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Wapo] A9l v

RSN

O.u

L& ~EdeY e #88F Hol, pyo A4S
(dynamic viscosity)S =3k}

K= 2=E# oyl FgAad F3&(permeability) 2, 471 ~E
ojlUE dvty A EFet=AE HE W= Aot e Ha A
Aol whel o2 S JHAY, AT g FEe AF4, FA4 A
T7F A3 gth Darcy's Laws gubd oz 2](22)3 7Fo] jepdlth
[3].

o
O:

171 VP=AP/LoY, Upye 2E#HCHUE Edsts= i #5419
HEEs oulsir, 9 4(22)& FI =EdfouiE FHste K¢
et A BAE dede & 5 At (3]

2ol AL FAlo LRt AL uf = HAd Al oAt
deEEdo] HAst= Agelwt A&o] Jhestt. al&e fFEo] ZEH
oJlUE EHete A5, WFY dHAsteE 71=e AAAAFE oy, =
& &7 od) WAstE WA A & (inertia resistance)?] <3S Wrol Qb
b7 el tia Bl dAE HEhy=dl, ©]E Non-Darcy-r&
olgl dH =T dHAIE FAYAEe npE A A friction factor, f)E F
& 7]F Reynolds F(Rep)d = 2(2.3)7 o] mdstAth [3].

1
fK—R—eKvL Cr (2.3)
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o] 714 Cp= Z=E#olUE FHsts EFsolA #4389 g3k
ols WAstE dHEAsE AHste B AILA Ergun Ageolth 1
aopes A B, pss FAC AAASE vEbdn. B3 £
Re= 247 21(2.4), (25)% o] A<t}

(=) (2.4)

U L{2
Re, = L (2.5)
Ky

2.2.3 Forchheimer ©| &4

gutz o 7 JlAERA AEHo Y9 e thEA A o
Aol A%+ aAEHEFEol™, Non-Darcy el $H4stE detdth
& Darcy’'s Lawoll #AAZT oz 23 tHALEE

21(2.6)3 7ol A ejgi.

__ Hy Cp 2
VP==—=-Up N Up (2.6)
2 AFNAE FTIREAA HAEE FI 2EHOUE FHse
Al <k=#7etE T+8kal, Forchheimer o] 248 #&35te 2Ad x4
~Edoly 1 FHE(K)I AAHAELS Ergun - (CpHeE 25T
5, 7F=EHH 59 Tjr’\] Forchheimer ©]&2]S #&3to] 2A| 7}2~¥F
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Model Suto. S421
g 1.5% of reading
e e +0.3% full scale
S0t Repeatability 0.025% of reading
: Amient Temperature -30 ~ +70C
Material SUS 316L
Operating Pressure 0 ~ 5 MPa
Flow Range 0 ~ 500 m*/h
Power Supply 15 to 30 Vdc
Model APT3500
Accuracy +0.04% of Span

Amient Temperature -40 ~ +85TC
Working Pressure Limits 0 ~ 25 MPa
Hydrostatic Test Pressure 38 Mpa

Power Supply 12 to 45 Vdc
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b
EAF t& A=

X—u
P (3.1)
s/ VN
71X X RRBF, p BABT, st P RFALF, NS 4S9
= 3= 2= = [e) B sr 3¢
Ag ST, Ed, AE] AF7 30 olshel S T-RE HE
2y — -

FFIHO)S 2 (3.2)F 2ol HHSIH, T-#X HolEL 1% 359 yE
ok

- S ey S

X~ )= X+t —— (3.2)

n n
¥ 35 T-#¥ %
Degrees of Amount of area in one tail (X )

freedom (V) 49905 0.001 0.005 0.010 0.025 0.050 0.100 0.200

1 636.6192 3183088 63.65674 31.82052 1270620 6313752 3.077684 1376382

2 31.59905 2232712 9924843 6964557 4302653 2919986 1.885618 1.060660

3 1292398 1021453 5.840900 4540703 3182446 2353363 1637744 0.978472

4 8610302  7.173182 4.604095 3.746947 2776445 2131847 1533206 0.940965

5 6868827  5.893430 4.032143 3364930 2570582 2015048 1475884 0919544

6 5958816  5.207626 3.707428 3.142668 2446912 1943180 1439756 0.905703

- 5407883 4785290 3.499483 2997952 2364624 1.894579 1.414924 0.896030

8 5041305  4.500791 3355387 2.896459 2306004 1.859548 1396815 0.888890

9 4780913  4.296806 3.249836 2.821438 1.833113 1383029 0.883404

10 4586894  4.143700 3.169273 2763769 2228139 1812461 1372184 0.879058

11 4436979  4.024701 3.105807 2718079 2200985 1795885 1363430 0.875530

12 4317791 3929633 3.054540 2.680998 2178813 1782288 1356217 0.872609

13 4220832  3.851982 3.012276 2650309 2160369 1770933 1350171 0.870152

14 4140454 3787390 2976843 2.624494 2144787 1761310 1345030 0.868055

15 4072765  3.732834 2946713 2.602480 2131450 1753050 1340606 0.866245

16 4014996  3.686155 2920782 2583487 2119905 1745884 1336757 0.864667

17 3965126  3.645767 2898231 2566934 2109816 1739607 1.333379 0.863279
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T AUtk 0471*1, AE 1070 ek AfFEs 901H, 95%9] 24t
gk agt2 0.0250] 4

Sy jo = 2:262 X —= (3.3)

O joe 871 SslM = A zdel mep FASZ=(Up) Wetnz
2(33)& A&ste] vebd = Slrh el Adxzie] wep Atst
(AP)st FALE(Up) 25 W= apy,, e T S8A= 2
Aol Aapgas Agskoof st 4(34)% 2ol YERd 4

2 2
Su SAp
Saripinu, = (APIL)/ ppUp X \/ 7 T =p (3.4)

ok oA AA$ Forchheimer ©]&2](2]26)0.2HH ZEdo
FHEHOH AL Ergun A (CpE 87l S8k 6, %
Oapinpu, st AHTAE 5 7HA Be] =Ed o] H (mesh, porous)el
sl ALtstdom 10M whHE Aste] d2 A BEHS Vo
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36 T-+X & o]&3 Axgty A%t
Up/v (APIL)/ 1y Uy
3t M= 3 A 3t A= 3
6.17e+06 5.83e+07
6.27e+06 6.01e+07
~ 6.36e+06 ~ 6.18e+07
6.23e+06 1.51e+08
6.33¢+06 1.54e+08
~ 6.42e+06 ~ 1.58¢+08
4]
()]
= 6.21e+06 2.45¢+08
6.31e+06 2.51e+08
~ 6.39¢+06 ~ 258¢+08
6.21e+06 3.56e+08
6.30e+06 3.67e+08
~ 6.40e+06 ~ 378¢+08
6.30e+06 7.37e+08
6.38¢+06 7.62e+08
~ 6.47e+06 ~ 7.88¢+08
6.26e+06 1.59%+08
6.34e+06 1.64e+08
~ 6.42e+06 ~ 1.69+08
¥y~
()]
s 6.31e+06 2.68¢+08
6.38¢+06 2.73e+08
~ 6.46e+06 ~ 279e+08
6.30e+06 3.81e+08
6.38¢+06 3.80e+08
~ 6.46e+06 ~ 3.98¢+08
_ 22 _




33 4d4d% % u%F

3.3.1 ¢85t

)
doly= F3stE 4= Non-Darcy %

Z A dE st o Fo Al A A S Forchheimer ©] &2l o2 T &g}
Uy (3.5

H(35)e obdhst 2ol FA & vk

P Wy Cp o
AP iy Cp )
1 AP Crp U, 1
)= ——(—2)+— (3.8)

Up

(O (2 ANze @ qYA WA

pUp L
Bttty 4elA v}t [3][11]. =3k 2 (38)dA ydHe] 1/K o)a, A
Aol 71Nt Cp/VE 9 & 5 9

T 7HA B9 2E#ol e dia) 132 APz o] fg st A
7.

2](3.8) 1] A
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F37 WHEY 2Edoly gHAds 49 Adx

ole] %71 (Pa) 100,000 | 200,000 | 300,000 | 400,000 | 500,000 | 600,000
13 | 102 157 206 257 306 380

23] | 100 160 204 248 308 378

33 | 102 157 205 256 320 394

Awoagy | 43 | 102 156 203 248 306 381
~ 53] | 101 159 204 255 315 334
WEASHAL) Fea 07 | 160 | 210 | 263 | 313 | 397
(Pa) 73] | 101 166 208 260 317 392
83 | 104 160 206 259 328 398

93] | 102 163 213 252 313 394

103 | 103 161 212 256 328 383

13] | 211 340 480 650 850 | 1037

23] | 218 344 475 648 844 | 1016

33 | 208 350 471 642 854 | 1031

Arhzsgrq |48 [ 211 339 485 654 856 | 1074
cre s ap | D8 | 206 344 477 653 824 | 1031
63 | 221 343 484 641 861 | 1028

(Pa) 73] | 223 351 489 659 871 | 1017
83 | 219 338 488 642 874 | 1066

93] | 217 341 496 651 857 | 1016

103 | 205 359 477 644 846 | 1033

13 | 410 651 856 | 1058 | 1348 | 1791

23] | 408 647 851 | 1036 | 1338 | 1756

33] | 403 658 848 | 1053 | 1341 | 1748

A7l210gmy | 43 | 399 639 861 | 1024 | 1323 | 1823
crer s ap) | D3 | 416 641 866 | 1038 | 1361 | 1798
63 | 409 649 855 | 1062 | 1351 | 1797

(Pa) 73 | 404 645 841 | 1044 | 1348 | 1833
83 | 401 641 857 | 1021 | 1341 | 1778

93 | 398 658 838 | 1034 | 1358 | 1750

103 | 411 639 869 | 1066 | 1321 | 1814

13 | 692 984 | 1276 | 1540 | 1898 | 2441

23] | 682 995 | 1278 | 1538 | 1864 | 2420

33 | 679 987 | 1254 | 1543 | 1872 | 2449

AAmongsq) | 48 | 692 983 | 1267 | 1541 | 1898 | 2438
erei7aa p) | 02 | 690 969 | 1268 | 1528 | 1920 | 2410
63 | 677 990 | 1238 | 1549 | 1948 | 2438

(Pa) 73 | 700 974 | 1288 | 1550 | 1943 | 2560
83 | 702 978 | 1249 | 1546 | 1910 | 2324

93] | 688 987 | 1241 | 1541 | 1905 | 23%9

103] | 698 986 | 1273 | 1551 | 1878 | 239
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%38 TH2EY ~Edoly dHEAE A Anx

e =7 (Pa) 100,000 | 200,000 | 300,000 | 400,000 | 500,000 | 600,000

13] 112 190 261 339 418 506

23] 110 188 260 337 416 510

33 113 191 258 340 419 oll

7] A} ) 43 112 191 261 340 420 515

53 121 194 265 337 430 528

63 114 190 266 345 425 525

(Pa) 73 | 114 196 261 343 432 524

83 116 194 267 343 436 535

93] 114 195 273 350 433 539

103] 119 196 272 352 447 550

13] 264 394 563 705 921 1136

23] 264 395 o578 711 923 1134

33 263 390 569 723 931 1141

53] 259 397 546 704 923 1125

A=5g=e) | 43 [ 260 | 389 | 54 | 689 | 918 | 1127
oL
H

63 270 402 560 703 925 1139

(Pa) 73 | 264 405 575 712 917 | 1122

83 269 399 573 709 911 1148

93] 267 397 o561 700 934 1137

103] 266 397 096 699 928 1130

13] 429 689 928 1199 1495 1979

23] 427 685 923 1225 1485 1944

33 422 696 920 1229 1488 1936

271210g5Y 43] 417 677 933 1227 1470 2011
53] 434 679 938 1191 1508 1986

oled 715
WARSHAL) og | 4o | 67 | 927 | 1199 | 1498 | 1985

(Pa) 73 | 423 633 913 | 1211 | 1495 | 2021

83] 420 679 929 1256 1488 1966

93 417 696 910 1238 1505 1937

103] 430 677 941 1226 1468 2002

13] 711 1023 1348 1712 2050 2632

23] 701 1035 1350 1720 2016 2611

33 699 1026 1326 1725 2024 2640

712205 43] 712 1022 1339 1698 2049 2629

53] 710 1009 1340 1711 2072 2601

oled 715
WARSHAL) o 697 | 1030 | 1310 | 1705 | 2100 | 2629

(Pa) 73 | 720 1014 | 1360 | 1730 | 2095 | 2751

83] (22 1018 1321 1705 2062 2515

93] 7103 1027 1313 1719 2057 2580

103] 717 1025 1345 1722 2030 2087
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AP

1

6.00E+08

@ 7|2 &EY (Mesh Type Strainer)
5.00E+08 | W E7tR(se) Y
~ A 71 (10g) £ Y ,
|2 4006408 | + w2095 )
\J 4
5] ; |
«  3.00E+08 - _ i
- ;
..... +
2.00E+08 | — P
___________ P
& lllll ..<..-~'""'.'
1.00E+08 - e
| § .
TR o - -
0.00E+00 : | | | |

0.00E+00 2.00E+06 4.00E+06 6.00E+06 8.00E+06 1.00E+07 1.20E+07 1.40E+07

%(m’l)

L (28q

a9 3.6 AR 2EdeY WUy L V

| H e 2Ed o] (Mesh Type Strainer)

1 AP U,
A (25) = 418—2 + 3.3le+7
pUp L v
] 1 AP U,
A7} (5g) %9 (=) =129—2 + 6.78¢ +7
wUp L v
. 1 AP U,
A7+ (10g) %) ¢ (=) =21.6—2 + 1.15¢+8
pwUp L v
. 1 AP U,
A7 (20g) 59 - (E2) =25.7—2 4+ 2.04e+8
pUp L v
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7.00E+08
o 7|2 M (Porous Type Strainer)
6.00E+08 1w m71(sg 54
A H7IE EOQ|
~  500E08 | | 2IT0ITE |
%= " 271300 59 +
o/ ‘ E:
2 4.00E+08 -
- |B A
5 ¥ Lo
3.00E+08 | ] i
+ e el
200E408 | | e il
..... e
1.00E+08 - ——— ‘ e - i
0.00E+00 T T T T T T
0.00E+00 2.00E+06 4.00E+06 6.00E+06 8.00E+06 1.00E+07 1.20E407 1.40E+07
Up
-1
—{(m
(™)
_ 1 ,AP Up _
1 37 xHaEg 2EH Y (——)sk ()9 A aA
pwUp L v
¥ 2e¢ 2E# oY (Porous Type Strainer)
1 AP U,
71 2t (=) =7.98—2 + 3.15¢+7 21(3.13)
pUp L v
i 1 AP U,
A2 (50)EY (55) =16.1—2 + 6.83e+7 21(3.14)
wUp L v
o= o . 1 AP Up :
A7 (10g)F< - (—)=261—+ 1.11e+8 2 (3.15)
wUp L v
e eo . 1 AP Up
H7FF(209)F 9 (—)=130.1— + 2.0le+8 21(3.16)
pUp L v
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F 4 B 2Edo

]
o 19 3.8 e

7.00E+08
® 7| 2 4EH (mesh type)
4 HILE (55) T Y (mesh type) @
6.00E+08 - = H7LE (10g) £ Y (mesh type)
* HIE(20g) T Y (mesh type)
— 5.00E408 | ® 7| 2 4EH (porous type) g ‘
% I Y 4 H7IE(58) T (porous type) e §
~ 4.00E+08 - uH7E(10g) T (porous type) . * W
a : e o
* HItE(20g) FY (porous type) ot i
2 3006408 @ A R :
g, s
2.00E+08 -| T
o & a
- . ”
1.00E+08 -| & A .
it & e =
0.00E+00 T T T T T T
0.00E+00 2.00E+06 4.00E+06 6.00E+06 8.00E+06 1.00E+07 1.20E+07 1.40E+07
Up
—@m™)
v

29 38 AEYT we 2 ~Edoy GEge ARAR v

H =
st7F LAstS Flstdnh ol ARE AHEgS w o=
P ol wta fFEFol A&(AEH) FHAAA kEAete 2E# Y
Pl 27 e WA o e, st w3 o] E(n

(
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ol E niEo g 2 (3RQEHE HAMo 71&77} OE/\/]_( o)1, yA
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3.5E-08 0.0030

- FIE (K)
- Ergun & (Cp)
3E-08 - 0.0025
(=) y o
% 2.5E-08 oo 5
& &
W  2E-08 - <2
- 0.0015 @
i
1.5E-08 |
- 0.0010
1E-08 -
— - 0.0005
0 ; : : : 0.0000
0 5 10 15 20 25

1% 39 WiAE 2Edol rEAe] e S8 Brgunds B

# 39 viHE] 2By kAt wE F3Ed Ergundr

w41 Er ) 2= oY =392 (K) Ergund4(C)p)

7] -7 el 3.03e-08 71.48e-04

HA7MF06 g) 7Y 1.73e-08 1.67e-03

H71F(10 g) ¥4 8.69e-09 2.01e-03

H71F(20 g) ¥4 4.89e-09 2.41e-03
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- F3IE (K)
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- 0.0010
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Abstract

A Study on the Pressure Drop
Characteristics According to the
Shape of the a Gas Turbine

Combustor Strainer

Kim Jun Gu
Department of Engineering Practice
Graduate School of Engineering Practice

Seoul National University

Since the gas turbine combustor 1s a high—-temperature component
and there 1s no facility to measure the pressure drop of the strainer
installed inside the fuel nozzle, theoretical and experimental studies
were performed to understand the pressure drop characteristics of
each strainer shape in the actual gas turbine flow. The flow through
the strainer is a Non-Darcy flow in which the pressure drop with
respect to velocity has a non-linear relationship due to the influence
of 1inertial force, and the Ergun -coefficient which 1s the intrinsic
transmittance and inertia resistance of the strainer, is derived through

the measured pressure drop data and Forchheimer’s theory.
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By installing a mesh type and porous type combustor strainer of
the Seoul Combined Cycle Power Plant gas turbine M501GAC model,
the experiment was conducted while varying the pressure and flow
rate of the incoming air under the condition that 5, 10, 20 g of iron
powder was added. The strainer’s intrinsic transmittance and inertia
resistance, Ergun’s coefficient, are shown. In addition, the pressure
drop was predicted through the Forchheimer equation by
applying the strainer shape factor derived through the
experiment to the actual flow of the 180 MW rated output gas
turbine. It was confirmed that a pressure drop of 0.74 bar for
the mesh type and 1.06 bar for the porous type was formed
based on the basic condition.

In fact, by comparing the average pressure of the combustion
chamber nozzles after operation with different strainer shapes of
Seoul Combined Cycle Power Plant Units 1 and 2, it was confirmed
that there was a difference in pressure drop of about 0.3 bar. In
addition, the amount of change in power generation output and gas
turbine efficiency according to the strainer pressure drop were
confirmed. Based on 180MW power generation output, the gas turbine
with the mesh type strainer had about 4AMW higher power generation
output than the gas turbine with the porous type strainer.

The efficiency of the gas turbine with the mesh type was about

0.2296 higher than that of the gas turbine with the porous type.

keywords : Non-Darcy flow, Forchheimer Equation, Mesh Type
Strainer, Porous Type Strainer, Transmittance, Ergun
Coefficient

Student Number : 2020-23036
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