710055) YANG Zhu-giang LIU Zhao-hui BI Qin-cheng ( National Key Laboratory on Multi-phase
Flow in Power Engineering Xian Jiaotong University Beijing China Post Code: 710049) //Journal of Engineering

for Thermal Energy & Power. —2015 30(6) . —833 —836

At subcritical and supercritical pressures an ondine measurement was performed of the specific heat capacity at a
constant pressure of a heat absorption type hydrocarbon fuel. Based on the energy conservation theory a set of device
for measuring the specific heat capacity at a constant pressure was designed and the geometrical dimensions and
structures of the device under discussion were optimized. On the basis of the device in question being calibrated by
using deioned water and cyclohexane when the pressure ranges from 2.0 to 5.0 MPa and the temperature from 333
K to 903 K the specific heat capacities of the heat absorption type hydrocarbon fuel were measured and the curves
showing changes of the specific heat capacity with temperature were obtained. The test results show that in the low
temperature zone the specific heat capacity at a constant pressure will smoothly and stably increase with an increase
of the temperature and reach the peak values at the pseudocritical and critical temperature respectively. After a heat
absorption type chemical reaction has taken place in the high temperature zone the specific heat value will cease—
lessly increase with an increase of the temperature while the peak value of the specific heat capacity at a constant
pressure in the critical and pseudocritical zone will gradually decrease with an increase in the pressure. However the
peak value in the critical and pseudocritical temperature zone will decrease with an increase of the pressure and the
specific heat capacity in the high temperature chemical reaction zone will increase with an increase of the pressure.

Key words: specific heat at a constant pressure hydrocarbon fuel supercritical pressure

= Numerical Simulation Study of a Heat Exchanger for Use
in the Supercritical Water Coal Gasification Process WANG Hong-na SU Xiang—chao ( China Munici-
pal Engineering North China Design and Research Institute Co. Ltd. Tianjin China Post Code: 300074) //Journal

of Engineering for Thermal Energy & Power. —2015 30( 6) . —837 - 841

A three-dimensional model for shell-and-tube heat exchangers for use in the coal gasification process in the environ—
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ment of supercritical water was established and a numerical simulation study was made of the heat exchange and
phase-change process of materials in both tube and shell side by making use of the software CFX ( computational
fluid dynamics analytic software) . The TAPWS TF97 database was successfully used to numerically simulate the
physical property and state of the supercritical water and the phase-change process of the material in the tube side
from its subcritical state to supercritical one was expounded. By making use of the available test results the model in
question was verified. The simulation results show that the pressure drop and heat transfer coefficient in the shell
side will increase with an increase in the flow rate in the shell side. The growth rate of the temperature at the outlet
of the shell side will first become big and then small. To increase the interval of the baffles in the heat exchanger
from 117 mm 150 mm will be not conspicuous in enhancing the heat transfer effectiveness however the flow resist—
ance in the shell side will increase greatly. At a pressure of 23 MPa under the operating condition of the tempera—
ture changing from 400 °C to 600 °C the influence of the radiative heat transfer in the heat exchanger is relatively
big. When a numerical simulation is made the amount of heat transferred in the form of radiation cannot be ignored.

The actual structure of the heat exchange will be finalized by comprehensively considering the influence of the heat
transferred and coal particle deposition. The above-mentioned numerical simulation results can offer a certain theo—
retical significance and practical value in engineering projects in the design and study of the heat exchangers for use
in supercritical water coal gasification process. Key words: shell and tube type heat exchanger numerical simula—

tion supercritical water coal gasification

v - = Experimental Study of the yray Method for
Measuring the Gas Content in a Cross Section with a Subcritical Steam-water Two-phase Flow HU
Ri-¢ha LUO Zhi—chao ( Changchun Optic Precision Machinery and Physics Research Institute Changchun China

Post Code: 130033) BI Qin—cheng LU Hai-eai ( National Key Laboratory on Multi-phase Flow in Power Engineer—
ing Xian Jiaotong University Beijing China Post Code: 710049) //Journal of Engineering for Thermal Energy &

Power. —2015 30(6) . —842 —847

By adopting a single narrow beam y-ray method the void fraction in a section featuring a subcritical steam-water
two—phase flow in a vertical riser was measured. The operating conditions in the riser were given as follows: the

pressure ranged from 17 MPa to 21 MPa the mass flow speed of the working medium was in a range from 600 kg/



