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Research on optimization of design parameters of the waste heat boiler
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Abstract. Recycle and utilization of energy is currently the focus of energy conservation and energy

waste heat boiler is one of the most important parts in the process of waste heat recovery related
parameter optimization and analysis of the waste heat boiler has become the key point of the waste heat
utilization and parameters optimization results can provide reference for engineering design of waste
heat boiler. This paper based on 2500 t/h cement kiln preheater working condition of flue gas water
and other five kinds of organic substance in waste heat boiler design optimization of parameters by
using matlab programming for data calculation analyzed heat transfer and pressure drop performance
analysis respectively of the same parameters of different working medium as well as the different
parameters with the same working medium and investigated the influence of the flow rate tube
spacing and heat transfer tube length on the heat transfer area flue gas and lateral pressure drop of
the heat exchanger. The results show that compared with the change of parameters the heat exchange
area of water was the largest. With the increase of flue gas mass velocity and heat transfer tube the
heat transfer area reduces. However with the increase of pipe spacing the heat transfer area
increases. Under the condition that the flue gas side pressure was reduced to 50 kPa and the lateral

pressure of the work force was reduced to 1 kPa the heat exchange area was the minimum quantity of
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industrial heptane and its heat exchange area was 183.3 m’.
Key words: waste heat boiler; organic working fluids; parameter optimization; pressure drop

analysis; heat transfer performance

o 1
N N 1.1
1-3 . 2
\ . 300 ~400 °C o
o SRC( Steam
Rankine Cycle) o s
363 C. & 223 C.
q, 180068 m’/h.
4-5 _ 6-7
R 16 -18
; ; t, 30 C.
t, 217 C. t; 225 C.
t, 225 C. At,,
o 8 OC o Al Al
65. 29% 5. 52%
o ORC ( Organic 25.18% 4.01%
Rankine Cycle) 1.2
8-10
SRC  ORC 0
N N : D, 38 mm, D,
— 31 mm. H 15 mm. t 1 mm.
Y 5 mm,
2
11-13 2' 1
. . o 1 t-Q .
o 1~7 t, ~t; C; A,

2500 t/h Co



562

2017

6
O -
2w, L i
i |
| |
1 | |
| TABE ‘: ERB L
IR EQIW
1 —
(1)
Qtot = Cp gasqm gas( tS - t7) ( 1)
: le w; Cp gas
J/( kg ° OC) ;qm gas
kg/so
(2)
~ (4)
Qpre =4y alll)( h2 - hl) (2)
cha =4 suh( h4 - h3) (3)
_ th
9 sub = h4 _ h3 + hz _ h] (4)
: Qpr(‘, W; QCV:‘J

W; hyvhy~hy hy AN AN AN

W/( m2 ® Ii) ;‘]m sub kg/so
Atpre
a (5) (o)
(- n) = (e — 1)
Aty =10 (1, —1,) /(1g - 1) )
— t5 — tﬁ
Nm-m(%—MA%-@ (6)
Al C, A,
C o (7
g = L + i (7)
Cp gas‘]m gas
(8)
L 1 (8)

ok W/(m**K); A
A 45 W/(meK);dy-

di mm; a,-~a;
m’; h,\h,
W/(m*K);nB
(9) (10
_ anf + A,,
=4, 44, (9)
A+ A
[ el )
vy (10)
LA, m’; 4,
m ;7;/
(11)
_ tan(h * mlL)
n, = . (11)
mL (12)
2h L
L=1L [=7 |1+ 12
=t i, oo
h
W/(m+K):A W/(m+*K); ¢
Cir, mo
(13)  (14)
_ Qprc
Apre - kpreAtpre ( 13)
— QCVB
AP“‘ kCVﬂAtCVﬂ ( 14)
:keva W/( mz ¢ K) ’Al‘re
m’; A ?
2.2
Briggs—Young
19
(15) ~ (17)
b = 01378 DRETPPA(Y/H) ™ (15)
0
NG,
0
f, = 37.86Re*( P.d,) ™ (17)
e W/(m® * K); D,
mm, Y mm; H
mm; G,
kg/(m’® *s); Pr ; Re,,
; Apgas
Pa; N D mo



563

6
Gnielinsk (18) ~
(21) 20 ’
/8) ReP
Nu,, = (ofi )2/36 i (18)
T 12.7(£/8) (PR - 1) +1.07
1 o 2
= 19
S (1.821gRe - 1.64) > (19)
Mp. = Spit fND 4 LS(N+1) (20) :
i (1)
f, =0.3164/Re*” (21)
Kandlikar
(22) (23) "
h, . .
T C,Ci(25Fr) " + C,BSF, (22) 1 (2)
1
G(1 —x)d, .4 Pri*a
h, = 0.023 ( x)d; o Pri” A (23)
My d,
(24) *
5 6
Mo = AP LBy (24) :
d, 2 P,
_ 16007 m T B K 11000 1340
) 2 raool =% R ER 2
Matlab i kS 10000 3 1320
T 1200 =
o 3 3 9000 35 1300 o
21000 8000 q% 2807
AY .: 2
B 800 | H=
; e 7000 5= {260 3
% 600 2 5
6000 = {240 ™
o £ 200 5000 i {220
’ KL MR WK ke pepe oo 20
2
3
o o 3
3.1 o
3.2
5m
0.09 m 4 kg/(m® *s) . 3.2.1
5 m.
2 0.09 m,. o N
3 o AY



2017

564
6 o
60000 = A 800 °
S R
50000 0
< 700
7 40000
é% 650 o
= =
= 30000 600 =
Y =}
= :[ o
H 20000 550 F
500 g% 340 - Hp AR 100 950
450 5 s ~ 19
. 330 Gl oo H 850 =
KB TR ORR ke bdE % . e POg
=7 5 1750 5
: & 60 & {700 F
380 - BT leo  ]4000 2 310 508 leso®
- T T Bo00 B = 3
<= RS s 140 2 i 300 40 F 1600
340 = 13000 E 30 550
b 120 3 ]
?Ec 310 / ° ;:—i 2500 AEZT 20 / 20 S00
= 100 5 == 450
- 12000 0.07 008 009 010 011 0.12
= 80 & F Ul BiP/m
B / & 115002 =R
%260 /A o0 5 1000 ‘? >
o
240 e ™~ 40
T I e e 318 ~ BT 140
— 0 e Al e
TS HG /(kgm?s) 314 Y
4 312 100 3
= 310 =
3.2.2 E 20
308 ]
5 m. o j06 e
&5 60 =
2 7
4 kg/(m” *s) . . 304 2
N N 302 40
5 . 300 e o
_ 7 5 6 7 3
' HAEKL/m
6
3.3
3.2.3 \ 3
0.09 m-. o
2
4 kg/(m® *s) . . 183.3 m I,
1
G, /(kgem™2 s L/m P,/m A/m? Ap,, /Pa Ap ., /Pa
4.0 6.5 0.075 283.2 46071. 1 875.5
5.0 8.0 0.08 192.6 38186.2 967.3
5.0 8.0 0.08 192.4 32847.0 961.6
4.5 5.5 0.075 221.3 49608.2 976.4
5.0 5.5 0.08 198.3 48363. 1 960. 8
5.0 6.0 0.08 183.3 45286.3 966. 2




565

7

183.3 m?,

Bonilla J. J.  Blanco J. M. Lspez L. et al.. Technological
recovery potential of waste heat in the industry of the Basque
Country J . Applied Thermal Engineering 1997 17(3) :283 -
288.

Lopez L. Blanco J. M. Bonilla J. J. et al.. Determination of
energy and exergy of waste heat in the industry of the Basque

country J . Applied Thermal Engineering 1998 18(3) : 187 —
197.

Il 2014 45(11) :976 —980.
I 2009 29(9) : 885 —890.
2013.

I 2015 28(3) :38 —43.

Bolland O.. A comparative evaluation of advanced combined cycle
alternatives ] . Journal of Engineering for Gas Turbines and
Power 1991 113(2) :190.
Xi H. Li M.J. Xu C.

regenerative organic rankine cycle ( ORC) for low grade waste

et al.. Parametric optimization of

10

13

14

15

16

17

18

19

20

21

22

heat recovery using genetic algorithm J . Energy 2013 58(9):
473 —-482.

J . 2015 30( 1) :24 -30.
Tchanche B. F.

Quoilin S. et al.. Thermo-
economic optimization of waste heat recovery organic rankine
cycles J . Applied Thermal Engineering 2011 31( 14 — 15):
2885 —2893.

He Y. L. Tao W. Q.

Declaye S.

Song F. Q. et al.. Three-dimensional
numerical study of heat transfer characteristics of plain fin-and-
tube heat exchangers from view point of field synergyprinciple
J . International Joumal of Heat and Fluid Flow 2005 26( 3) :
459 —473.
Erek A.  Ozerdem B. Bilir L. T. et al.. Effect of geometrical
parameters on heat transfer and pressure drop characteristics of
plate fin and tube heat exchangers ] Applied Thermal

Engineering 2005 25( 14) : 2421 -2431.
2014.
2006 22(4):61 -62.

] 2013(6) :72 -74.

Ngoc A. L.  Wendland M. Fischer J.. Working fluids for high—
temperature organic Rankine cycles J . Energy 2011 36(1):
199 -211.

Shu G. Q. Gao Y.Y. Tian H. et al.. Study of mixtures based
on hydrocarbons used in ORC ( Organic Rankine Cycle) for
engine waste heat recovery J . Energy 2014 74(5) :428 —438.

Siddigi M. A. Atakan B.. Alkanes as fluids in Rankine cycles in
comparison to water benzene and toluene J . Energy 2012 45
(1):256 -263.
Gnielinski V.. Equations for calculating heat transfer in single
tube rows and banks of tubes in transverse flow ] . International
Journal of Chemical Engineering 1979 19:3.

Briggs D. E.  Young E. H. . Convective heat transfer and pressure
drop of air flowing across triangular pitch banks of finned tubes

J . CheHeat Transfer 1990 112( 1) :219 -228.

Kandlikar S. G. . A general correlation for saturated two—-phase flow
boiling heat transfer inside horizontal and vertical tubes J .
Journal of Heat Transfer 1990 112( 1) :219 —228.

M.

2010.



