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Correlations of heat transfer and flow characteristics of H-type finned
tube bank with different arrangements

ZHAO Bin'?> ZHAO Liie! > .GAO MingHfei' LI Wen' LU Junu’

(1.School of Metallurgy and Energy North China University oftScienee and Technology Tangshan 063009 China;2.Department of Thermal Engineering Ts
inghua University Beijing 100084 China)

Abstract : Low-temperature economizer arrangement was introduced and the characteristics of anti-abrasion and anti—
ash-deposition of H-type fin tube bundle were investigated. Numerical simulation was performed on the heat transfer
and flow characteristics of H-type finned tube bank with indine and staggered arrangement. Results show that when
longitudinal tube increases up to 15th rows and more it has little impact on Nu and Eu.Inlet fluid velocity fin width
fin thickness fin pitch slit width and spanwise tube pitch have the same impact on Nu and Eu under two arrange—
ments.Fin width has the most significant effect on Nu and fin pitch has the same effect on Eu.When it is in-ine slit
width has the least effect on Nu and Eu.lLongitudinal pitch has the same effect on Nu and Eu with staggered arrange—
ment. Correlations of Nu and Eu for H-ype finned tubes with two arrangements are presented.The research results can
provide a reference for the optimization design of lower temperature economizer in the coal-fired power station.
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“ N N ” 2015 o
37.5 t 47%
:2016-07-02 :2016-12-20 :
: (973) (2012CB214904)

(1968—) o Telz0315-2592155 E-mail:zhaobin19680507@ 163. com



3 H 783
! o D H
+IFodrollolfolloFolNodlo =
3D, 5D
oo fofodofodfodfo]
H B
(a) Wiz & F L E
D H
E ~Oq ~Oq a’as
Hol—lol—lod—Fo
| 3D 5D
H = T—rol—ol—fol—Fo-
o " +|lo]—to{—Fo{—tol-
(b))t 540 E LA
;Heng Chen millllllll]l[l]l[lu;
78 H 3D Ll L_1 1| L1 Ll L1 Ll L1 SD
5 (¢ ) NGB g 5] A B0+ )
H 2 H
: 9-10 Realiza— Fig. 2 Structural parameters and calculation area of H-type
ble k-g H . finned tube bundles under two arrangements
Cn Al °
C.;YuJin " RNG k-¢ >
H Al
. MH-~G -
H 87711 + % + aﬂ = 0 (1)
Jdx  dy 0z
H dv
p g, Pk —gradp )
o . H :
Nu Eu LB + 2 upE +p) =
ot ox;
d oT
1 8761 ko GTCL - Z hj’-]j‘ * uj(Tij) ar| + S, 3)
1- 1 E - h — A + i;keff
H 1 p 2
keff = k + kt kt ;
2 o 0 oT
67 keff 87 - z hj’Jj’ + u’j(Tij) off S
i i J
e J Sy
10 Re RNG k-¢
H
I H RNG k-¢
Fig. 1 H-ype finned tube bank -
1.2 dt 9 ok 2
—_—=— — +uw S - 4
P o, [ (o) ax| TS e ©))




2017 42

784
de 9 de e &
—=— ) —| +C,-—uS -C,p—-R
1% dt axi (aplu’eﬂ) axi le k/*’(’t 26P k 4
() o
_ K 10*
Mhett Mo =M+, w, =pC, . 10-5.
C.on’(1 = n/m,) &2
C,=0.084 5;R R=—oPN 2 0T e
1 +8n k 0.5 mm,
k 1 13 o
n="" n,=4.38 B=0.012;5 =25, S, = (13) i
e 1=0.16(Re,, ) (13)
1[{ou;, Odu; R 0
( +f) : RNG k-¢ C,=1.42 C, = o
2 dx;  ox; 5
1. 68,
@ = chAfpf( Tin - Tou() (6) 38 mm 4 mm.
(Tout - Tw) - (Tin - T\») S N N ~
AT = @)
T()ut - Tw > Al 8
In| ——
( Tin - Tw) N Nu
b Eu o
h=—- 8
AAT ®) 2.1
hD
Nu =— 9 3 Nu
/\ ° Nu
wA
wo=— (10) =
Amin 15 Nu o
‘D
Re =" (11) Nu
v =15 Nu
2
Eu = Aj (12) o
pw”N 10 — .
w m/s; D mm;y 100 - WS B Ié m;:
mz/s; c, :[I —— 8 m/s
1(ke * K) 3 Wik o
W/(m* * K);p, kg/m’;A A, 60 | o
A ~ \ 50+
40 : ) L i L L )
m*; T, T, T, 0 2 4 6 8 10 12 14 16
N K; AT 120 P E RN
A 1o EIINE :2:::*3
. /
W/(m * K);Ap Pa; 100 + B i
w’ m/s; N ; = W0r
T B0 e
Re( ) ;Vu(
70 +
) el
- 50 I 1 Il Il X 1
S ( ) 0 2 4 6 & 10 12 14 16
o Yo FHEEN
3 Nu
3D Fig. 3 Variation of Nu with number of longitudinal tube rows
5D 2 o 2.2

4 Nu Eu o



3 H 785
Nu 100 0.20
——Nu
Eu 90 - ——Eu (.18
B0+
= 40.16
5 70t &
Eu Re e d0.14
Nu Eu o1
S50F .. . e
WA
40 \ ' ) \ s | 0.10
FEu 50 60 70 80 9 100 110
i F % F9 H/mm
Eu o 100 0.29
120 0.26
: 95 ——Nu 4028
i WEAE | Bt
& 0.22 . 90 + 40.27 N
- 020 _ = sl lo26
0.18 ™
a0 - _ R0 + 4 0.25
g:18 o314 N
20 F 40. |4 75 1 1 L | 1 I U...“I
. . . ) : ) 0.12 50 60 70 80 90 100 110
0 2 4 6 8 10 12 14 6% 1y 515 H/mm
O s (me s
160 055 5 Nu Eu
140 | ——Nu LELELE -9 0.50 Fig. 5 Variation of Nu and Eu with fin width
120 0.45
70 0.22
2 R 0 3 68F ——Nu 4021
80 F 0.35 66 - —=—Fu 40.20
60 | 0.30 1
&l 019
a0 0.25 = 10.18 3
20 . . . : . . 0.20 N 10.17
0o 2 4 6 8 10 12 14 60t lo.16
HE L m o 5 ') 58+ Wiz g 1 0.15
56 i i | I i i I 0.14
4 Nu  Eu 05 10 15 20 25 30 35 40 45
Fig. 4 Variation of Nu and Eu with inlet velocity i} J& FE 5/mm
90 0.40
2.3 o [ 0.3¢
n . 1]
5 MNu Eu . 1
Nu Eu - 84 f 410.32 %
=82t 1028
8O+
Nu _ 10.24
B A E
Eu o Ta6 f I I s I i i .20
1.0 1.5 20 25 30 35 40 45
15 2 15 6/mm
Re 6 Nu Fu
Nu Eu ° Fig. 6 Variation of Nu and Eu with fin thickness
2.4
Nu  Eu 6 o
Nu  Fu
Re
Re Nu Fu
Nu  FEu
Nu FEu ° R
2.5 2.6
7 Nu Eu H
Nu Eu o Nu
Nu  FEu. Nu  Eu Eu o



786 2017 42
90 0.35 Nu Eu
85 —— N
30 - ——Eu 1030 o Nu Eu
5r 0.25

70 g
65 | ~40.20
L E
oy 0.15 Nu “
35 WANAE o
50 L i | | i i 0.10
5 10 15 20 25 30 35 75 10.20
i Fy (3] B ¢/mm 0L ——Nu lo.19
100 0.7 —a— Fy .
95 | N Joe 63 S0.18
—- Fy i S 60 F lo.17.2
90 0.5 = 55} 1755
= 851 {04 & 50k —40.16
I 1pa 45 = = 1 018
80 0. T Eifh=s
75 —a 0.2 40 I I 1 1 I L 1 0.14
M s 102 80 90 100 110 120 130 140 150 160
70 L 1 I L L i 0.1 ?}’UU] ﬁj‘ﬁS”‘lﬂ]m
5 10 15 20 25 30 35 86 10.30
i Fr (5] ¥E ¢/mm —— Ny
Mr gy 10.29
7 Nu Eu 2 f
10.28
Fig. 7 Variation of Nu and Eu with fin pitch S80f K
10.27
78|
B 40.26
7 wolhE |
Nu 74 . . N L 1 ] . . (.25
80 904 1000 110 1200 130 140 150 160
. LA T PES /imm
9 Nu FEu
Fig.9 Variation of Nu and Eu with longitudinal tube pitch
Eu o 2.8
66 10,160 Nu  Eu 10 0
65 —— Nu
64+ —=— Fy 1 0.158 Nu Eu
631 IAORY
262t =
61k 154
SO L0.152 ke
59
o=l W . . \ 0:150 Nu  Eu o
0 4 8 12 16 20 24
TF4EH 2 W/mm
88 10.32
—— Ny 0.3
86 [ N A N
—== Eu 10.30
841 {0.20 N N . 8
2 82 10.28 § H
ol 1027 ]
40.26 h
Bl smimE 1025 W HY 28\ ) WY S S,
76 1 I 1 1 | 1 | 1 1 | 10.24 Nu = PRe —_— — _ J— _ _c
2 4 6 8 10 12 14 16 18 20 22 D D D D D
8 Nu Eu P H Cy S Cy : Cy w Cs S Ce Sz Cq
— 1| P - N — -
Fig. 8 Variation of Nu and Eu with slit width Eu = CRe ( D) ( D) ( D) ( D) ( D) ( D)
2.7 (15)
Nu  Eu
9 0 Nu  Fu s




3 H 787
20 023 H\ “5167) 5 02152
N o Eu =2.937 5Re™ "% — — X
651 —=— Fu 22 D D
60 | :i;? p| T3 gy 0003 gy 003 g SLas2d a7
355+ _— D D D D
a0 1012 :
45 i 40.10 -0.3673 0.1045
B R = H o
ol 0 0 0 Y logs Nu = 1. 041 ORe" 53”(—) (—) x
80 90 100 110 120 130 140 150 160 D D
B [ 15 B S /mm 0,140 6 0.042 6 ~0.059 1 ~0.262 3
88 0.300 * w St 5 (18)
86 L ——Nu 40205 D D D D
—=—Eu |, 200
84 - 0.2 H\ *20 5 0382
- 0.285 Eu = 6. 600 3Re " — — X
= s; 40280 & D D
I 10.275 -0.559 3 -0.062 5 0.007 8 -0.1352
ST e
76| st Jgam b b b b
1 1 1 | L 1 B ”.2(} - — - —
80 90 100 110 120 130 140 150 160 “Re =2 000~35 000;H=50~
18 [ 17 1B Sy /mm 100 mm;6=1~4 mm;t=5~30 mm;W=2~20 mm;S, =
10 Nu Eu 85~150 mm;S,=85~150mm;N=15.
Fig. 10 Variation of Nu and Eu with spanwise tube pitch
H\ 0B g 0142 11 o
Nu =0.173 4Reo'7026(D) (D) X Nu  Eu 10%
L -0.2452 K 0.008 1 g 0.490 2 S, -0.4147 (16
D D D D >
120 150
100
+10% 120 +10%
= 80 a
by iy
£ 60 25
40 60 -
20 G A Hig A
20 40 60 80 100 120 30 60 90 120 150
Nutédu g NufS3UME
0.35 0.6
0.30
051
25 o
& =
£ 020 0% 047
& g
015 03k
0.10 g% i1 . Hi g E
0.10 0.15 0.20 0.25 0.30 0.35 0.2 0.3 0.4 0.5 0.6
EufEifil{E EntEH{E
11
Fig. 11  Comparison between the simulation and calculation value under indine arrangement and
staggered arrangement of the tube bundles
Eu
(@)) Nu FEu (2) .

Nu




788 2017 42
Nu  Eu J. 2004 26(5) :457-460.
Nu Fu Liu Yuzheng Yuan Yichao Xu Shiyang et al.Flow and heat transfer

Nu

(€))

FEu

( References) :

I 2015 40(3) :671-677.
Zhang Jinping Li Dong Zhang Cheng et al.Physical/chemical struc—
ture evolution and combustion characteristics of mild thermally up—
graded lignite J .Journal of China Coal Society 2015 40(3) :671-
677.

J. 2014 39(5) :897-902.
Du Chuntao Zhang Jinzhi Wang Ruobin et al.Simulative and exper—
imental study on impact factors on heat transfer performance of mine
return air heat exchanger J .Journal of China Coal Society 2014
39(5) :897-902.
H I
2015 66(12) :4751-4757.
Zhao Bin Zhao Lijie Wang Qinggong et al.Selection of structure pa—
rameters for HHinned tube J .Journal of Chemical Industry and En—
gineering 2015 66(12) :4751-4757.

] 2015 40(6) :1402-1407.
Gao Zengli Liu Yongqi Gao Zhengiang et al. Heat extraction char—
acteristic of packed bed embedded heat exchanger based on thermal
oxidation of coal mine VAM ] . Journal of China Coal Society

2015 40(6) :1402-1407.

10

11

analysis of fin-and+tube heat exchangers with side-mounted trapezi—
um winglets J . Journal of University of Shanghai for Science and
Technology 2004 26(5) :457-460.
.H
] 2008(6) :14-17.
Yang Dazhe Huang Xinyuan Xue Lizhi. The experimental study
on the characteristics of heat transfer and flow of H-type finned tube
J .Boiler Manufacture 2008(6) :14-17.
Heng Chen Wang Yungang Zhao Qinxin et al. Experimental investi—
gation of heat transfer and pressure drop characteristics of H-type
finned tube banks J .Energies 2013 7(11) :7094-7104.
.H J.
( ) 2013 43(1) :88-93.
Wu Xin Shang Yuwei Wang Junlong et al. Experimental
research heat transfer characteristics of H-type finned tube bundles
J . Journal of Southeast University ( Natural Science Edition)

2013 43(1) :88-93.

H
I 2010730(5) :368-371 377.
Zhang Zhixiang Wang Yungang Zhao Qinxin. Numerical simulation
and verification, on heat transfer characteristics of H-type

finned tubes J . Journal of Chinese Society of Power Engineering
2010 30(5) :368-371 377.
.H I
2010 30(12) -941-946.
Zhang Zhixiang Wang Yungang Zhao Qinxin. Numerical study on
performance optimization of H-type finned tubes J .Journal of Chi-—
nese Society of Power Engineering 2010 30(12) :941-946.

Jin Yu Tang Guihua He Yaling et al. Parametric study and field
synergy principle analysis of H-type finned tube bank with 10 rows
J . International Journal of Heat and Mass Transfer 2013

60(1) :241-251.





