EREECH = £ I B K # % MEKFER Vol.8 No.6
2007 4 12 JOURNAL OF AIR FORCE ENGINEERING UNIVERSITY { NATURAL SCIENCE EDITION) Dec. 2007

ETFHE $1§IE’J%%?1¢EJJ};@H+%Z'€§ME
W, X, LFA, K A

( SETRRF TE¥RE, Kl Hk 710038)

W OEARTEIHEETFRMRANE, R KA Gibbs R E R EANEFE F W
WBHETTHE. AEANTEERTFERRRERE=YH IR, FETFERIEANL
RN R R K N AT R R R E B ER R T R N AT RIE TS
FARFEAE K BB E P B IR 8 7 AT

KRR R E ;F B FIRE M ;Gibbs B i e

RESHE, VA0  SCRERIRED:A  SCEHE 1000 —3516(2007)06 - 0008 - 04

SETFRRAWAMNEF. EEF AE T AHENSMEEERNARMNESE BRYRNFENE, E
EER EREBPEMRBEESSE, BRndEdSm B ENEE FRAREERA I FFEFET&
(Non - thermal Equilibrium Plasma) , Sh2E%F B FANEFE FIRE R A L7 FF/R3C, T B F X SR A
PR, NTTTE R 2 L de P X b R R+ Rt -2, -

EETARBEFE 20 2 70 E£RHEIE T HEEERNIZRE, ZSCRESHEE FERBIR TR,
T H B £1E 0 45 B F BhR l At RS, B MG B R E FR RS B . RS RERR=E
PSR TE B E KEERMFREMR T, R SE F AR AP KA B PRES, MEREE
BT SO B B Z T B SRR S B R B R R 5SS RE i ﬁkiﬁﬁﬁ%—'ﬁ%ﬁ?ﬁ
AR M EARTT AR, DUA B3R MRPER E IR S M PR AR R HERIS B H 6

A DA 3E B AR ZE BN AL K 2 JE 3 1 2 5256 Z ) Rodney Meyer, Bryan McEldowney # Igor V. Ad-
amovich %5 \ 32t ) BRI G S T B S B F AR B B RC! IR RN P B/NE T
H1 8B ( Gibbs free energy) JRIE , i LA AT EERF CEA, HEMES KB EME: RHEFE FREARW
BN, R B IR B B Bar= AR 4k, AT S5 BT F BRI BCRSE AT INE , A LRI IE % .

1 FE TR L IZ M Gibbs B W fem/ MR

1.1 EBFEHNEELERAR

% 8 TR E Stk A s, B R IR B LB, X b= N TR fl. I PEEE 1K
RO B RER B B IR RO 235 NG SR 43 T 305 , (0 5 71 Bk v 3R 45 5z B 7 Y BE B SR 0%
SR EREED R, AR T IRIR R AR &0, RN &R, F F THE.

P HEE RSP HRET I REXREER , Xl SR E R R i e 58 FARs & 5B
FH Ao IEFESE TR DL A2 S pEap s A e st nl . M RERAR 5 RN & o2 AR F
ERAIBESORES , T AR S R o] (6 S N 4 F I RESE ISR BE B B X TR, B F o b th W R el 3
BCEH B, AR A B AR B S 18, N LRI B R i 4 F & A T e g, Bl R R A, Ik
B8 BRSSP T , e S AR 4B T A0 h e SR M R T B R B AT A R T
1.2 Gibbs B EER/MEIRIE |

s H 8 ;2006 - 09 - 26
EEME: BEAREEIE K I E (50776100)
{EE & BB PA(1981 - ), B WEERA, BLAE, FENSENS EFRETR;
3L BA(1959 - ) , B Wil EEAN  E#F LA SM, TENERSHEXRFEHFR .



%6 4 B8 1 P4 BT AL AL A 4 B T AR B R 5 407 9

L2.1 {Rig&HF

X FRAMPET R, BRRGEL TIFEFHRRE, BIIE 0 SN B Tl m A, RAE NS HS B
WEARBER A 1. Foh, BB T RE : OR&KAELHA M NEESE, B0 E R R AR E
RENZMN; QMBI IR %S E AN ; ORI MM EER . =S4 THRMESRM(298.15 K,101. 325
kPa) 1 21% 0, ,78% N, 1% CO, 4H ..
1.2.2 REFE

SEFRSFEL(D) . BEYHSTFRE M EXRLA(2),

PV = nRT (5% P/p = nRT ) (1) = (;n’%)/;nj @

H(1) F:PV.n T Hp HEEWRMES(N/m®) , LA (m® / kg) JERE (kg — mol/kg) IREE(K) ML

(kg/m’) SAABH R = 8 314.3)/ (kg ~ mol) (K) o 3K(2) F:M, BYRj M4 FE,n, RETHRBESYWHY

Bty 89 ke - moloF(2) RUER RGEERL B » FHYRP , SEVERMAL - m, IBESEYEMAm +1 80,
1.2.3  Gibbs H H1REMER/ME

XFF n Y RARAESY, BT RIESYH Gibbs B HFEAR(3) , KRBT - B/RYRj KLFE

FEXHR(4),
g = Yun (3) b= (o), @)

ﬂz%‘??ﬁf (21 Gibbs B i REK IR/ o X F B/ MU SR T HU R ) — iR B P R )

Tom-8=0 (is120m0) (9) Mo -4 =0 (i=12,-0) (5)

A, ﬂ; SRR o HETE - BERWE; PTEMTE - BT, HATHETF LRt
BilNFH - BETE, ERENGEREA S

Ean(izl,Z---,l) (5b)
AETHREWF TR i HTRE - F?ﬁm
EX~ECH
' G =g+ i/\,-(bi -b) (6)
S0, AN B S BT B0 A0
56 = Y Z,\a)sn+z(b—b)6}\ =0 (7)
ﬁﬁﬁanﬂm.mﬁw)ﬁfﬁwﬁi%ﬁ
+2Aa~0 (j=1,2,"n) (8)

A (5) Fzl(8) ﬁ:ﬁm%ﬁHﬁﬁTﬁhﬂ&xEﬁWAJﬁﬁﬁﬁfﬁﬂéﬁﬂzﬁl¥EA% Bl EPAER A
= ho P = Py, Mokt h JTIR-EHIRIKE b, I E R, ST RBIIERE JU b B9FRE ANy

h = inj(Hf;)j (9)

2 LR S

FIFRIER/ NS A AL R Ut 2 T E S T B AR e RS 4 (298. 15 K, 101.325
kPa) AL G M AT AR FIEA RGN, CH, 1955 E4 R EOR BE A =M BN, E
BIFRER/N ST B AR ERE ,497% THERMP 45 ,DETON #ibk , ROCKET kAT LI A AT B
WL E R TR, NV E 2R ) THERMP 335k, o] AT B S E L PR (SP) T CH i h

SR RORI IS VIR R R A S P A RN R . R E R PHE T BT BERE5EX
BEVIEEE S AR KA T HSEELRAGERE K2 301.79 K, 538 9] FHIEIHEE 2 302 K
HIAE ELiR2ZEIR /N, (R 0. 21 K,

RYEEE TR A R EY  FEIE AR Z AL B IE UF B AR, AT 7= YR R, B B0 B R SR A8 AR e



10 5T TR AL AR (AR | 2007 4

LM, SEFEEAETRESI . 8 THREEASETRINE M, TSR FEAKFEIHA,
MRS S PN E B R, BREB/N, AR E ARG A FRRE T RORE" . B TREESH
FRBREFAE S B2, ¥ R TSRS, 45 OIS 85 T B AR Ak AL 380 M F EE PR S B T
Bhpess hbet #a b 5 BRYE L SO R B IR B, B TESPHEERSAEASHES, B~ ENF
AP REFHMEET G 96% L b, B A B 7B &2 g T A Z B AT

A 1B, BEE AR T B 59380, BB B B IR I L R . ERA A ER T AR T8,
B2 BF 4 2 216.96 K, il A 0.01 mol 485 Tt F4RESIR B 29 2 270. 20 K, AT A 0. 01 mol FURF i HY AL B
%2279.75 K, Mg, FEMARREFHAETE0.01 mol HIFFAT JRVERFEMINZE 2 328.47 K,
AT AE Y, 28 T P2 A R AR TS RS & 1 1 FR 2 T AT LA R RS B 78 M TS 1 BB, AT 38 K
TRMIERE, B TRARIRE, .

WNE 2 fiR, FEER T A B MBI, BT 5 BB EWHE R . XTI IA SRR HE T MR LK)
PEAT R TR R4, 1B E TR BRI =, BRK T 3R IR T 4

234 %10 27.6
— 27.58F —a— OJFF
232 g
M = 27.56}
< 230F e
:@5 B27.54f
8 20gl
5 228 E 27.52}
E 226} % 27.5}
224 i 27.481
= =
222 = 27461
x107 27.44 1 L L L I I L 1 1
220 1 1 1 L L 1 1 1 AR
0 2 4 6 8 10 12 14 16 18 20
0 2 4 6 8 10 12 14 16 18 20 Ve AR TFRIR f mol

HEABLTHIE / mol

Hi PR AT RIEE 2 SR SEARTROER

B3 RRMESE TEARSFINTEAZEE T JEA 0.01 mol FREF 1A 0.01 mol BFETF HEAR
JRFRARE T4 0.01 mol 4 FhiFH T H bS5 46 PR BE 7= 41 , BRI A8 4R 0 F1R 7R CO.CO, \H,NH F1 OH
HALIRBT= Y. IE 3 A LAE dh AE L T R B R AR T B AR IR YOE R, X B T
RFEAMGER, HHTHEETE, AR DRI TEAR, TUF B P A BRI, K%
BT RBRE R ARG N e 4 MR E R . AHREMARBETREER T — 2B 89 tE2H NH
1 OH, XXk R RAEH A IR . T LB %5 FRBBRAT/E =Y 93 EL AT AR B, 2 =M 2K Y
AE, B HEAR, X REE TR EEREZ—,

B 4 BRHEBEFYPEANFIARSEARTFRIOXR, WE4 Fin, BEEA O BT EAHEM, K
Berereh O 1 0, MEEA NRRERE N, EMREARGENMKENRERD K 0, HINZE N
EAK O BTH -HAEARNA O, MHBREAREEFK BRI UIASH THRRERT RETEH
WFER, T UG B, R B R AR, (AP 748, ROCHUEIZ> T CO il NOX K94 LR, I3RS
B

105107 10210
9
T 8- i [ BEASET 8
< ’ FEA0.imol T 3 7
o 6| | B2 sA00mol BRT E
& i HEAEL HEF4A0.01mol w o
& P & 3
f 4 : & 4
i =
£, . 3
i ;
OAE%L N 1 et 1 RS ! R N . s
0 woew | ot 3 s s 6 T b
ENRFEIR / mol

BE 3 298.15 K Bpypkiei=4 E4 MpErEyhER&RSEARTFRENRR



LR ERIE PHAE - BT b A 46 B TR BURTT B 5 4007 11

LA BT EAL LA CH, BT, 75 Sh B xi HoAth il (48 C,H, , CHy, CH %) Mit 5, R P %
BT AR BRSRRFEAE

B A LB LA B, P EEE T AW REER R R TR E M5 TR RN ) 7 7 80% , B
& THRRLEIEALRE; 7340, RESE TR IH RSN, TLARRRLE, LERMKNEL SAREZE
[HBIR, TR T IHE RS, TSR B T R A SR RN IR PSR P T R E PR N E
MBLo &5 LR, AT B TR T IR = 34T B . BARILTE XA B ATE L TR EHEH
B, EAT ATUL , FEAR SR Y LR PY IR e B AR AR AR5 ASE Rl 4k, S8 T IR B IRR H BC 2= R B PLIR Ree R
H—F R RS '

SE M-

[1] 246R 2K= RESE TEWEERM]. Jb7 JEE AL HIRH,1998.

[ 2] Reece Roth J. TUSBFATIE[M]. R ,3F . b5 Rl AR, 1998.

[ 3] Rodney Meyer, Bryan McEldowney, Naveen Chintala, et al. Experimental Studies of Plasma Assisted Ignition and MHD Su-
personic Flow Control[ R] . ATAA 2003 - 873.

[ 4] Ktimov A,Brovkin V,Bityurin V. Plasma Assisted Combustion[ R] . AIAA 2001 - 0491.

[ 51 Klimov,Byturin V. Optimization of Plasma Assisted Combustion R] . AIAA - 2002 - 2250.

[ 6] Stange Sy , Kim Yongho, Ferreri Vincent, et al. Flame Images Indicating Combustion Enhancementby Dielectric Barrier Dis-
charges[J] . IEEE Transactions on Plasma Science,2005,33(2) ;316 -317.

(7] #FN4,.8 =, KEHE KSEERTHRMSERLET). SETRREER. ARBEIR,2006,7(3) :1-3.
[ 8] Gordon S,McBride B J. Computer Program for Calculation of Complex Chemical Equilibrium Compositions, Rocket Perform-
ance, Incident and Reflected Shocks, and Chapman — Jouguet Detonations| R]. NASA SP -273,1971.
(9] P78 . b M]. . vk Tl REE ik, 2005,
[ 10] Z=E9. SEFEEERFRNMRGHEERL [D]. B/RE. BIRELEAF,2003,
(4 4% . BoAig)

Calculation and Analysis of Plasma Assisted Combustion
Based on Chemical Equilibrium

GUO Xiang —yang, HE Li - ming, LAN Yu - dan, CHEN Deng
(The Engineering Institute, Air Force Engineering University, Xi'an 710038, China)

Abstract : The mechanism of non — thermal equilibrium plasma assisted combustion is recommended. In this paper
the assisted combustion effect of methane is calculated by using the Gibbs free energy theory. Based on the analysis
of the burning temperature and the combustion products after the injection of various quantity particles, the chemi-
cal kinetic characteristic of plasma can expedite the process of reaction, increase the burning temperature and re-
duce the ejection of the pollutant, which verifies that the use of plasma to assist combustion in aero engine combus-
tion chamber is feasible.
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