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ABSTRACT

Solid Oxide Fuel Cell (SOFC) stack is a Fuel cell tor high temperature operation.  In the
present study the project only focuses on Planar SOFC. This SOFC must have manifold for distribution
of the air into SOFC stack .The manifold shape must have good design in order to evenly distribute flow
and heat generated therein thus avoiding thermal gradient cracking.

[n this project. experiment were carried out for a study on effect of manifold at the angle of 2
degrees. This experiment uses nitrogen as a working fluid in dummy cell stack and static pressurcs were
measured from manometer at flow rate of 2.5 Litter per minute. After that Finite Volume method (by
program STAR-CD) was used for simulation at inlet and the same boundary conditions. Static pressure
from both experiment and simulation results were plotted against cachother. The calculated static
pressure are generally higher than those observed form experiment.

STAR-CD were then used for analysis of flow behavior with varying manifold shape and
angle. from 15.30.45.60 and 73 degrees. Results suggested that the filleted manifold vields better flow
distribution than those without fillet. Morcover. the manifold with higher slope also provides better

distribution than those with lower slope angles.
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3.3 M9 Discretisation
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Initial guess p*, u*, v*, p*
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STEP 1+ Solve discretised momentum equations
Wi W s =By + (PY 1,5 =P Ais + b
4.sV = E8upVin + (P11 =P AL+ by

u*, vt

Y

STEP 2: Solve pressure correction equation

QI PLI =1\ 1P 1,1+ a1y gD 1 ¥ Gr o\ Py + s 1Privr+ by

Set
Pr=p,ut=u
Vi, ¢ =d

’

P

\ §

STEP 3: Correct pressure and velocities
PLy=pP1s+pL,

Uiy =uS+di s P 1.0-p10)
Vi = Vit d i (P -ply)

P4, v, ¢
V

STEP 4: Solve all other discratised transport equations

Q0.1 = a1 1 1911 ¥ a1 s er, s+ Gy bra-1+ar 74 191,741+ b9y,
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A

Convergence?
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4.1 msvimsidSeueun1snaaseiun1s Simulation
4.1.1 MIPONMULEANAADA

4.1.1.1 Mdalvvhanganaasa

P =V xixn

(4-1)
' . ¥ I

Taoh P, Aefidsnihindaldoinwadisomds, V. fensusisdnd IWivoniuyad 5
Volts

¥ (Vi d
o 9 I'd '
(28], n Aedwumadluduaas (lufiis ]

f10.65 NUNAT 104wa3), naz 7 Aenseua 1

mA

= 28] Taefiunlumshiis oideradiin: 8 cm’
Chiy

I= 400l‘42 ABNG IS
cm 1000 mA

——- A

q' a 9 J-ﬁy a a4
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¥
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_336x107  kg/s
0.022634 kg/m’

1.48x107 L

A
=0.89 LPM

4.1.1.3 8a51ms naveeinial 28]
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A1319Y0IMSINUAINNUNU Static Pressure YoIMInaaauSoufeuiuns Simulation

Inlet Pressure (N/m°) Outlet Pressure (N/m’)
% error % error
experiment | simulation experiment | simulation

left 19.37 2191 11.59 15.70 19.25 22.61

stack | | middle 18.67 21.84 14.51 15.81 19.24 21.70

right 19.21 2191 12.32 15:37 19.25 25.24

left 18.66 21.87 14.68 15.26 19.25 26.15

stack 2 | middle 18.12 21.81 16.92 14.85 19.24 29.56

right 18.94 21.87 13.40 16.22 19.25 18.68

left 17.99 21.86 17.70 14.99 19.24 28.35

stack 3 | middle 17.99 21.82 17.53 15.12 19.24 27.25

right 17.85 21.86 18.34 15.53 19.24 23.89

left 18.26 21.85 16.43 15.53 19.24 23.89

stack 4 | middle 16.35 21.83 25.10 14.17 19.24 35.78

right 17.44 21.85 20.18 15.26 19.24 26.08

= left 17.70 21.85 18.99 15.26 19.24 26.08
E stack 5 | middle 16.48 21.84 24.54 15.26 19.24 26.08
i right 17.85 21.85 18.31 15.40 19.24 24.94
left 16.35 21.84 25.14 14.17 19.24 35.78

stack 6 | middle 15.81 21.84 27.61 14.72 19.24 po.71 |

right 16.08 21.84 26.37 13.90 19.24 38.42

left 15.84 21.84 27.47 14.17 19.24 35.78

stack 7 | middle 15..53 21.84 28.90 14.14 19.24 36.07

right 15.80 21.84 27.66 14.55 19.24 32.23

left 16.90 21.84 22.62 14.72 19.24 30.71

stack &8 | middle 16.51 21.84 24.40 14.99 19.24 28.35

right 16.76 21.84 23.26 14.72 19.24 30.71

left 16.92 21.85 22.56 14.47 19.24 32.96

stack 9 | middle 16.76 21.85 23.30 14.55 19.23 32.16

right 16.76 21.85 23.30 14.70 19.24 30.88
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gUiis-68 j/vesdumi/sveasumnamadininis3n Stutic Pressure

MINMIAVAIVBINNIGTU Static Pressure ﬁmm’hua:maaanmadff’mnwaéﬁyudnqmmyﬂ

nszmems lvagduuunsalfam

15 89AN 30 29AN 45 23AN
number| Inlet [Outlet|Pressure Dro p| Inlet | Outlet Pressure Drop | Inlet | Outlet |Pressure Drop
1 61.41(43.38 18.03 58421 41.47 16.95 55.95| 38.84 17.11
2 160.38/43.36 17.02 58.39| 41.44 16.95 55.9 | 38.83 17.07
3 |60.34]43.36 16.98 5836 41.44 16.92 55.9] 38.83 17.07
4 160.40(43.36 17.04 5843 41.44 16.99 56.08| 38.83 17.25
5 161.19]43.37 17.82 58.19| 41.44 16.75 56.83| 38.84 17.99
6 [63.26(43.36 19.90 60.67| 41.45 19.22 57.92| 38.88 19.04
7 |60.40(43.38 17.02 58.39| 41.47 16.92 55.93| 38.84 17.09
8 160.28(43.36 16.92 58.39| 41.44 16.95 55.89| 38.83 17.06
9 60.35|43.36 16.99 58.37| 41.44 16.93 55.87| 38.83 17.04
10 [60.34(43.36 16.98 58.38| 41.44 16.94 56.92| 38.83 17.09
11 160.40(43.36 17.04 5851 41.44 17.07 56.06| 38.83 17.23
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12 |60.57|43.36 17.21 58.66| 41.44 17.22 56.27| 38.88 17.39
13 60.39(43.37 17.02 58.38| 41.47 16.91 56.91| 38.84 17.07
14 |60.39(43.36 17.03 58.39| 41.44 16.95 55.88| 38.83 17.05
15 |60.37[43.35 17.02 58.37| 41.44 16.93 55.86| 38.83 17.03
16 |60.35(43.36 16.99 58.36| 41.44 16.92 55.86| 38.83 17.03
17 160.36(43.36 17.00 58.36| 41.44 16.92 55.88| 38.83 17.05
18 160.35(43.36 16.99 58.37| 41.44 16.93 55.95| 38.88 17.07
19 |60.38[43.38 17.00 ‘L58.39‘ 41.45 ’ 16.94 55.9 | 38.84 17.06
20 160.39(43.35 17.04 58,405 41.44 !, 16.96 55.89| 38.83 17.06
\i1 60.39|43.35 17.04 jSB.SQI 41.43 ' 16.96 556.87| 38.83 17.04
22 |60.37]43.36 17.01 58:38| 41.43 ! 16.95 55.86| 38.83 17.03
23 |60.36/43.35 17.01 58.37| 41.44 ‘ 16.93 55.85| 38.83 17.02
24 160.36(43.35 17.01 58.36| 41.40 [ 16.96 55.91I 38.88 17.03
25 160.38(43.38 17.00 58. 37’ 41.47 ; 16.90 55.89': 38.84 17.05
26 160.40[43.35 17.05 ’58 39! 4145 ! 16.94 55.9'! 38.83 17.07
27 |60.40(43.35 17.05 5 39| 41.44 ; 16.95 55.89| 38.83 17.06
28 (60.39(43.36 17.03 {? ( 41.44 ’ 16.95 55.89| 38.83 17.06
29 |60.39(43.35 17.04 ’ ; ! 41.45 " 16.93 55.88| 38.83 17.05
LSO (60.39 43,361 17.03 E.EB} 41.45 " 16.93 55941 38.88 17.06
L31 }60.5{73_43’[ 16.89 l558.3‘; 41.53 I 16.78 55.85| 38.89 16.96
T
32 160.35/43.40 16.95 58.36| 41.48 I 16.88 55.87| 38.87 17
33 [60.35/43.40 16.95 58.36| 41.48 ! 16.88 55.87| 38.87 17
34 160.35(43.40 16.95 58.36| 41.48 ' 16.88 55.87| 38.87 17
35 160.35|43.40 16.95 58.36-41.48 ! 16.88 !55.88 38.87 17.01
36 |60.34]43.40 16.94 58.33| 41.50 ; 16.83 55.93| 38.92 17.01 T
max 19.90 IJ 19.22 19.04
min 16.94 ; 16.75 16.96
((max-min)/max)100%, 14.87 ( 12.85 10.92




60 BAN 75 99AN
number| Inlet |Outlet|Pressure Drop| Inlet | Outlet |Pressure Drop
1 56.78|39.67 17.11 52.95| 35.91 17.04
2 56.73|39.66 17.07 52.96| 35.89 17.07
3 56.73|39.66 17.07 52.98| 35.89 17.09
4 56.9 [39.66 17.24 53.04| 35.89 12.15
5 57.37139.66 17.71 53.16| 35.89 1727
6 57.83|39.65 18.18 53.26| 35.91 10.35
7 56.76|39.67 17.09 52.95| 35.91 17.04
8 56.72|39.66 17.06 52.96| 35.89 17.07
9 56.7 139.66 17.04 52.96| 35.89 17.07

¥1O 56.75|39.66 17.09 “52.99‘ 35.89 17.1
41 |sesrases| | ars | 5308 3589 | 1716

12 157.05/39.65 17.4 53.11 35.91 T2
13 |56.74[39.67 17.07 52.94| 35.91 17.03
14 56.71/39.66 17.05 52.95| 35.89 17.06
15 |56.68(39.66 17.02. 52.95| 35.89 17.06
16 [56.69(39.66 17.03 52.96| 35.89 17.07
17 |56.72(39.66 17.06 52.97| 35.89 17.08
18 |56.74(39.65 17.09 588 [(¢35799 17.09
19 |56.73(39.67 17.06 52.94| 35.91 77.08
20 [56.72(39.66 17.06 5295 35.89 17.06
21 56.7 |39.66 17.04 52.95| 35.89 17.06
22 |56.69|39.66 17.03 52.95| 35.89 17.06
23 [56.6939.66 17.03 52.95| 35.89 17.06
24 |56.69(39.65 17.04 52.97| 35.91 17.06
25 |56.73(39.67 17.06 52.94| 35.91 17.03
26 |56.73|39.66 17.07 52.94| 359 17.04
27 |56.72|39.66 17.06 52.94| 35.89 17.05
28 [56.72]39.66 17.06 52.95| 35.89 17.06
29 |56.72]39.66 17.06 52.95| 35.89 17.06

104
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T T T
56.72 39.65L 17.07 !52.97 35.91 17.06

56.6839.71 16.97 52.89| 35.96 16.93 T

32

(&)

.93 16.98

56.7 |39.69 17.01 )52.91’ 3

33 56.7 | 39.69 17.01 52.91]—593 16.98
34 156.71 !39.69| 17.02 52.91! 35.93 , 16.98
35 ]56.71 l39.69l 17.02 ;52.91 ; 35.93 16.98
36 56.71,39‘68 17.03 52.93‘ 35.95 ) 16.98
max 18.18 17.35
min 16.97 16.93
((max-min)/max)100% 6.66 2.42
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dat '
QWQNW"NC]‘UEN‘I!G]

-

15 937N l

l 45 93

—

30 B3
Bnber/ Inlet | Outlet |Pressure Drop| Inlet | Outlet | Pressure Dr04pI Inlet | Outlet Pressure Drop
1 I 18.27 I 1.43 16.837 , 16.87
2 l 18.26 ’ 1.42 16.84 ' 16.88 1
3 ] 18.29 | 1.42 ' 16.87 ] 16.83j
4 I 1832 | 1.42 16.90 ,60.43 43.53 16.90 131.93 I34.99 16.94
S } 19.00 | 1.42 17.58 ’6].29 43.53 17.76 IjZ.86 134.98 17.88
L 6 l 2237 | 1.44 I 20.94 ’63.52’ 43.56 19.96 53.73 | 35.00 18.73
,’ 7 18.27 ! 1.43 ] 16.84 I60'4OII 43.54 16.86 51.68 | 34.99 16.69
8 18.28 l 1.42 Tl6.86 60.40 | 43.53 16.87 51.87 | 34.99 16.88
9 18.26 | 1.42 16.84 60.38| 43.53 16.85 51.85 | 34.99 16.86
10 18.30 | 1.42 16.88 60.35] 43.53 16.82 51.80 | 34.99 16.81
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i I
11834 | 142 | 1692 16045 43.53J’ 16.92 5193 13498 | 16,95
l
12 1837 | 1.16 17.21 f60.61 43.55 17.06 52.04 3500 17.04
13 18.27 | 1.43 16.84 60.40 | 44.54 15.86 51.86 34.99! 16.87
14 | 1828 | 1.42 16.86 60.41 | 44.54 15.87 51.87 34.99, 16.88
' z
15 18.28 | 1.42 } 16.86 16041 44.54] 15.87 5187 | 3499 1688
I I T f
16 ‘ 1829 | 1.42 16.87 ]60.41 44.54!‘ 15.87 51.87 ]34.991; 16.88
[
17 | 1829 | 1.42 l 16.87 ’60.35 44.54) 15.81 51.84 '34.98' 16.86
l ! |
18 18.29 | 1.42 ’ 16.87  |60.37 43.555 16.82 51.82 13500 16.82
19 | 1827 | 1.43 f 16.84  160.40 43.54_5 16.86 51.86 ’34.99f 16.87
f " l ! f
20 { 18.26 | 1.42 ; 16.84 |60,4|;43_53‘ 16.88 ’ 51.88 13499 | 16.89
| | ‘ I
LZI " 18.28 | 142 | 16.86 ;60.41143,54; 16.87 51.88 34.99“ 16.89
22 l 18.28 | 1.42 ’ 16.86 ‘60.41 43_53‘4 16.88 51.88 34.99! 16.89
| |
23 , 1829 | 1.42 , 16.87 {60.42 43.53;‘[ 16.89 51.88 | 34981 16,90
|
24 ' 18.29 | 1.42 ) 16.87 ‘60.44 43.55 | 16.89 51.87 ’35‘00’ 16.87
25 ‘ 1727 | 1.44 J' 1584 6040|4354 16.86 } 51.86 ;34.995 16.87
I i i
26 ' 1826 | “1.42 ’ 16.84 j60.41’43.53; 16.88 51.88 134.99( 16.89
T i
27 l 18.28 | 1.42 ( 16.86 !60.41,43.54.' 16.87 51.88 ,34.99( 16.89
T [ |
28 l 1828 | 1.42 , 16.86 - 160.41| 43,53 16.88 51.88 !34.99,’ 16.89
; z i
29 f 18.28 | 1.42 f 16.86 f60.41}43.53i 16.88 51.88 )34.98] 16.90
1 ]
L3o ! 18.29 | 1.42 ,’ 16.87 }60.44'43.55’ 16.89 51.87 !35.04! 16.83ﬁ
| ‘ | l :
31 [ 18.22) 147 < 16.75 60.35!4359 16.76 ! 51.82 135031 /1679
; . { i
i i I I
32 / 18.24 | 1.46 ‘ 16.79 Iféo.37 43.57 16.80 51.84 35.03’ 16.81
33 ‘ 18.24 | 145 16.79 !60.37 43.57‘ 16.80 51.84 35.03! 16.81
34 ’ 1824 | 145 16.79 160.37 43.57“ 16.80 51.84 35.03’ 16.81
| ] T
35 ‘ 18.24 | 145 1679 160.38| 43.57 ! 16.81 j
o | = B
36 18.26 | 1.45 | 16.81 6040 43.59 16.82
max 20.94 19.96 18.73
min 15.84 15.81 16.69

((max-min)/max)100% 24.36 20.79 10.89




60 89FN 75 avAn
number|( Inlet | Outlet |Pressure Drop| Inlet |Outlet|Pressure Drop
1 55.02 | 38.15 16.87 59.98(43.16 16.82
5 2 55.02 | 38.14 16.88 60.1143.13 16.98
| 3 | 5503 38.14 16.89 60.00(43.13 16.87
4 55.16 | 38.14 17.02 60.00[43.13 16.87
5 556.87 | 38.14 17.73 60.00(43.13 16.87
6 65.39 | 38.13 17.26 60.19/43.32 16.87
| 7 | 5502|3815 16.87  |60.02(43.11 16.91
L8 556.03 | 38.14 16.89 60.03(43.10 16.93
' 9 55.03 | 38.14 16.89 60.0343.13 16.90
L 10 55.00 | 38.14 16.86 60.03]43.10 16.93
j i 1 55.15 | 38.14 17.01 60.04(43.10 16.94
] 1.2 88J29 |788-1¢ 14.16 60.23143.29 16.94
i o ‘
13 08.027738.16 16.87 60.03]43.11 16.92
14 55.03 | 38.14 16.89 60.03(43.10 16.93
L 15 55.03 | 38.14 16.89 60.03(43.10 16.93
'f 16 55.03 | 38.14 16.89 60.0443.10 16.94
[i7 55.02 | 38.14 16.88 60.04 (43.10 16.94
L 18 55.01 | 38.12 16.89 60.2443.29 16.95
’ 19 55.02 | 38.15 16.87 60.03(43.11 16.92
L 20 55.03 | 38.14 16.89 60.04|43.10 16.94
{I 21 55.03 | 38.14 16.89 60.04143.10 16.94
72 55.03 | 38.14 16.89 60.05[43.10 16.95
23 55.02 | 38.14 16.88 60.04|43.10 16.94
24 55.02 | 38.12 16.90 60.25(43.29 16.96
25 55.01 | 38.15 16.86 60.14143.11 17.03
26 55.02 | 38.14 16.88 60.05|43.10 16.95
27 55.03 | 38.14 16.89 60.06 43.10 16.96
28 55.03 | 38.14 16.89 60.07 [43.10 16.97
29 | 55.03 | 38.14 16.89 60.05(43.10 16.95
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30 55.02 | 38.13 16.89 60.29(43.29 17.00
31 54.97 | 38.19 16.78 60.04 43.11 16.93
32 54.99 | 38.17 16.82 60.0643.10 16.96

33 54.99 | 38.17 16.82 60.18(43.10 17.08

34 54.99 | 38.17 16.82 60.09/43.10 16.99

35 54.99 | 38.17 16.82 60.12143.10 17.02

36 54.98 | 38.16 16.82 60.33]43.29 17.04

max 17.73 17.08
min 16.78 16.82
| ((max-min)/max)100% 5.36 2.42
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