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ARTICLE INFORMATION ABSTRACT

Original Research Paper Rotary Regenerative Air Preheater (RRAPH) is one of the main equipments for energy recovery in the
Received 30 November 2017 steam power plants. In this study, air preheater of the Bisotoun Power Plant of Kerrmanshah has been
Accepted 02 February 2018 investigated with the aim of optimizing its thermal performance. So, with Computational Fluid

Available Online 02 March 2018 Dynamics (CFD), three-dimensional simulation of the rotary air preheater has performed to solve the

continuity, momentum and energy equations in porous medium by using moving refrence frame (MRF)

Keywords: . . . N L

Rotary Regenerative Air Preheater method. The results showed acceptable accuracy in comparison with the experimental results which is
Ljungstrom achieved from the power plant data. In this research, the effect of rotational speed on the efficiency of
Numerical simulation air preheater in different loads and mass flow rates for both without and with leakage conditions has

Thermal Performance

- - investigated. The results showed that the impact of the rotational speed on the performance of RRAPH
Optimum Rotational Speed

is noticeable in the range of 0.5 to 4 rpm, and after this increase in speed does not have a significant
effect on efficiency. The present study also showed that leakage has a significant effect on reduction of
the efficiency of the RRAPH in all loads and rotational speeds. In the following, the effect of matrix
material change on the efficiency of RRAPH has investigated. According to the results, for both without
and with leakage, the best thermal performance is related to the stainless steel, which has the least
thermal diffusivity, also the least thermal performance is related to the copper, which has the highest
thermal diffusivity.

Syl JBl o a5 wsien Slwes Sl b Jae il oo g dodo -1
2 Sl sl Jae )5 wishe iz glales po Sl 90 0 Cose Bras il At sheed e S s G5l 03l GRIAIL
oy Olye @ Baes olfy i )3 g 009y ugmims Cunio jl oonlie (230 a0 500 5 e 3 )lse)l (SO el 4B F 18 sax dx g o0
2 NS oo 58 eolainl 3550 lesily ldl amet s g 6550 2L Spae Gl 0 )l gle Jae (A ats )0 g Bpas g5l
Please cite this article using: s lod o3liwl B3 @yl 5l Ao ol & glayl (61

I. Farhadi, F. Veysi, M. Mirzaasgari, Numerical simulation of rotary regenerative air preheater (Ljungstrom) in steam power plant with the aim of optimizing of thermal performance,
Modares Mechanical Engineering, Vol. 18, No. 03, pp. 291-301, 2018 (in Persian)


http://mjmec.ir/
https://dorl.net/dor/20.1001.1.10275940.1397.18.3.33.4
https://mme.modares.ac.ir/article-15-6036-fa.html

[ Downloaded from mme.modares.ac.ir on 2024-04-25 ]

[ DOR: 20.1001.1.10275940.1397.18.3.33.4 ]

Obled 9 53 )d 7 0l I 8ot G)w A B3 L ) o9 s )3 (9 pwnSSlS) 19 Hl9s Dbl Ko sS iy GO S)lwasub
Gasinlet  Separator Air outlet i ol 3l Jae w068 Gledily (o g a2 slayle

J

Gas outlet

Alir inlet

Fig. 1 Rotary air preheater view
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Fig. 8 Temperature in °K distribution at 1.5 rpm speed, interface view,
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Fig. 10 Temperature in °K distribution contours from hot end view at different rotational speed, 320 MW
Syl 320 b etz @iz sl ce s Gl Els Sl slad 5l nslS Az )8 s s w365 sl yelS 10 S

NI E N ST SV N I SYCOR </ SRS PG FE I
s 5 sl psbo dy Jae ol &Sl ong 4 05l ()l Jane )l >
JUES Jlow 99 52 b (95 4 Casl p3¥ g 0092 Els 55 g 0 (slge by
5 Jgaz ;0 oad ools lid calizes oole 6 jglaie pay il anile &)l

Sl Sod g Syl oele sl &5 cunl wid 5 18 aalllas 550

03 o los 18 055 1397 sl ya (e Silse uwiie

160 5250 (cla by (sl a5 canl I )3 ol 5 0051 doys 14 ke SlylSs
1 il oo py Sl lanl, (2ol aoys 30 Joleo e ol lslSe

ogmme oS 555 ol L5l Fomly bl o LS mels s L

9yl (LU 0 i yilo iz ,51-3-5

298


https://dorl.net/dor/20.1001.1.10275940.1397.18.3.33.4
https://mme.modares.ac.ir/article-15-6036-fa.html

[ Downloaded from mme.modares.ac.ir on 2024-04-25 ]

[ DOR: 20.1001.1.10275940.1397.18.3.33.4 ]

Ublen 9 53,3 7 il

i 35Sk (55l diss B30 by ks olS9 s 5 (o9 4isnSil3) Iod 19 sl (ySe xS gy (533e s 3luwasssds

Temperature
860
650
630 X

rpm=0.5

rpm=1.5

Temperature

rpm=3

4

Temperature
860
650
639 X

546
536
526
515
505

rpm=1

rpm=2

rpm=6

Fig. 11 Temperature in °K distribution contours from cold side view at different rotational speed, 320 MW

Dl 320 L ¢ pid > alidie sl Sy glil A 0 e il (sled 3l lS a0 i Led 59 sl elS 11 S

55 O 4 )3 45 398 e Jowe o Los M3 2alS 5 5> culus
Oeizmed Al (oo j2alS 5 g le 29,5 sles NS 5 5SS Lo
Ot o py il 53 &8, & iz Ol @ 55 V5
(SO, ws plyr LS s A atils owlie S o,Sles olisle,S
Jas Sl Jae el 5o eoliinl gz amlis 435 4y 1 oole oyl

o 03505

299

el b pg Sy S i ibe 4t ) Jol> s 15 S8 0
el o0 i) 5 L g i g0 il 50 (8l e le Sl iz
O A g3 52 53 (Sl 9 Shee (n e 9800 ala>dle oS jshailen
@ (Sl 39k i L) o |y (Sl 003l (nyeS g 0o 1) ()l
Sl el Syl ey Ll el eols plasl sgs

03 o losis 18 0531397 slaya (yurde Silse uwiie


https://dorl.net/dor/20.1001.1.10275940.1397.18.3.33.4
https://mme.modares.ac.ir/article-15-6036-fa.html

[ Downloaded from mme.modares.ac.ir on 2024-04-25 ]

[ DOR: 20.1001.1.10275940.1397.18.3.33.4 ]

Ublen 9 53,3 7 il

i 35Sk (55l diss B30 by ks olS9 s 5 (o9 4isnSil3) Iod 19 sl (ySe xS gy (533e s 3luwasssds

[21] slgo Slasein 5 Jgas
Table 5 Material specifications [21]

bk Colaw o

&= Sl Sek .
" 5 5 sole ob
(kg/m®) =07 > (m?/s) ’
(J/kgK) (W/mK)
8954 380 386 1.13*10* e
Pyl
2800 795 143 6.42*10° 2024
351
2707 896 220 3.13*10° powasl]
7833 465 54 1.4%10° S V5
0.5%
7700 460 25 7.6*10° oS Vs
KWIRAN:
8027.2 502.1 16.26 4.2%10°° . ”

0.8

Efficiency without leakage m Efficiency with leakage

1111

Cop, Per Al i, o,

0.6

Efficiency
© o © ©
N w = w

. . . .

o
S
.

[=]

Stee; el Gy C.;,mo‘7

Qlu] /.
'nu €
ur M T35y g gy ¥ Steey

Fig. 15 Effect of plates' material on the air preheater efficiency
lgp 05 i 8 ,5kot 1 ot yilo Slonio iz 3115 JSCo

S5 domii -6
I Slgo S0 )S G o Sl o8bes 5 ol JEl G onl o
Ll 48,5 18 sy 050 olile S gt o5 s 5 (pg 5 SN5)

Sl pled a5 Cewl oals bl gl 458 a4 ouls &l)) oo oo
3 deels mls dslin 0,5 o Lk o 1) Ol il Glie gwsie
Iy Fod JB ol oad il Juw oS ols las oa8ly dges b (go0e J>
seals o o BB st (s ol ol jols aslhs ass e )
2 Eb el (a5 sle Cepe g bk pled 0 Joe QLIS
S 50 009 2o, 30 Jolae lglKe 250 4160 sl )l o Lol ials
A3l oo S0 14

a5 ol Glas pg Sy jo (S S oy J*"’ =
—Cedd eaﬂ 4 azg b @;’o ] -»'st' et JM Sl @bl e
Slme lade Slas Sl wls (82 Sae g Sl 3 5LS 9590 (s

03 o los 18 055 1397 sl ya (e Silse uwiie

08 4 -
b

0.7

0.6

Efficiency

04 — = 320 MW - Without Leakage
——dbe—— 320 MW- With Leakage
03

0.2

01

0 1 1 1 1 1 1 1 1 1 1
0 1 2 3 4 5 6 7 8 9 10 M
Speed rotation (rpm)

Fig. 12 Effect of rotational speed on the air preheater efficiency in both
without and with leakage, 320 MW

O sle Sl o s Jlss (S S iy S 25z e 31 12 g8

«_a‘slin 320 )l€ o eas l.; 5 S

09} "

0.7

4
W
L

04 —=—— 250 MW - Without Leakage
—a—— 250 MW - With Leakage

o
N
I

0 1 1 1 1 1 L 1 1 1 1
0 1 2 3 4 5 6 7 8 9 10 1
Speed rotation (rpm)

Fig. 13 Effect of rotational speed on the air preheater efficiency in both
without and with leakage, 250 MW

o9 sl S o s Jlgs (Se)S iy IS 2 iz e 5113 S

0.9} "

08l

Efficiency
-
w
T

04k —=—— 160 MW - Without Leakage
- ——a—— 160 MW - With Leakage

0 1 1 1 1 1 1 1 | 1 1
0 1 2 3 4 5 6 7 8 9 10 11
Speed rotation (rpm)

Fig. 14 Effect of rotational speed on the air preheater efficiency in both
without and with leakage, 160 MW

oo sl S s e Jlgs (S8 iy IS 2 G5z e 5114 UK
u\jlielGO)L— L5

300


https://dorl.net/dor/20.1001.1.10275940.1397.18.3.33.4
https://mme.modares.ac.ir/article-15-6036-fa.html

[ Downloaded from mme.modares.ac.ir on 2024-04-25 ]

[ DOR: 20.1001.1.10275940.1397.18.3.33.4 ]

Ublen 9 53,3 7 il

i 35Sk (55l diss B30 by ks olS9 s 5 (o9 4isnSil3) Iod 19 sl (ySe xS gy (533e s 3luwasssds

N5 g poi -8
©obe slacoles 5l asls g0 p3¥ 355 5 ol Bbow Bawsss oLL o
SISl g o mgh opl el 4o olitile,S (gtucn o9, (s9ine 5

&lp9

[1] R. K. Shah, D. P. Sekulic, Fundamentals of Heat Exchanger Design, pp. 3-74,
USA John Wiley & Sons, 2003.

[2] P. Worsge-Schmidt, Effect of fresh air purging on the efficiency of energy
recovery from exhaust air in rotary regenerators, International Journal of
Refrigeration, Vol. 14, No. 4, pp. 233-239, 1991.

[3] O. Biiyiikalaca, T. Yilmaz, Influence of rotational speed on effectiveness of
rotary-type heat exchanger, Heat and Mass Transfer, Vol. 38, No. 4-5, pp.
441-447, 2002.

[4] O. Biiyiikalaca, T. Yilmaz, Influence of rotational speed on effectiveness of
rotary-type heat exchanger, Heat and Mass Transfer, Vol. 38, No. 4-5, pp.
441-447, 2002.

[5] T. Skiepko, R. K. Shah, A comparison of rotary regenerator theory and
experimental results for an air preheater for a thermal power plant,
Experimental Thermal and Fluid Science, Vol. 28, No. 2, pp. 257-264, 2004.

[6] T. Skiepko, R. K. Shah, Modeling and effect of leakages on heat transfer
performance of fixed matrix regenerators, International Journal of Heat and
Mass Transfer, VVol. 48, No. 8, pp. 1608-1632, 2005.

[7] Z. Akhavan Sales, M. M. Shahmardan, M. Hashemian, Heat transfer
numerical investigation in preheater (Ljungstrom), Proceeding of the 1st
National Conference for Technology Development in Oil, Gas &
Petrochemical Industries, pp. 1-11, 2011. (in persian ..,

[8] T.J. Sheer, G. B. de Klerk, H. H. Jawurek, M. Lander, A versatile computer
simulation model for rotary regenerative heat exchangers, Heat Transfer
Engineering, Vol. 27, No. 5, pp. 68-79, 2006.

[9] L. P. Bondurant Il1l, SCR Compatibility for the Ljungstrom Air Preheater,
Proceeding of the EPRI-DOE-EPA Air Pollution Control Symposium-The
Mega Symposium, pp. 14-22, 1999.

[10] M. Passandideh Fard, M. Ghazikhani, Numerical Simulation of Fluid Flow
and Heat transfer in a Rotary Regenerator, Proceeding of The 16th Annual
Conference of the CFD Society of Canada, pp. 10-18, 2008.

[11] H. Y. Wang, L. L. Zhao, Z. G. Xu, W. G. Chun, H. T. Kim, The study on
heat transfer model of tri-sectional rotary air preheater based on the semi-
analytical method, Applied Thermal Engineering, Vol. 28, No. 14, pp. 1882-
1888, 2008.

[12] S. Sanaye, S. Jafari, H. Ghaebi, Optimum operational conditions of a rotary
regenerator using genetic algorithm, Energy and Buildings, Vol. 40, No. 9,
pp. 1637-1642, 2008.

[13] A. Zeinali, H. Eghbali, V. Rafiei, modeling of rotary preheater, Modeling in
Engineering, Vol. 17, No. 5, pp. 335-345, 2017. (in persian _.,l3)

[14] L. Sphaier, W. Worek, Analysis of heat and mass transfer in porous sorbents
used in rotary regenerators, International Journal of Heat and Mass Transfer,
Vol. 47, No. 14, pp. 3415-3430, 2004.

[15] Technical archive of planning and documentation of the bisotoun power
plant operations, pp. 576-586, VVol. 1, Iran, 2017. (in persian ... &s)

[16] A. Heidari-Kaydan, E. Hajidavalloo, Three-dimensional simulation of rotary
air preheater in steam power plant, Applied Thermal Engineering, Vol. 73,
No. 1, pp. 399-407, 2014.

[17] N. Khedher, S. Nasrallah, Three-Dimensional modeling and analysis of a
porous thermal energy storage system, Journal of Applied Fluid Mechanics,
Vol. 3, No. 2, 2010.

[18] D. A. Nield, A. Bejan, Nield-Bejan, Convection in Porous Media: 3rd
Eddition, pp. 27-38, USA, Springer, 2006.

[19] Wilcox, D. C. Turbulence Modeling for CFD, pp. 303-312, DCW Industries,
Inc., California., 1993.

[20] J. Driscoll, ASME performance test codes test code for air heaters, USA,
1968.

[21] Paragon Air Heater, [Online], Accessed on 15 November 2017,
http://www.paragonairheater.com

301

aids p oy 463 o5l o g iz e Gulpln 0gd i
O 50 Oyl Jlsl G guis L alise glel aslsl js bl
a5 oy o1 5l (Sl el Cews @zl .85 18 anlllas 550 152 Sa S
Sl @B e S5 b SV (i L g (8 g Sl g0 5e 0

b s 1 @hlS (ny s (e

e S ygd -7
(Jkg™'K™) ¢ el Jlad oy sbe)¥ ¢,
syl E
T oz sy F
Js Ll H
Wm™K™)) Jws )= Colan o k
(kgs™) «oorz 20 M
(kgm™s™%) s p

(Qx o) 3¥s, 00c  Re

Sl aeiz S,

Kylbs T

(M) oS e gz o Slalbe (o Cepw T,
ms™) Glhe ey

M5 (g s Ty

ms™) ey V
(Wm™3) oz axly 0 &)l >adgs
Sl e
(M?) (Jodsiie bae (6 pdydsi) ol cuypd @

() (S ooy
(b)) w03 7
(kgm™'s7) ( Solus el
(kgm™) (J&z  p
slaghce,m @
s i el T,
L migin)

o & bype  a

Jew a bgpe f

B by g
$o9y9 In
Lol 4y byppe m

s>9,> out

ol bgype s

03 o leis 18 ©)393 1397 S pa (e Suille wiie


https://dorl.net/dor/20.1001.1.10275940.1397.18.3.33.4
https://mme.modares.ac.ir/article-15-6036-fa.html
http://www.tcpdf.org

