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Effect of preheating primary dilution He on the output

performance of a combustion-driven DF laser

FANG Xiaoting, YUAN Shengfu, HUA Weihong
(College of Advanced Interdisciplinary Studies, National University of Defense Technology, Changsha 410073, China)

Abstract: A theoretical and simulated calculation of the processes proceeding in a gain generator of a combustion-driven cw DF chemical laser

with preheated primary dilution He was reported. Investigation results demonstrate that for DF lasers with fuel systems of (H, + NF; + He) + D,

and (C,H, + NF; + He) +D,, when the primary dilution He is preheated to (1100 K,1300 K) , the available specific output power is improved
by (21% , 24% ) and (46% , 56% ) respectively; and at the same time, the fuel consumption in the combustor is reduced by (25.5% , 29% )

and (32% , 36% ) respectively. In practical application, the primary dilution He can be heated to 800°C (1100 K) successfully. Therefore,

preheating the primary dilution He is a feasible and effective method to improve the laser output characteristics, which can facilitate the development

of more compact chemical lasers with higher efficiency.

Key words: combustion-driven DF chemical laser; preheating of primary dilution; fuels preheating; compactness

#RPEUKZ DF {6 A B0t a8 A 1969 42k ] 2
Hrar sh g E DF AL o7 B0t 4% ( Mid-InfRared
Advanced Chemical Laser, MIRACL) 523 2 MW
Yy AUR 10 45 e A7 i) =2 HOR A 4
SAREL, RB R A s dT , B R AT IR s
JIE WO AL TR A 1, AT B B A8,
oG R NI G i s M RE A0 BRI 2R 48 S e e
I, B AR BLEOR RO L RN, AL Aot s
(& SRR SR ek 22, & e H bR 3 2 1
e /NI SE AR E HLE Ty 1 (H A
o RB VOS2 R AL (38 B8 LA SR AF AL B, L —
AR 5] S R HOG AR B K

WA 5l % 22 i HE/DF AL B0 AR T

« YRS EHA:2017 - 09 -27
EETA : 15K 863 I % Bl H (2015AA806037 )

R FZ N BIEOGAR I 1K 2 GE MR
FRGMRBER . KK R G AT ] 4
KO A2 FE 1y RN 7 B kb =
S KA TR A AT O R HE R AR
fifi & RGH) R — E A T RAR G R TR
HRAE 1975 47, e [E 28 B lan L 0 2 1 S0 5
WIT TR IR G SR 3l HF 622 0 fv i
PERBMIR I . XTFIREERG A (D, +F, + He) +
H, 1 HF J0'ads , BB He Pra iz 810 K
JRIBARSEE . I RFFASEE NI F T 5
RULOCIE AR F R S R B SRAE T A
[, S had R T AABEE N D, A E, i
FIRAER R, T O PSR L H0E DF 201

{EET A s (1989—) o, INAFH S A, 9t A, E-mail ; fangxiaotingmao@ 163. com;
EEMCGREER) B 55, Bt 84 A 501, E-mail ; shengfuyuan_bb@ 163. com



(172 - e AN o 4

55 40 &

T 229 WO IR H T AR BRI SR
TR 7YY 15% o 3R R OB AR RE A8 TE
IO A ORI 6 110 ] P, 2 15 YOG A 1)l H

{BX5F DF #OGas . H A A a0 A R R
(H, + NF, + He) +D, #1(C,H, + NF, + He) + D, ,,
KT X PR RARMA &, LR AT Tl 2430
FACWE TS B . B X5 b3 W Fh R4 2R, 7E 3C
BRL7 JFNSCHREO T o, A A Lo 1R =5 4%
PR TR ( C,H,/H, : 1300 K, NF,:550 K, He:
1300 K) X 5006 a5 M RE 19 22 Wil o (B 78 TR W H]
b AR R R He (5 32 He ) BEAT FUAR Al
ISl A7, ISR 40 AN 5 T - He— , H, 1 G, H,
J&T T KA, 13 R BRAR, in #8fe I 1 e, HL
C,H, 7£900 C LA b i ey i P45 v 2 2 itk Ak 1o
NF, £ 500 K DA F 1 = il PR EE N 5 40, A He
IIFAPEREREE o H ., He 7RG 2 MORRRHIC LE P
TR R i 43 iR X T R A
F RBCK Hy/ CH, (NF; F1 He 7351 1100 K|
550 K F1 1100 K, DB A 0F T ARRHIC He 55
45, (H, + NF, + He) #1( C,H, + NF, + He) 77 A
PREEZE B R 4 9 o (20,68 k] + 15.86 k] +
94.74 kJ) F1n(25.83 kJ +36.75 kJ +208.34 kJ),
Horpr He 7 AR #GE 5 S HGR B H 23 230 29
72. 1% F176. 9% o W\ 4L F0 L2 52 B i T Y
1825 1, SUMAA 32 He BEREAS 1 & SR RE T H1 1Y
PR OR , 2 S RS PR AT AT I TR T 56

P, ASCRRBUREHA 2209 (H, + NF; + He) +
D, #1(C,H, + NF, + He) + D, f{ DF 528 H B
FEXR, B e He BUARHEATENT 7347, SR JE i
Wy 25 % 7 28 ) A (s O LR A
He TR O PR RE 10 52 HEA T L, T 05 B
GERIEAT T, R 3K Bl AL O A% W1 3 BN
R BB R T ) R SR AT RO BOR B 2R

1 ARITAENT 54T

SRR AR AT ALY () A 7 3o P L SR [ 7
FISCHRL9 ] o BEBRABLAR BT, F ABRBE= 11 H, |
NF, FiI He 3 5 53 510 oy, i, I g, CHRLALR
mol/s) , JhBEEE R E AL AF RO an=X (1) ~ (3)
Fﬁ‘ﬂ?,;ﬁéqj g j‘j NFs ﬁ@%%,a j‘:’ NF3 ﬂ%%ﬁ,
v, NEMREL.

TR

gy (Hy + SNFy) —omy, (2HF +N,) (1)

ik #85 S .«

%(a—l)nHzNRHnHZ[%(a—1)N2 +
200 (o —=1)F +(1 —ay) (a—1)F,] (2)
EECS U

(a=1)¢,ny, He—s(a = 1)¢p,n, He (3)
FEMESCHR (O | AOpr Y, LT 32 He 1

DU, ARE LB A B % 1 # 6 Rl 3R7R

X(4), Hp (Hoto = H°yg 15 )y A 1 mol He

298. 15 K JHil 2 1, HKE72

Qs =nHe<Hoto = HC 5 15) e (4)
BB A B RE 1 4 58 R Al 25 NF3,

RIPR A E AR 2 B gy, AT g, AN 36 9 o0

Neyo HIURNIITRES(2) AT, 1 mol NF, fif BTk

AR INZ(S) Frzs, 1 mol NF, fif 85 7 4 Tk

IR E B T, PR #vid an=Xi(6) firs , H

H,AH° (N,) =AH° (F,) =0,AH° (NF,) =

-132.09,AH°(F) =79.39, ifii ¥4k k)/mol,

! o 3 o
Onie =3apAH (F) +7(1 _aF)AfH (F,) +

1 [e] o
JAH(N,) =AH(NF,)

=238. 17ap +132. 09 (5)
Qo =5 (3, = Hosg ) 4
3o, (HOy = Hog 1s) o +

(- (Hoy = o)y, (6)

B He FET , ORI LL rh NF, AH 5 38
TN Ange, , AR H8 455 B2 25 P9 11 B 1 51 1 G &
K, An TS (T) RS E] B, HhBe A
AOHARABHIE EE R oyt (ne, + Ange,) & o
Q6 = Angy, (O + Q) (7)
SR T AR TR 75 (I B0 R 7 A
A F 50T, B Sk [ 9 ] rh i i 307,
F 3 He Highfr A T 5 25 S B S 1 NF, , B
Whe s AP R A F R, G AT LLTE B
T LU A SRl 2 A NS A 4 i e, 1D
YU IMIR B 5 SR, TS BB AR B 5 R
AR SOk 7 ] AT RISk (9 ] 9 — 2k 5 2L
R, 755 He TR ZE AR B B, 45 4 et
it LRIV 0 08P, 8 908 T8 B4k 25 1 -
B, SR IG B 25 % AR B8 1 — B ) B
¥ A8 BIR T 3 He BHGELIE 45 75 F SOG 2%
PERE AL , B 07 ELZ5 SR LA 2 45

2 HE&ER
X FRRMAR J9 (H, + NFy + He) +D, fj DF



56 1]

Pt , 25 AR He TS #ABR IR Sl DF HO'GAS i h M RE A2 0 73 B 173

MOR S, VR B A He f AR B J 300 ~
1300 K,NF, FI H, LA 4 300 K, 444 1 10

WRBHARET , AT 45 2 A 6] BRI B 451 T ke
FENWFESHERNE 1 FE 2 Frs .
6.0
5.5 30.90
5.0 oNE
4.5 I
®07 {080
8 3.5 £
% 3.0 H0.75 g
% 25] y
§ 58] Jo.70 i@
1.5 o =
1.0
0.5 Jo.60
0.0 T e
300 400 500 600 700 800 900 1000 110012001300

FHeTiAR /K

Bl R[E FE He FERAGREE I BT ORHED LE A be 2 BT
Fig.1 New fuel composition and total pressure in the

combustor at different preheating temperatures of He

195 i
190
095
185
1.80 1 090 H
W 1751 2
1 1085
B 07 NEgER L -
s 4 ~
£ 165 080 3
160 m
075
1551

1.50 T T T T T T T T T 0.70
300 400 500 600 700 800 900 1000 1100 1200 1300
FHeTifRRE /K
K2 AR He BRI NF; i i A%
AL
Fig.2 Normalized total mass flow rate and NF; excess
coefficient in the combustor at different preheating

temperatures of He

M1 0] LUE Y B4 32 He TR BE Y 3%
W Tk, R AP NF, Ji i 2 W i, 1 He 1
H, M R4 AN s F B, R b = 7= A ) F
JE 37 R SRR B R T A AR ) AR = A R
bl £ He TUAARLEE 0 T i 12 W A . MR diT it
BPEEEL 300 K ABEE BEN 0.9 bar, 2R T 5
Jae R B R E B8 TR
AR I Y EUBR R A T 2 — slot LR A
RARCRAL, B = B AR F T B 785
BA, W —4e 5 2 h B R %= B R
0.9 bar, {HZBREEE R A9 A /NI AS 5 1w it A
A B PR R TR

M 2 v] LLE Y, B 32 He T A I B2 3 7
i 300 K _F 742 1300 K, i TR L NF, L

AN, NF, 2 5 28« BT 1,55 WKE
1. 91 ; [RI B = A A R F 57 3 4 r g R R e 5 0
WRRLE WD, 51 ikbe == S I AR fE R
—3, {3 He WFZE 1100 K F1 1300 K B, k4%
T A BRRE I AR IR %A T 4 00 29 9 b
25.5% F1 29% , 3% X T B 5 O A% L A
AHF,

[ 3 ~8 S 3= He Fi#R ) —ER (i B 45 R .
15 AR G (K B3R 100 em , 43R BE Fl
W R R BORIR R B K (ay =0,
r,=1)F1(a, =0.02,r, =0.85),

3 FnbliE £ He TG T &, G
DAL SR 5 R VT SR T 1) B AR A, FErh gl Ak bR
i P S R B 1) 5 SO < W I T ), eI 4
T2 R S i R R Y £ DR B N R A3 i A A
ST ) B R R, AT LA
Bt E He THGIR S B0 T, 6 P AR e 5
SRS K, 3 He Wi % 1100 K 1 1300 K
B, s DA S 8 TR AR 1 43 2 £
1= 1 48% F1 57% , G HE A OB IX A B A AR

A

71
61 —— 300K
—— 500K
57 —— 700K
Jﬁ% —— 900 K
% 4 4 —a— 1100 K
1o —=1300K
w3
=
ol
2 2
14
0 T
0 1 2 3 4
PR th DS G MRS/ em
Bl 3 S[R3 He F#AGHL BE G IS P 658 B o BT AR Ak

Fig.3 Total intensity in the optical cavity at

different preheating temperatures of He
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