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Enhancement of combustion efficiency of a air-cooled combustor
system with single F.D. Fan Using CFD
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2 % & A+ mulii fan W49 “FYA] ALHR"Y] AR EAHE single F.D. fan 2 thA|sto] 7|44
7171 9ol CFD XA, A4E W §-524 Hsts E45te] EA™ES sttt ol& /M4t sl d437]
FUFRE AU, T Hsll 2 AdhaE S FXEH0E Hrletgch B AA Aadu]o] X514
AIE wrgsto] 12ALAES S & N AT ALEES APH O R ZH5I5rh WA 7]E Single F.D fan ©] 38
H daguld et £X814S B, 2719 REE FFEE dAFVI7F 74§29 upEE xjolgf o] Wtz <l
ALZ oA FFul&o] EFZstA Hol Mgl dazAS At & e dFFAo] oS skt
ol& MAlsH | $JEiA AR FYshe 371 FF WS F 7R Uro] A4S Shglch A HA B2 A
371 9ollA 180 ~ 360° FH F dlFH AAF77t FYUH= Fxol tote] FESFHIL, F HAE A4E Yol
A 4= Qe HQl(vane) T2E H85t0] AAE HoA] 13} et & AAE YR JAWFoR ALF7|7F FY
HE Fxo] giste] AESIAT I AR, single F.D. fang 7H F84] A4z Aoz T7|& FUT 4L,
A4Z 9Bl Yzlal A4AZ Y SHETH AAE A5l olF ¥4 S e HE +2& F8ohe Zo] A4z
< HHsloted vAS A0R Uehgon, A4 2959 Auld] HEst MM Ao d4aeE vug A7
dirFLO| MAEE AS AT 5 U

Abstract This study investigated the enhanced combustion efficiency of an "air-cooled combustion
system" with single F.D. fan, and performed a numerical analysis for the operation and design conditions
to increase the combustion efficiency. The combustion efficiency in an actual combustor was compared
before and after the structure modification. Numerical analysis for application of a single fan revealed
the difficulty of forming a turbulence for circular combustion conditions. This is because the supply
ratio of combustion air supplied into 2 flow paths becomes irregular in the combustion furnace due to
a change in friction force and pressure in each flow path. Subsequently, two methods of supplying air
into the combustion furnace were analyzed numerically to obtain the optimal combustion conditions of
an air-cooled combustion system. The first method involved injecting the preheated combustion air after
a 180~360 degree rotation from the outer wall, whereas in the second method, the combustion air was
injected into the combustion furnace in a tangential direction after primary heat exchange outside the
combustion furnace, by applying a rotatable vane structure in the combustion furnace. Results reveal
that application of a single F.D. fan to the air injection into a rotatable combustion furnace is desirable
for optimization of the combustion conditions for applying a duct structure having a dual cooling wall
for the cooling of the outer wall of the combustion furnace, and for maintaining perfect mixing in the
combustion furnace. We therefore confirmed enhanced combustion efficiency by comparing the actual
combustion efficiency before and after structure modification.

Keywords : CFD, Combustor, Path lines, Temperature Distribution, Velocity Distribution

£ =E2 FELTR/AELTHENEAY Ao FPEYS(TANS 21DPRB-C161883-01).
*Corresponding Author : Hung-Suck Park(Univ. of Ulsan)

email: parkhs@ulsan.ac.kr

Received March 11, 2021 Revised May 10, 2021

Accepted June 4, 2021 Published June 30, 2021

460



AR GerE o] 88 T $3717F I8 394 A4AH 9 T8
1. M2 o} 3 71&0) ol&E= T4 AT oES B
o 599 AAZ7I7 HEAT & dAR YWRE A
e 31]]7]“ S 18EE oA GIste] Ao X FUEHAY daz yH9] F7AES FA% T Fd=
BARES A7) A5 OFet 7T s & AR ARRSIE oY oldE A4 o I
o] A °“EL7— AL, A oUA = A7), A" SoR A AR YEE WdEE 95 8] JoiA &9 4
A I U A E thadohs 30l &8 = HYR F3EE FA Hol WS ASHAIFIAY A
NEE AMEA FHO YEYA d9F 5 YHAEA 5 ES Wofste] EFAAAE dor)7= dlol H
TE5Z A% 92 E550] AP O]‘:Hl 21 7% gt} o] Ag EHAAE g AstEAY
H715E YRSt 34004 ol8ote E4E:=  IAR0] S7HEL AIRE AT Aol Eof IRV
H71E AFAER SRF (Solid Refuse Fuel), A4 Edol o HiEd 4 Slo] | gHiETIE S w
€ A2l ASR (Automobile Shredder Residue), I &A|7]7] o#FYA Az FHo| EAFo] At
1 At AR 7| Eo] tFoE ARSEDL §lom, o] [6,7].
o} Z2 H7lE d8E afH o= o|R|Fstr] {154 o} Z-2 FAIHE FESI] Aol AAZEoA single
AaAH] JeidT oA =g FRE 9t A+ fan 8] AEED gloH, oF gt AuriATt &4
T A&AoE AP QUrH3] 27 9 A8 A EF0] @7E g1, 7]& AH|9] A

a9, H71E AR oYAEHE AlsiAe Tl
&oto] 5j7hE WS o Sl=d], ASRS mHIEEA
FEES 55510 oUAZFA oA AHA|SES
60% oVd FHEFAIACL 51, H7EE o RE AEE
Holl 55| AZtI3|GAI oA 75% ol WAl
Aol T 2 59 UAIFRES FHES
A5} o] 91‘4[4 51

60% o1 =2 RS FaES FHEl7] o)A
7129 Oq/\‘ﬂ]'”o] AEA, BEEZE, -5 AT
o2 FEQl 3984 A4adnE] Zido] JgET glor,
IPARAE AEALEAIE, AAYHH] 191 H7E
AYAA T 2 OFe 34 285 Yo &
A71& o] XF= Q= AgolH14,15].
E;], F4] AaAHoflA ARRED Sl A4
WS A-goto] U FFoE U <
= 08 B wet FD. fan(dd
/\_\171)2 smgle E+= multi typel & AT = =
g FZolls 199 fano 2 AAF7|E Eufjsto] FYUs}
2 gsto] 27142 H]e 2GHE £0|

10

O

+ single types
3, B EQIEES FHAoR] e A7t JFPEa
ot FAH o= 2t fang ARSI AAT7IE S
Ysh= multi fan 2] F¢- £ Al &% fan] FFS
HAAZIAY, 2] b B3 #9084 7= QI8 &
A FFe IEH Wirol Yo Eohe B
em, o] 2 Qg A4g W HIFE FAI5H] ofdL
z7] AR Aol 299] fandA|o] o2 I FEE ]l
o Aadu]o] FApE] F7ReF fAIEE ZJAE F7t

£ AdFst 2 298] 571 59 wAIRe] AUdH. °l

A

461

=0

Aoy A9t pilotdr] 9 AZHH|HAE B3t AZLS
We Agaest vgol ARHNR QS §
Aol v Bl YHoR AL giet. of=fet v

U e a0l S8 G A 240

o]

o

O—r‘ fe ¢

E 24T 4 9lo] ohgst 2ol A Z-8H L UtH8 9l
mhEhA 2 Aol A i o] 2 EES P
7] #13f single fano] 284 A4HWE o= AiF

7 A RE SUE ] GATE A8 U dag
7] E3eIR g Wl dATY] FYRAT HY da
20 AT 4 Sl YAVIE £301el 28 e
2 Aele] A 9 ALES Pl HEskas e
2. %X|5HA

At 7hARTt aste] WMoz NS Pt
Aog a4 AAE foiAe e B2 AES 1L
ooz, 4349 488 5 dox s

ko

T wT—

1A g gofl
whehA L&vﬂl‘ﬂdrg ol-ggt E/\}

E% =
e B3 S-S EY oherst 7401]/\—1 ai’—]% o=t
& gov], §5e sk WINEL F35] 283
HY g daryd Wols $9 4 9lo] Agzom
TFHE5l] o8E RETIA RAHIE B8 29E o=
& & U= Aol ATH10.11]
2.1 SX[ollA] L

& AFolAs SASHA 28 LUENTE o]



SHARSH7| &38| =R A A2238 A6, 2021

RSN
=

sto] BARHIAL, Aol W WA AE9] ol4tst
o g 95k4 A (finite-volume method)S ARE
St 183 BE A4S AFAHE B4 (upwind
differencing scheme)& o]&so] =Fo}F o, ¢
AE Fob7] Aol A& PATY 5T HAE 2%
Al71E R 319 kAol &2 SIMPLE(Semi
Impicit Method Pressure-Linked Equations) @1
&S ARSIl

ESt o1 o]t (under-relaxation)& ARgdto] 4=
AL E30H, WS AL SEHFEY FHFEE
A3 Ydto] YdojA|(Residual ; R)E AZ3FHEA o
2|7} 107 olslo] sl SHE AoE 7HEsiAnt
[101.

max |¢" 1 —¢"| < 1073

M

2.2 o 2 A A =U
BT 49 dadils 95 FHolH, daz Y

o= WaE oA
ton/hrolth. 2= A7FARA],

AEY, ARFAHAE A4 SHELof| Yx|5Ho] 2jFo]
A durl AgHoz FoE 4 JrE HA5H T

p=h

A4A Q2 o]FFXZ Ho] 9Jo] Fig. 1914 &
T e v} o] FFVNE B 4RY 3717 A4l
WE el eAtelE FaetdA $ARIE 7HA 1, oF
371 HetHA duglEo] AIZV|EA A4d U
F&2 FAd

FUAAE 13 A23717F 60%(QS) 50% + 10%)
07 iR AR HES 59 4 =S dH|
o|E3} it v FE AIclHA THEHES
AABRLL, 27 ATV 40%(Q2] 30% + 10%) ==
AdHi7EAS] FAALE ol AAaRE o] Fst
o] A4E FAHOE ALTVI7L dREFe] 2 4 Uk
E dAI5to] 285t Fig. 29} Fig. 32 Aadule}
37159 dH9] JAZ=} 334 AI54E- Gridet 3
Y BEgS Aokl 2™, Control volume 4ol
AHEE AASE 1,127,682 cellselth.

E Fo) AREH A= TP ATAZO|H, Y4ARA

9 £/ Table 13} Zo] & 1.54%, 3& 8.90%°]
Qlow WA= 7240 keal/kgS A3

462

10% of Q
Exterior Material

+ Density: 8,030 ke/m* 30% of Q
« Cp:502.48 j/ka—k
50% of Q

+ Thermal conductivity

116,27 wim—k

10% of Q

@ ()

Fig. 2. Features of Single F.D fan type furnaces.
(a) Feature of Furnace (b) Grid Configuration

Fig. 3. Features of damper structure & grid
configurations.
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Table 1. Characteristics of waste fuel(SRF) Table 4. Case studies for the outer wall structure of
combustor
Contents Unit SRF[13] Sample
50 under (Dia) Cases Structural improvements Conceptual diagram
Shgip;z & mm 100 under (Length) Accept (exterior wall)
Pellet type -. Conventional type
LHV kcal/kg over 3,500 7,240 . Inside entrance : direct
Water wt, % 10 under 1.54 inflow into the
. Case 1 combustor.
Ash wt, % 20 under 8.90 -. Outside entrance :
ol wt, % 2.0 under 1.00 entered into the
. combustor after 180
S wt, % 0.6 under 0.01 degrees rotation.
Hg 1.0 under 0.5
-. Improvement type-1
Cd 5.0 under 43 -. Inside entrance : direct
Metals mg/kg ) X
Pb 150 under 44.9 inflow into the
combustor.
As 13.0 under N.D. -. Outside entrance :
Case 2 .
entered into the
combustor after 180
. . degrees rotation.
Table 2. Operating conditions -. Additionally, installation
of the inner wall
Item Unit Condition
. Improvement type-2
SRF Feeding ton/hr 1.5 -. Inside entrance : direct
Excess air ratio - 2.1 inflow into the
3 combustor.
Flow rate Sm’/hr 26,158 _ Outside entrance :
C 3 entered into the
ase combustor after 180
d tation.
Table 3. Simulation results for the distribution of ' Aedirifsngﬁf lizzmumon
air flow rate per each injection pipes of the inner wall :
Injection of air through
No. Flow rate (u’/hr) Distribution (%) the vane
total 26,158 -
b lower 8,366 32
c section 4,122 16 0} 7H-’] E.D. fang 34%'5]'%\— HH ﬂfj\_—‘—ﬂ«] HHH
d middle 5,339 20 Oﬂ U::I't‘ dE]'iTE‘Q]' ‘19:1:'—'\1_‘—'}'55 ‘—9—:1—?16]'7] HB‘H/\:I 1:1’1_1—1
e section 3,956 15 71&/4u]9] BLE Case 12 F1L EA}E AP0
f upper 2,009 8 o, FZ2e dad7] FARNA FFEHE L3717t
. section 1,008 4 3t 7o) 207 HAAY QH¥e 3 ?JQ—': Fefoltt.
b [ branch Boi 3 T3 AR A4 Ggo] FSIES F sHxe]
i section 4 2 N
‘ = 492 328 /Mstel BAIEE WPk A 9
A HAFE Case 2= IS o L F7I6t] 2%
A7) YL 71E TENL U B Casel ol 3o 2 2U S SRS obs] B7] WAL
I 2714 FHE 7H*451 Case 2, 302 32 WAH F 22 3 vigel SYsHA 5141, F A4 F&2 Case
HE 28513em, Case B2 AlOJAIAE #4319 2 32 2zuo) &3S 2/l5l7, o] Yoj= Z7]5=
ot Babe Sp HQke ol 23 ¥ FREA 37 A
gole HH} Lol] AT AAS BHOR Table g iz o GHHAHE o] ol =S At 9
49 go] A2T7IFURTE FUFE FHOl WE 5wy I dLTVE F83| ddsie] Fe &
42 o] 7|7 FAE UL 3l Al A ojw= sl

78 Sy,
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Fig. 4. Vertical velocity fields of combustor for Case 1.
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Fig. 5. Vertical velocity fields of combustor for
Case 2.
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Fig. 6. Vertical velocity fields of combustor for Case 3.
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