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i. # b 6 (c

#/:BK^"DT^6o c^i

#&Oj:9^<kS

##o3 ST# W#%So^7K#T&6o s "3Tl^6o
(1)

(2) ^ v "- y^:#W##T&6o

(4) jl ^)\y^ ^-ffyilt/^T If -So

(5)

(6) fS^L^m^&6o

^eata^yyy^LT^f, ##@)m##l^^6k°xhy

^^L/:BT&6o y V yy^^) 4000 PS^(D^:#m#M^Tm^Sfl

Tl^o CfUj:, ^^^;i/#im^g2500'C^±6^9##m#MT(±#^S^^#^6^'?6C6,

/:^T&6o

L^L, e^(±^6LT<kS##(S#)^#mf^C6KA2a 

f6S®TS6^S, ^V-y^^;i/

5 j: 3 6 c 6, ^ &T& 6o

c®y >;y 6 LT% ^ - v y ^y ^y^ - b'y^#x. SK f
L^L, ##(4:$/:#m^y^y6LT(D^#^^W#^(DS(DT&(3, 

yyyT^"3/j\gm##M6 LT^ij^A^s T^ 6« 

*###^yyy6LT^^#M&%±(f, #0#

%&, Zkm##(d:^mzKm<k#^S^6C6^m^LT^6o
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2. a s

8$BS!5:itic-it-SM B E tt *"x :[*7kX©$8i <b ©S6r#t4, *##t4ti tit 18 M M 6<J ti @f %, Kti

sw<ief%i±, ;mm%#w©#, esse&tiNti&Ktf'y^tiiv, amtir-tikstfxoigiy 

= i |y- h L/cm%#&&a#@3#m©*m,
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VTt>8*LX„ BK8M©'SSSfSSlcJ:5SSfe)TV, b^E LA.

CCTfigo7kX»"x©t4K<k, Sk6E, SMtoSM^
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3.

3.1

ms.l.l latm)

^6^1, *lkgf/cig

o<hLT#0%B3fi, ^ ^
* ^

? a 2. 016 28.964

< it m a g/z 0.08987 1. 2931

cCT-($Siz:7k«^iaSia@«BK$iffl-4-5 #xS$ kg'm/kg,°c 420. 55 29.27

gb#f A H'Wr
WiiklZ^fnl'Ktx 7s— 9 h LT 7k##XCD#@

0.0695

@$A (###) °C(cal/g)
8%K °cw/g)

-259. 3(14) 
-252. 8(107)

tt«£rc|2Kit*£te, Sffle—toWM-e » * a s °c
" EE Jj (atm)

& 6 # V V y 6 o /, % % g/cof

-239. 9
12.8
0. 0310

-140.7
37.3
0.312

H it # kcal/kg-°C
^K^eA-jrfcSt

TkS*'x kcal/kmoI-°C

3.403

6.84

0.240

6. 95

*x#x<otommK&2$u>w uztsm *2«tfitS kcal/kg'°c 2.417

4.85

0. 171

4. 96
3.1.1 ti/.h i o MlPED-€r$k{uiE>kh$cfri, m ^

1.409 1.402
haBtD#tS*sSO' btlSo i® ft 8 $ //kg-sec/m1

(1) »^»As'/hSl'&iS. th**ii#S(C/|N ®ffittff« cmVs
0. 8566X10-"

0. 935
1. 7580X10-"

0. 133

* <. S«oei4»o 1T*SS„ IS sell

(2) t/i/ttmtj:%k#ituaa%*6ime *^y,‘*

0. 151
0.511
0. 684

0.0208
0. 0693
0. 71

g & m m m cmVsec

^014fg-C&6o

0.611
(gM40

0.550 
(C02 40

0.178

(3) ttttti9S($£5t©til/2T$ hi)i, ®tttt ® * m/s

###(!tbS# #6^6, (lkD-SMct //

(93)(C^7^±A<^6o Lf:#-?T. Re#-7P

1260

Pd, Pt, Ni,
Ti, Fe TH

331

mr
iM&fflkWit 5 o

K)6LT07K#oa?#og^6^:6^o-eabao
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ffl
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# & ^ g #± - mejt
iH'-ME (vol%) 3stf &# E A ^ & Eo To # # #88121%

°C 2 130°C 30.9% 2 114°C
Tn,= Tad.3oo+0. 5(Tq—300)

Tad — Tad-300 + (To~ 300)

#3-1

03-1—
3-2

Su cm/s 310cm/s 43.0 215cm/s ^ocjoo.ie

(03-5)
E.max=0. 09908To^"" 
(03-4)

He>N2>Ar

(03-6)

#3-2
03-3—

3-6

m # 4.0—75%

E>20atm
P —12—20atm "T:'SdN

(03-7)

& ±

(03-8)

N2>COz

(1213-9)
%

03-7—
3-9

# ^ m #
dq cm 0. 057 cm 29.5 0. 057 cm

<f,ocf-'.o"(p=0. 5)

f-1.0»7(y = 2.0) 
ms-ii)

(CsHs fuel Ml 0) He>Ar>N%>CO%

(03-12)

^Oc(f^)-!
<5?0.ii~(l. 2—1. 5)cfq
(fo., :

03-10—
3-12

'is
:¥ —

■Emin mj
0. 019mj 30. 0 ~0. 02mJ Emin^P-2

(03-13)
log EminCC-^- 1 0

He>COs>Nz>Ar
([213-15)

Emin°C<7,2 (03-14) 03-13—
3-15

T« °C 434—561*
E>latm ^
E < 1 atm itf/jn
(03-16)

C02>Ar>N„"'
#K1
6 (m-3) #3-3

03-16

Ti msec cm-19) (03-17) (03-18)

, £Inrioc RT.
E: >v ¥ ~
E:

03-17—
3-19

2 150m/s 53.6% 1 850m/s (18.3—59. 0% fuel) 03-20



#1800

03-1
9)

f'MOO'

To K

% 1400

,298.16-

(%)
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■ • 1.1 Jr. y

0 3-2 J:
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□ 10
o 26 
A 27 
O 30 Af = 0.95

300 400
To (K)

0 3-3
\ a./mu 12)

-% 0

400 600 800100040 60 80100 200
mmaa S..„ (cm/sec)

((26))
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C

 
(c

m
/se

c)

lOVT'K

las - 6 «s*aK'No^ffi 
tt*'xmee13) 

(aetti.o, ^gtt*'xe

E 140

- 120

10 12 66 68 70 72 74 76
**##**#]& (%)

1: m, 2 : 3 : 3$ (

0 3-7 aJEPBS^xo
ETjcoKe1*

16 14 12 10

) 10 20 , 30 40 50 60 70 80 90 100

0 3-9 Bjeefjl^cOTF
stt**xosels

( Coward & Jones ,
)

mW±tlPo, atm

125 .5

0 3-10
SktcoBW®
( (37) )

P 300

10 70 72 74 76 78 80 82
**f)f#**l& (%)

Bl 3 - 8
so$e9)
(TIrJ, (45) )
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f (m
J)

.5 .06

.o:4

160 180 20080 100 120 14020 40

ms -12

E ~h Po (atm)

El 3 - 13 fk'X*- 4>
%.ts<D»m9

Reference

>W- I
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t &X J: $4®ii9)
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3 000°R

1.0 10.0 
ffl M EE Po (atm)

oRef. 19

3 00

-fcOSHEE Po = latm

1.2 1.1 1.0 0.9 0.8 0.7 0.6 0.5 
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18

1111 
CM CM CM M
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HI 3-l~3-2 0iC7KLT&£o

Htro:£c£©SS^Eli^'^&£° t fcE 3. 1. 3

V y, f v

? ? y^ZU:% - ^7°^ yo#6jt^L/:^ 

m3r&3. WIC^o CCT#f&@^^S(l 

|h]—SE TOilS Lfc NACA Rept. 1,30018) 

0^#Tjt#LT&6o ^3.13-3.1.4 ZD,

-#-56, TgSOZ9lc##$^6o

(1) nm#m##fciA(''o

(2)

& 5 o

( 3 ) ^ ' o

(4) 1/13 —1/15

T#6o

(5) m^m#^l/3-l/4T&5o

(6)

#3-2

3 -1
(ME=1 atm, %%^m=2 5°C)

# % ft
-nifcfc 
3s If 5
xxm
&, K

iftinilk

xma
K

iftlUfitm.

A %

#! ^
Passauer, 1930 ............... 2 2263 2283 31
Jones, Lewis, and Seaman,

1931................................... 4 2203 2318 31.6

Morgan and Kane, 1953-•• 3 2220

m Ira

Lewis and von Elbe, 1935 7 2320 31.6
Friedman, 1919............... 8 i 2375
Fean, 1951..................... 9 : 2345
Morgan and Kane, 1953 " 3 2380
Gaydon and Wolhard, 1953 6 2373
Burwasser and Pease, 1955 10 2315
This report..................... 2387 2403 30.9

c ^^E, ^)

AltK

# 92 # - ^ ft 9(Xm^# mu ^ & 3olf %

%cm/
sec

cm/
sec #&UA

%

Michelson, 1889 15 m # M m Am# 230 277 40
Ubbelohde and Hofsass, 1913 16 zz zz PJ !6 i«! c? 153 200 45

Ubbelohde and Koelliker, 1916 17 zz zz zz 155 200 46
Bunte and Steding, 1928 18 ZZ , M zz zz 190 258 40
Bunte and Litterscheidt, 1930 19 pd iHi x ~ y- — zz zz 185 266 42
Passauer, 1930 2 zz RtjW» zz zz 167 210 44
Corsiglia, 1931 20 ZZ , A jip zz 4% m # 200 285 42

Jahn, 1934 21 ZZ , ## zz M m x ^ 187 267 43

Smith and Pickering, 1936 
Friedman, 1949

22
8 zz ,

zz x m A s
f#JELA:Mm
t© Hi $

170
177

252 42

Bartholome, 1949 23 y XzuX — — * # M a xm^mm 320 42
Calcote, Barnett and Irby, 1949 24 A» # 9 X 213 317 42
Fenn and Calcote, 1953 25 ZZ zz 170
Morgan and Kane, 1953 3 V/ a. V - lx V m # 215

Burwasser and Pease, 1955 
Manton and Milliken, 1956

10

26

tEfl

A^ If ^ X
V/ a. V — 1/V

xm^
rxxm@&m
iff

230
232

320
300

42
41

Fine, 1956 27 Pd^x-x-, zz Am# 192 304 45

Heimel, 1956 30 ZZ , <%ip zz zz 206 207 43

10 -
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C9A6N 'CN:T%) cz
606 C 92,61 ) #989 #9 Cl

° ##0 4 - J: A If: ^ , 13Va.e+

' 5#3 035^ ^ ^ 9

^Z# '# ff%q? if ^ ^o > n ^ ? if ^ o ##k' % s

— •-- (91) japa^M. PUB pJEMOQ 8
mo ™g 0 008
mo ^zowm 0G6 02 (GI) :34!S 2

098-912 LZ (2%) 33Uj pus aipiM 9
002 62 (IT) P!ABQ3IA[ 9

069-089 — (01) uuBiuppo Bg

— — (6) ajoojAj 9
// 4 # GI9 0G (8) H^ia BP

809 OG (8) IMIS Bp

oasgx // 229 — (21) ™xiQ P
Msg 0 ^^if §c 0G9 — (21) «o«Q P

02P — (2) wpH P
OTP — (9) P^z'2 G
129 9 "82 (9) S1J°J3 P^ uoxiq G

^#033001 '33^ 29P 2 62 (p) a-majj 2
a&#o33 6 929 9 82 (G) H°°Id al PUB pueyBj) 2

^#033099 069 9 82 (G) M3°U 31 P™ IauB»BX 2
099 9 "82 (2) JaHamO ai P^ p:BHBy\[ 2
609 9 82 (I) H3™H I

# # OoMYSf %
^ 3^ m 8 4:



3.1.4 -tt,8) * * 19)

A" y y y
14 £ < y f y ^ y

73:f f v 10021- f f y

# f m 2. 016 114.22 100.21

J± % (15°C/15°C) 0.06952 0. 696 0. 688

CO -252. 8 99.2 98.4

# # m (cal/g) 107 64.9 75.4

# (kcal/g) 28. 67 10.67 10. 72 10. 70**

m m m it (vol.%) 29.5 1.65 1.87 1 3**

H m IB # (vol%) TIB# 4.0 1. 1 1.2 1.50 1.45
TIB# 75.0 6.0 6.7 7.6 7.4

CO 571 447 247 298 456

^ M & CO -13 -4. 0 -38

# % m m (cm/s) MXiii 310 38 42 38

(vol%) 43.0 1.93 2. 28 (P = 1.06)

CO 2 130 1 960 1 940

A X =• % ^ ¥ (mj) STS 0.019 0. 28 0.24
0.25""(0=1. 0 0. 020 0. 29 1. 15

m DE m m (cm) STB 0. 057 0.18 0. 18
0. 25""(0=1. 0 0.057 0.20 0. 38

3) c 1955)

4) A#, ( 1972 )

5) ( 1975 )

6) Perry, J.H. edited, Chemical Engineers’ Handbook 3rd edition McGraw-Hill Book, (1950)

7; l&WK ( 1973 ), 12

8) ( 1977 )

9) Drell, I.L.and Belles, F.E. NACA Report 1383 ( 1958 )

10) Mullins, B.P:, Spontaneous Ignition of Liquid Fuels, Butterworth Scientific Pub.(1955), 

67

11) Jest, W. (translated by Croft, H.O.), Explosion Combustion Processes in Gases, 

McGraw-Hill Book, ( 1946 ) 36

12) Snyder, A.D. and Skinner, G.B., Comb, and Flame 7, ( 1963 ) 390

13) Kaskan, W.E., 6th Symp.( Intern!.) on Combustion, ( 1957 ), 134

14) Coward, H.F. and Jones, G.W., Bur. Mines Bull., 503 ( 1952 ), 155

15) Lewis, B. and von Elbe, G., Combustion, Flames and Explosions of Gases, Academic

12 -



Press ( 1961 )

16) Momtchiloff, I.N. et al., 9th Symp. ( Intern! .) on Combustion ( 1963 ) 220

17) «, gifc£S. ( 1976 ) 93

18) Barnett, H.C.and Hibbard, R.R., edited, NACA Rept. 1300 ( 1957 ) 257

19) h*s«issmm, »yhd yita$iEig«ef?£B6;$iBSS( 1974-1978)

3.2

iPiutf'j U y®ggoigffl14^6tti% * v h —d-d t7

dohOfisSMi: LTStRLdco

*y l--d-d )'7t-CD|t#-ftlz:o^Tttli:S*KSflt-9-y d-ti/, d'tPorost'^IB

l«»5.

*W%l?|j;EieiTS4i@7k*E*fefflItS ( 5.4.1 #rn ) ^SS«sSffllki6S®&Oi'¥$zBK®ltS 

( 4. 4.1SM)

-d-d d'tt-l+WHEe, ## (#### ) , BSiS:yStoiSg© 4 fiSoIt*i:ti 5„ (3.2.1 

oi-2, 2-3, 3-4, 4 - 1 ^s^offgKitot-S )„ 1$ CtoicE8fr8laffl©EA, iSS£# 

A.T, ifSiEWig^it^So c©S8©ES©mffl, WifliokSW^ife L, c'ftCASEdJ, S® 

$E© b*kE«Eb®s®soi'fflissibt>#Sirs„ coitsusiieoTkXltt^Soaisagtei^obi-i? 

ExEStirt'Sffli;', B«®l6afll$*'iS1"3= »HcE#lT8#7#oEdi, S®, S0>*7k*^aiozi^ib 

^66ic7gg#*0f#:+#^3«*E7l, SIS, ®E«sE^*l63 ( 4.4.1 #Mi

MicBgiSSmff*®^ 5 yd'ttEfctiO'SEdi, zg®ttgt*:*-fS t? 1 x ? v7‘EOEA, SE&U-'tt

sjt^flivrimpatiMJ;o*#, -eofi*. Edi%-16c©^f$k 

J: DBaifg^S&ltS L7c„

*-d-d doi'I+HicfiML*:^ y-yy*:ftij*xE®*H#Wottli^lii', R8## 425cc, ESU£5.6, 

TaBSo * fc7k*###©l+*±®l8#(i, "fiSl/fdlSyWKfWA--)h ALT, WlTOld fcliEWxt 

ffiWIKJ: Dff 7 ddo

0 3. 2. Kal (b)KS#tE*R0i'S*®H«, P VRa'T V$,|0£,Ttlh= SfttEii 1 00kgf/em —$<t 

LT, 7k*»84Bem»5T5EtS, (@*A ) $fcy'±5Eflm 30°C A ( 0EB ) ®Eag^7LT*5„ 7k*fi

Sti**fBtMlc»M«K7Sfi-$±; LTV.5fcl6, 

fcic-fiS •Edi*KK< djrateSitioTi'So

0 3.2.2 SS^oittiEd)Pmax, M5fi®Tmax, -e®EdmcfS®ict#&V#NO

*S. EK i$ P V $80»> £> ®tt»» j:7f88»* 6¥iS)W8iK P, h, *3S7t8 ( 2 - 3 ) tsmffe ( 4

- 1 ) b®S® «$;»> bltW LkzISxPP T th aSSSJt ( K30%7kXt*1* ) <t i) 3 t

13 -



P ( k
g/
cm

2)

htE=l00kgf/6^, matt
i§-pflj±tl kgf/cm2

- 30° BTDC

V ( CC)

Emit, lOOkgfZciii
4000 r

-30 BTDC

V (CC)

(a) pvma (b) Tvmm

2. 1 (D#

10000

si 2000

Qin = BDC
: 30 BTDC

_!__ i__ I__ i__ I__ i__ I__ i__ I__ i__ l_
10 20 30 40 50 60

/kSmtiZlWV (%)

|g 3. 2. 2

I

E
a
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6(^, gM#—vSc##6%&o

< /J(D#^a^^TL^LV:AT&53o 3%7K#-g^##TR3@6%aN0x 
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3. valve

4. flow control valve
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6. laminar flow meter
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8. digital volt meter
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10. sampling tube

11. Pitot tube

12. Helium or Hydrogen gas analyser

13. traverser
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1) Aihara , Y., H. Koyama, and E. Norishita ( 1974 ). Effects of an air stream on 

turburent diffusion of helim jet from a small nozzle. Physics of Fluids, 17, 665 -

673.

4.3

iBaiSHSl* ^88* * ftfcTkS oft *£*t <h * jkiflS

m@(±, -e^

% -o T& %, ^ f 5 3 o

Brass Block

Ar + O2 Mixture 

P5 = 1.4 — 2.2 atm. 

75 =950- 1500 K

Plenum
ChamberReflected

Shock Wave

Electromagnetic
Valve

El 4. 3.1 #m 6 @03%



ai4«<*maK»SglciW'B*T±y'6ti,

r, Sfi® K-ftiMSfflat* fp 9 tti L/=„ H4.3. l c«*'«eo<8E$^®ci5:y btifcWlii$j:7k*e# 
E-ftorai$Stif:(6ES^fitf LT5lifcA#®*$mgESl*llcfeAShfc*#S7'D .y » 

T-SSl, ^mWET'l±l$EeikL/,'ci«fi@#{WJSffl*»sBfigS

ti5„ 7'n .y o filUi —- K-,V'ScDe®#^rtSSfLT*i <0, 6rSi#flo**;£-FI®V X>*jB LTffiE 

scMWiiMm^EA^-sicA-sj:?K36»Astisa»ie^r 

V' S „ IMJ3SIC «itS 13Ornrn® #*5 X jg& S I,' iiES 2 5 mm® S3l iS 7 X BA# tUtObEScfc-jK

ti^xis<o, •>» U -bygBSSVfi^m^EAicJffiTaBSo H4.3.2 KStSBoi^B^St. 

L/cESft-gSElieS 2 m, rtS7O0ffl*ESi, ISSm, 6 OmmX 6 0 mmtolESBWrB^

ofiES^bfiRoTl'So i6ff SfS icMSB TimSftS WHEfc 9, ««$* y 5 lc =t 5#e<bl5]S8 

LTEKf"5 C i:rii-T# S =, 0 A, KftSJt SlgESxU*KtiT^ =fy-ettK L AE

/Xyum±S3mm, 650mm, 1825 im®£&eiCff«$OE*$M§«K9ttyA ( ffifiJc,

£TFCtlb©EVl*«S£A, B, CT'$4o-tCClef'S )«

High speed
camera

Vacuum
pump

Vacuum
pump Vacuum

pump

Diaphragm

Vacuum
pump

Mixing!

Delay"
circuit

Controller

Pulse
generator

Charge
amp,

Charge
amp.

Charge
amp.

Driver
circuit

X-Y
recorder

Driver
circuit

Wave
memory

Capacitance
trans.

Digital
counter

4. 3. 2.
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1.0 ms 1.5 $ 7 7"^##

xyi/^cucmf

X;i/mOK# LT& S) 0 jEg(D^^#ai ^ 5 ^

LfZo 7 ^ ;t/7 ( [hb## 306 nm, 4^## 1 o nm ) &MLT, 7i6#?j#fa

#-e#mL/:o |s|L:@^E7]E"e

6(c j: ^36/:o

e^@w^KB#faa?6LT, yx^#,

^a^LT, + 5#

02#Wg^&, yx;i/g#l^, 2^(DZ@#^^T##^fT"3/:o#0S^(i2.6ME,

(±3. OMEKE&^L, ##^E:%lW1.4/^i3 2. 2 0#@T&-3/:o

^y 7 (## 8000 # )T#2#LyZo

mXMtimm

EI4. 3. 3 — 4 K9 ^ ^7V t V o El 4. 3. 3 #y X;y@D= 2mm,

mm2 o^#em^m^T#{b$mg^=990j[, ##E^Efos = i.62o#m:(D#)6-c#>)a/:^#'e

(b'ho ## (1) (i y X)\s(D_t$t 3 mm (C {&#'#' 5 E A (DgE^T, AW###K#l^T^0##^

mt)fiT^6o #B(2)(j:yX;i/(DCX&#K#:#f6E^#^CO#-#-e, A#f###(Df C&6K

(9^%L/:A#oy XvL/mom##^ tinj^y 6 V 7 ha&^Efl

IT^LT&^o C W^^i|64: 9lC 2mmOy X;i/#^^lVd#^#0#a%^6y 6K

#f6B$^^^0. 3msT&(9, #B(4)(±^#E1##

Lf:o 3KLT#i3tl/: t ig6 El 4. 3.4 (i Ts ^j: D

1420K(D#^(D#BT&'g,o EI4. 3. 3KE^#A@W^(4:^<^:"3T^6^, 

^^^T&6C6^#J6o

1000 j[

1.0 ms, isooK#^®;#^^ 1.5 msmmir&^/co
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Photomultiplier

Reflected Shock Wave
IgnitionH2->0.80Ar+020 O2 

D : 2.0 mm

T, : 990 K
Reflected Shock Wave

Valve Lift Full Opening

Pressure 
Trans. A Injection

Incident Shock Wave

1.0 ms

Pressure Trans.

H4.3.3 ( Ts =99 OK , Po5 = 1.62, D = 2. 0 mm, 20***)

Photomultiplier

0.80 Ar+0.20 0;
IgnitionD : 2.0 mm

T5:1420 K
Reflected Shock Wave

Reflected Shock Wave
Pressure
Trans. A

Full OpeningValve Lift

Incident 
Shock Wave

Injection

1.0 ms

Pressure
Trans. B

|g4.3.4 = 1420#, fos = 1.86, D= 2.0mm, 2 0###)
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CCDJ: o K 7 0^1 t£r® 4. 3. 5 ~ 6 (C/]\ L/Co

#@?T&&t6a%]&fiT^ao 

KB#LT<6o

LT^6(D"e, EI4.3.5 —6K^^fi6d:3(c#^(#fi,B#^(i]/TK

l^M,#T^6o El 4. 3. 5 KW## ' Schotfg)(D^##M<h7K

2) _
L, ^i%d#5%3-Wr&#g&<3# ^^,/:Mullins>)(D#^@fi(D^#^^7l\

LT&60 Schott

TL'6o ^

<!:#<%-,TL2 3o Schott 6^LTl^

6^,

Ts K
1,5 1.4 1.3 1.2 1.1 1.0 0.95 IQ3

Mullins

Schott & Kinsey

D .- 2.0 m m

A 1.5-1.95 0.0502
O 1.51-2.10 0.2002-
» 1.43-1.

10V T5 K

El 4. 3. 5 / XVI/# 2 6 #^.@^1

Ts K

1,5 1,4 1.3 1.2 1.0 0.95 x 10'

D : 1.0 mm

A H240.95ArO.0502 
O H24O.8OAr-t-O.20O2

D : 2.0
0.20 Oz

0.05 O2

10^/ T5 K^

EI4. 3. 6 yX;i/@lnnnK^f6#^(@^l,
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IEl4.3.7(d:#^m%980j[, ##4E^7ltl.78, #m2 0^m^Mo##T(Z)y^V-yy^mT&6o

&6o 0.81ms #K^66#^E(D/

^(±#^KT^(cWfLTff<o 1.10ms

/ 4. 3. 6 i#^#T(d:y X;i/@ 2mm(cit^/ X

018 ms 0 32 ms 049 ms

0 7 5 ms 118 ms 1 .Z,6 ms

H4.3.7 iWS#<MJ*lci**fStifc7k* 
(T5 = 980if, D= 2mm, 2 0***)

g4. 3. 8
( Ts = 1410K, D=2mm, 20^##)
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m4.3.8##<i:awm, 1410^, ##a^iti.78, 

0.47ms#K(±^^c%K^'e^^#^^^T^ao ^-(D#,

-5^^^^mLTfr<o TmN^(fLT^<me(iim4.3.7 6i5ie'r&a^,

(4# 4. 3. 3 , g| 4. 3.4 ^ 6 6 o

mikomm

#f 6 C 6 (d# L l' Of, C CT K C a C 6 K L J: 9 o

#^@fKDea6LT, <b#m^#^Kys#g#m^-'m#Km^a^"e

% Tp&^#x.^^,ao

#fao ##

(±^^#4:0^, #K##KWy-a#)0T,

fta-e&a^o

#m, u^L, e^aa^Kffi^^^mco^Ka-jXo f

(D/:66, r« (i/J\^<^:^, Tpd^E^Ma^^^&fiao^^, #

r, e^mfie^^iioo^a^KLT,

^#<^"3T<a(D(d:CO/:)66#^.6fiao <SzU#j

%=^ac6(i, M^K^K0#^M^K^'3Tua^6^#x.a6, ##K#^T#:ao EI4.3.7,

8 0^ V -L/y^A(i#^cA^V Xvt/ajOKaL^mK&ac 6&^:LT^ao #%/:*#

0-gpU#Yk^J6(Djm^fcj:^, /X;t/#n]G0(<:Mm3fiao -E-0f:A#(D7K#%?Kit^, ig##

c 9 f y^^^T|o)#(Z)^#&fT-3/:o #4.3.9#/ ^ y

fBiuE^it-eewL,

#T#J^Lfc&®T&ao lolUE^bbK^LT/^y

7k#®ffi2)j/3T&ao COCcb^/^y#^®^^^®^

- 40



D = 2 m m

« O #

t ms

El 4.3.9 ^ f y

^#ij6o 

El 4.3.10 f

^-oT^5o EI4.3.10(C(±Mullins(D^^ 

y fe/K L~CS ^

6 j: i ^ ^ 6«

^ y 67K 

A o^/J\

l(:j:a6(a#/L%:^o T-k^yyfizK#

El

4.3.10 ^ (CT4z^ y y(D#^(@

CCDct^Kigg, #K®4%5|S](D4g

ZMt^dVco

10"

10"

10
-4

Is K X1Q3 
X 9.1,■-8L71,61,5 1.4

C H^-0.8 Ar+0.2 0.

P05: 1.79-2.34/0 
n/°

/%°

0.5 0.6

yXullins 
0 H,

Mullins
C,

0.7 0.8

IOVT5 K"^

EI4.3.10
( D = 2. 0 mm, 2
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7kS©TV y ^

4.3.5, J:

^CT=(±#jk@^#^^2.0ms 

m4.3.1K^##K^y-6#@#^m^L^o EI4.3.5,

4.3. 1 H {& 1m tK 1m K

2 0 0 Oxygen 5 # Oxygen

D = 2 mm 965K 980K

D = 1 mm 975K 990K

6 ^ ^)^lj 6 j: 3 (C&(3'f ^m(D###(a@a6T;t A U0T, @ 6 «D (1#

^4.3. KC^^fi6j:3KyX;i/#,

980 TTe & 6 o

2 16/j:5o #&,

T^6T^'-4z;i/]:y^y(DE#E(il 5-2 lT%6(Z)-e, g%#0T%f-^7t/]:y>;y^7K#^^^6 

C6(i@#-e&6 4:9/:o L^L^^G), T^-4zVi/j:y^y(D^#:##6LT(±,

-kf yy^a'j: 66#x.6o

-%t#>

yzLV-yyj&T#^L/:##,

(2)

(3) e^^yxvL/Ena^-e^cao

(4) / x;i/gKw^^-f 9so

(5) T%f-^7i/J:yc;y(C7Km^mmfa#^, 2ll^±®E#E^#6/j:6o

##]&#

1) Schott , G.L., and J .L. Kinsey ( 1958 ) . Kinetic studies of hydroxyl radicals in 

shock waves E. Induction times in the hydrogen - oxygen reaction. J. Chem.Phys.,

29, 1177 - 1182.
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2) Mullins, B.P. ( 1953 ). Studies on the spontaneous of fuel injection into a hat 

air stream I V - ignition delay measurement on some gaseous fuel at atomospheric 

and reduced static pressures. Fuel, 32, 343 - 362.
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^lt:TgB(D@DT&^o

CO2 1 ^ 00+^02

H2O 2 H2 +yp2

H2O yH2 +OH

yHz ^Zf H 

jo2 < : 0

~2~02 +yN2 < ^ NO

*'*3£Ki±H2-C„Hm-02-N2 7k*, Ar W#* L ti V„

lfMl£7kMPM<oi%it7k»MW<DMM&V'MW 1 ^*©@Mb7kX4mSi|S, a*t®*©f*»tbRtf

jrfcj: 0, ¥K, #?»##. *%##&, i***-«#

SA^&EEBE, KS*i8'BK^*i6fc„

H4.4.1.1 l±SS'J8#CfcO"|g|'l'%#©'itEma©zSSKlt'i, ft400 

K@6©fia^£6o SBS'E-eiiSatbJ: b)lkL®BffllzI£tbKg*tt£!#o0 H4.4.1.2 tiftfflEte 

Jr5^gKSy'«ttff*©Slb^7R-4-o ikiSaKoffEttffttitHirB&Itttffi ( C/=o.2 9 5 ) ?-t>t 

McfcQ-fZfr, 1$Ifttffttiiti v <hflET-# j: A„ */cSSsE* (itoBE* K tb#!l L, eSEA^f
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(2)

m%Eoym^joj:C;#V(mm6|s|#, Jcyc;y%#K#L^B#^#^.6o#K

zK#o#^, /v + yyW^y^ym%±##^^@'r&6o

(9 ^ ba#E^K#-#-6 $-eo

El 4.4.1.10 #^$#:(iF^#120tm#^ 4

^gf^mwco COE^T-f(i;-3y(cgM2#L, |s|—#fNcjoy-6 4[g|^±(D^#T-^(D^ 

6 LT#mL/:o

= 3.702-%?

& ^»o

El 4.4.1.11 #7K####i^2 0^(cjdy-6A^^(D#^E^#mT&6o 

fo T&6o#mM(i4im(D^j##-e&6^,

&60 El

4.4.1.12

C^u3^iB)@#lt#aTy -y + yy^AU^fWC6^%%Kt)^6o El4.4.1.13

I njection 
Val ve

I gnition 
Circuit

Control Unit 
(Inj ., Ig. <y High 
Speed Camera )

Valve Drive 
Circuit
Valve Lift 
Detector

Combustion Pres, 
Measurement

Combustion Chamber

Combustion Time 
Measu. Circuit

Initial Pres. 9s 
Temperature Measu

Data Proc 
Unit

4.4.1.10 S$S6&!tiMSie®f
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m 4.4.1.11

Hydrogen-Air Mixture 

Po= 1.0 kgf/cnt

El 4.4.1.1 2

6 LT, Ei 4.4.1.11 4.4.1.13 9

6^6^60 El 4.4.1.14

Hydrogen-Air Mixture

1.0
Pq kgf /cm

m 4.4.113
gi 4.4.1.14 6
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#:-ro#mE^'e&6o o##ma<, @^T##m^m(cyz

4.4.2 NO fCd'T

N06^##om#Kj:

(0^06@##OHCT&6o #U

#O#aj#(±N0O^a#±#V V y#MO-E-^lKEC#f 6o N0O^M^(ig$%(C(±,

N2+ 0------------- >NO + N .................. (1)

N + O2------------* NO + O .................. (2)

N + OH ^ NO + H ....................(3)

Ol^^aZeldovicham-em^^^Tl^o KfG(D(i^(2), (3)Ktb^@<N0^O#igK^ 

6^r,T^(9, N0O^^%K#mT&6(D(j:CO/c^

"?&6o MBe^^m^^4]T(d:N0(±^^^-e-f, ##6##^#%

NO^M#^^(!:'^m^"Cm7cf6o OHcO#^^&(9, #&®#y Vymmc&l'TWW'B'fT,

T^6o

#f®am#T&6o L/:/6^T#^7KmM^a#$KmwS)^66LTl), #M%#^#6fKN0

NommoamK& o %m ^ 6 ^%T ^ 6 N o 2 6 N o ^ggij v \

No^yo-y*-e^<bf6,

4^#61) N u, 6 K(i N o#KoiEm^mim&(Dm^^T& ^„

KLx—J:

oKtl-ofzo MUrFI^^M & “ K \s — ifii,

a) 3 //-3o//mo#mm@oy-^&aj#6o

(2) (< 0.0001cm^)

(3) (^0.2mW)

(4) (lOKHz, Icm-O
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NO©#$gRi—Wt/

*§8@rm, ss=j$ * - k i/-s vt n o©s*s*j- me®Ex ? twv£aij$Lfc0 *

SISS***$iK, C C Tit C tl£ T® J: -= Tf# bft/c N O ©$*$Sj- @6X ^HCo

VTSE-^SC j:K-t6o

N 0#/:*#?©A 1Cz2i ©~o©ttWi#6i"5o JttiTftaiio})
2 T

1 T&a C 6 ^ L, j:

2 TT|

J
9/2 +

Z/2

v2

3/2

°/2

5/2

io|oj lojcvi ^|<N
a: a a_

2 o

J
+

cc a cn

h

h

2
J_
2

EI4.4.2.1
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»-@eB®;sfme5>o qsk, pa-gii, mmmf^, isstsm^m^ j r-mt>i- 6,

( v , J ) -» ( v + 1 , / + 1 ) , ( v + 1 , J ) , ( v + 1 , /—l) <5 &©&©!! ^-> LT

^5. C® =t e>ti~-D®*^Ftt«T'®iSS^lxSlJLT, H 4. 4. 2. 1 KtR-#- J: -j Ic,
P(-|, J-), P (-|, C^Ki-So

NO®g$##-|al$zX'<^ h;WC##M%®!±, 22\ £ %_l±, 120cm‘!MU
2 2

^D—ccD##(j:/(-doubling 6

? h^^g)KZ:'3K^^^,T^6C6T&6o CCD/i-doubling (±^iT0.002
2

UN**0 FUNDAMENTAL AT 5.3 ^m 

TABLE III

Observed Wavenumbers (cm-1-vac) for the 1-0 Band of MN160

J F(J) o-c
xlO3

* \/2

B(J) 0-C
KlO3

F(J)

\/2-

0-C
xlO3

\2
R(J) 0-C

xlO3

0.5 (1881.0423) (1.2)
1.5 1871.0602 -0.5 1884.2994® 1884.3235°
2.5 1867.6652 -0.2 1887.5238 0.3 1867.2127 t 0.0 1887.6371 0.4
3.5 1864.2360” 1890.7126 -0.6 1863.6833° 1890.9122 -0.7
4.5 1860.7717 -0.6 1893.8682 -0.5 1860.1182 -0.5 1894.1517 -0.3
5.5 1857.2741 -0.4 1896.9899 0.1 1856.5188 -0.5 1897.3537
6.5 1853.7424 -0.0 1900.0764 1852.8846 -0.5 1900.5174 -0.5
7.5 1850.1762 1903.1282 -0.3 1849.2162 -0.4 1903.6439 -0.4
8.5 1846.5752 -0.6 1906.1459 0.1 (1845.5159) (1.9) 1906.7323 -0.4
9.5 1842.9408 -0.4 1909.1289 0.0 1841.7778 0.4 1909.7832 0.2

10.5 1839.2735 1.0 1912.0765 -0.4 1838.0071 1912.7953 0.2
11.5 1835.5697 1914.9901 0.0 (1834.2053) (1.9) 1915.7685 -0.1
12.5 1831.8327 0.1 1917.8686 0.4 1830.3662 -0.2 1918.7037 -0.1
13.5 1828.0625 0.6 1920.7114 0.3 1826.4968 0.4 1921.5995 -0.3
14.5 1824.2564 -0.7 1923.5185 -0.3 1822.5940 0.5 1924.4 576 0.4
15.5 1820.4187 0.4 1926.2911 0.1 1818.6578 -0.2 1927.2751 -0*4
16.5 1816.5454 -0.3 1929.0276 0.0 1814.6903 0.3 1930.0546 0.2
17.5 1812.6394 0.0 1931.7284 1810.6896 1932.7947 0.1
18.5 1808.6994 1934.3927 -0.5 1806.6570 0.1 1935.4955
19.5 1804.7258 0.0 1937.0216 -0.3 1802.5914 -1.2 1938.1561 -0.6
20.5 1800.7183 -0.4 1939.6140 -0.3 1798.4955 -0.7 1940.7782 -0.3
21.5 1796.6780 0.3 1942.1697 -0.5 1794.3687 . 0.6 1943.3604 -0.2
22.5 1792.6046 1944.6892 -0.2 1790.2085 1945.9024 -0.5
23.5 1788.4969 -0.8 1947.1720 0.3 1786.0180 0.7 1948.4054 -0.1
24.5 1784.3572 -0.6 1949.6171 0.1 1781.7953 0.5 1950.8685 0.3
25.5 1780.1844 -0.5 1952.0256 0.6 (1777.5421) 1.0 1953.2902 -0.7
26.5 (1775.9771) (-2.2) 1954.3955 0.0 1773.2562 1955.6735 0.0
27.5 1771.7410 0.1 1956.7286 0.2 1768.9397 -0.6 (1958.0161) (0.2)
28.5 1767.4704 0.3 1959.0233 -0.2 1764.5925 -1.0 (1960.3166) (-1.4)
29.5 1763.1669 0.1 1961.2807 0.2 1760.2169 1.0 1962.5798 0.0
30.5 1758.8311 (1963.4982) (-1.2) 1755.8080 0.4 1964.8011 0.1
31.5 1754.4637 0.3 1965.6798 0.1 1751.3687 1966.9817 -0.2
32.5 1750.0626 -0.9 1967.8213 -0.2 (1746.8975) (-1.7) (1969.1198) (-2.3)
33.5 1745.6318 1969.9245 0.0 1971.2212 -0.2
34.5 1741.1682 0.1 (1971.9892) (0.7) 1973.2799 0.1
35.5 1974.0133 0.0 1975.2972 -0.3
36.5 1975.9989 0.1 1977.2742 0.2
37.5 1977.9445 -0.2 1979.2092 0.1
38.5 1979.8505 0.3

a Wavenumbers in parentheses are not used for constants calculation. 
b Wavenumbers written in this column are calculated values.

4.4.2.1 NO CD 1 — Oysf y Kfc^o # 6 •P^UcDijjr



: 4-4.2.1 2 KA. Valentin bte J: oT|l/IiJ$tl/'cNO©g^:^'fy LT^-5,

VALENTIN ET AL.

TABLE IV

Observed Wavenumbers (cm-1-vac) for the 1-0 Band of 14N‘*0 and A Doubling 
Components in the Q Branches of the Main Subbands

'"l/2 ' '"l/2 \/2 - \/2

J Parity Q(J) 0-C Q(J) Unresolved 0-C
xlO3 Doublets XlO3

(1876.0873) (-1.1)
(1876.0634) (-1.3)

1.5 * 1876.0489“
1876.0013 -0.2

1875.8132“
1875.8132 1875.8133 0.1

2.5 l 1875.9755
1875.9044

0.4
0.2

1875.7232
1875.7230 1875.7234 0.3

3.5 + *1875.8666
1875.7733

-0.3
0.6

1875.5972
1875.5966 (1875.5989) (2.0)

4.5 ; 1875.7244
1875.6071

1875.4353
1875.4341 1875.4347 0.0

5.5 * 1875.5475
1875.4073

1875.2375
1875.2355 1875.2367 0.2

6.5 * 1875.3358
1875.1733

-0.3
-0.1

1875.0040
1875.0007 1875.0027 0.4

7.5 1875.0912
1874.9061

1.0
0.7

1874.7346
1874.7297 1874.7326 0.4

8.5 * 1874.8101
1874.6033

0.4
0.1

1874.4 2 95 
1374.4226 1874.4266 0.5

9.5 * 1874.4950
1874.2673 •:

s 1874.0887
1874.0793 1874.0840 0.0

10.5 * 1874.1449
1873.8965

0.1
0.1

1873.7123
1873.6999 1873.7064 0.3

11.5 * 1873.7617
1873.4918

1.5
0.1

1873.3003
1873.2843 1873.2922 -0.1

12.5 (1873.3427) (1.8) (1872.8516) (-1.1)
1873.0528 0.0 (1872.8342) (1.6)

13.5 1872.8867 1872.3688 -0.8
1872.5796 1872.3460 1.2

14.5 1872.3977 1871.8513 0.2
1872.0722 1871.8216 0.7

15.5 1871.8737 1871.2985 1.4
1871.5305 1871.2612 0.3

16.5 1871.3147 1870.7077
1870.9544 1870.6649

17.5 1870.7206 1870.0829 0.0
1870.34 32 -0.8 1870.0329 0.1

18.5 1870.0915 1869.4223 -0.5
(1869.6971) (-2.0) 1869.3648

19.5 1869.4273 1868.7260 -1.4
1869.0211 1.3 1868.6607

20.5 1868.7279 1867.9967
1868.3061 1867.9206

21.5 1867.9932 1867.2308
1867.5578 1867.1446

22.5 1867.2234 1886.4280 -1.5
1866.7751 0.2 1866.3313 -1.4

23.5 1866.4182 1865.5930
1865.9576 0.1 1865.4839 -0.9

a Wavenumbers in parentheses are not used for constants calculation. 
b Wavenumbers written in this column are calculated values .

#4.4.2.2 NO# 1 doubling^ j: 6th KC##

m.4.2.2 o

C T S (Cryogenic Temperature Stabilizer), 9"

CM (Laser Control Module), l/—
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% 3 — y

14.4.2.2

6 © K ^ ^ 5 ^), !/"-L Tff A 5 o

U — ^'fr b^-ti ^tl&^9\-%{t1kM'\k'C'hhiz'bb, L/ —K©&< K#AM6#2 5 mm, ES 2 5mm

@7 A#C0|[!]L/yX^#Wco

^1T, V v h±K%#^fl6o L/ v^X#M#T^(D

$A^#4z;L/K(d:N0&A[]6#^a^#^T^(9, m%©

#K©NOd^a&^/:#'y"<A o-f V ^yy&^A^mA#^/ ^ -K^d©jo©^#^flT

©6o

S(A®^©IS^r'a‘ti> L-^’—t6 A^)K^© btl&^Tfc^s^S-? /c-^fi©^^fH(3 An - Ge ^

j: v 7yy^m-^To v ^ /f yy yyK#o%PfL&o

©Aox v v h K(±^- 3 v ^ y% yy^#M##&iM#y(: A^T#6o

yx^-- Ky-y^b##b^6#^©##(±yX y- K©^K6f mc^fWGKj: -,T#ta5o

El4.4.2.3K^K#j^^^/:yX^-Ky-y©^K, E^KNO©#^

EI&b#J6j:7K, ^g/6#<#6Kofi,

# < %6& 6d#J6o
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1880

1875

1870

1865

1860

1855

1850

1845

1840

1835

Ixv

a 30 °K
o 25 °K 
x 20 °K

P ( 3/2 1/2 ) 1 871.07
---■ :

m

P ( 3/2 V2 ) 1 867,67

o'

1 u
P ( 3/2 3/2 ) 1 867,21

", .
P ( 7/2 1/2) 1864,24
P ( 7/2 3/2 ) 1863,68 ~ -■■■ „ ■

P ( 9/2 1/2 ) 1 860.78

■ ■* „»■■■

P ( 9/2 3/2 ) I860, 12

p (' !l 1/2 ) 1857. 28

8=

,*

P (H/2 3/2) 1856. 52
■*

•••••

P (13/2 1,t) 1853.74 e.
P (13/2 3/2) 1852. 89 • '—---------

P(13/2 1/2)1850, 17
«»#•»

_____
P(I%2 3/2)1849.23 .

—-------------

P (17/2 1/2) 1846.57
P('% 3/2) 1845,53 ,.r«xxx*—JT7XxXXXx- jyxXXXS------------

. P('^2 V 2) 1842,93
xxxxxxx

P (l9/2 3/2) 1841,80
v%%;(XXXXXXXX IX*

P(2i/2 V2) 1839,06 ,.xx,"" ixxX*
T

P (21/2 3/2) 1838,03 xx
xxxxxxxxxxxxxx xx"

p(2^ 1/2) 1835,56x* 1
XXXX ,X ,,X _ P (23/2 3/2) 1834,23

xXXXXXX**"

p

ro00 , 82
t xxx1* ’i 1 i 1 iI- -I______ I 1_______ I_______ I______ I___ , I______ I—

250 350 450 550 650
H ME I (mA)
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T&6

!!!&&&©«£ 7 /Co ^vl/F*gL /c N 0 ( 5410 ppm ) &#+ torr^T

#Af6o g|4.4.2.3^##(cLT,

6(±-e#%^o

^h;p#^#^#y-aj:9(C, C®j:9(cLl:x^^h;^(Dya

7 ^ -;i/&Z-y y3-yTE##L/:o

g|4.4.2.4-5(±^K#>)^/:x^^ h;i/#07°a7^-;y'r&^o ##^(4:%^#, #%l<:(4:### 
^6-?T&6o g|4.4.2.4(4:f (^ jE^7(4:6torr^g) 236torr ^"T^k^-e/Co

Temp 1.0970

% 67.571
1845.5

P (l7/a • ~/z ) 1845.53

0.425

® 4.4.2.4 P ( 17 3 ) h ;i/#y c 7 ^ — ;i/
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60

.0937

67.380

850.75

0.46400.4580 0.4610 0.46200.4590 0.46300.4600
iM. (A)

EI4.4.2.5

—^g|4.4.2.5(d:f (^, torr^^9 0 torrT&&o g|4.4.2.5K^

V^T, - doubling^' Mt> tlX < 6o 2I_s_tkM(DA- doubling (± @ T /J\ ^
2

<, 6 h;i/#Oj:7(cmx.6o

Valentin^K j:

A - doubling LT##0##fR###t&6/:o {§.t LtzQ

##IC2 | J g|5.4.2.6fC^L/:o
2

—oo J LT##o8W^A#& 6OL/:&&-?, g^7z)# < ^ 6 Kc(i

b^ITTl ^ <E>o
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04.4.2.6 ###%##&

h;i4£<D7°n 7 zf

h;i/#oyo 7 / ^8E(c j: j: 7^x^7

(1)

(2) K v y ^ -m

(3) 6g^$@

(DcDg^^g^m^og^, ^^icjo^T(±##-e^a#/j^^(D-ecc-e(i#mL^^o Kv7°7-$g

x-%7 H;i/#(D7°o7^-;i/(i^(Dj:7(c#y-6o

K

f (f)
exp ( - f % ) (1)

K152
bofW

bo —

2A:T

me2
Hn2 Wit! s
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m E ^ m

f (w)
s b

71 (w - wui)2 + b c2 

bc = 3.37 X 10 10 6\ 02,

(2)

— + — xf/( TTci/T)V mi m 2

K y 7° 7 “fe + E^ji

)

a =

1
oo exp (-y^)

^ "'-OO &2 + (^_ y)2
dy (3)

(jSw2 )

Mf) ' "

P'
n J exp[ - ax

%2 \
j cos $x dx (4)

6%6o

7X 7"^ K 0.000 Ion-1 NOO K y 7°7 0.002cm-i?

&60-eNOOE#/iyD7xf-;t/^LT^6^fT&5o ^C'T^##&WM^6LT, E^]8torr 
(D^(Df (^, -^)K#f67°n7/-yy&#a6/:o yi-doublmg^#mL/:^(i

P(f) 2k J exp (- ax cos $x cos A$0dx (5)

2).

p ' J \ 4

6 ft 6 o C C 7: A $o it A - doubling Ltz &, <D~C& 6 0

a ^-^7 7 - 7 6 LT (5) 7 xf -;i/^#4.4.2.7 T&6o a # Show

j: 6 6 0. SlT&fO, W:7°o 7 / -;L/6(i^C# <

g|4.4.2.3Km6fl6=l:7l(:, 7°o

7^-;Wio.y7^y%y7°(DB#^;&0. 5W>6 1#K%-3T#j^2fLT^6(Z)!r,

^#^&6#A", ^67TC(Dj:3

f(D^#@^J&6f66Aeo(4:

•f 0 I
$ — (fo - A$2)

+

fo
fo —A £2

f0 +A£2 I (£o + A£2) - $
fo

(1 - g-P(f

(1 (6)

6/I60 ? (f) (1 (5) %CK% 7 6 L, a , S (i Show b(DMW$a^£ D-^-X-fco E^J/fc" 8 torrCD^KAet
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P (15/2 1/2)

m.4.2.7 6 Lf:B#(Z)7°c 7 / -/[/

\24 toiS

■3 -2-7 -6

E) 4.4.28 7^-/1/
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#@E;%(D#&(cmV:o COjcolcLT#^ 

/:7°o 7 xf —)\sb Sij^lS^IH 4.4.2.S lW70n 7 -y 1 0 ##@7?—% L"C^6 C 0
%& C OB#(D Jf 2 3.22T^±(D y ^ ^ - K lx —tf'co#m#(d: 0.08 6 fife,

&C6(cf&o

7#:##T^W:NO(D#K(i 5410 ppm-e&o/:o IEI4.4.2.4 —5 (C;^&fi& 7(cg^^i#< /16(Co

< o EI4.4.2.4'-5^^^#LTM,##)

200ppmWrc&57o I/—

6 6, El£<h LTBIk-^% Oftir&ft'tfi't'5 j: o teti&tz.

%b, #%RT#mkm<%6o

C® j: 7 ^&^(c j: C 6

(7)

7^,7;: m#BE;%, (*mg, )

6co : fo ,To;c&#&g;WM

f :W4#'%0E#

■Is Sj (i

Sj — c(X (2J+1 ) exp
T

J (J+l - exp

a #RBic&#a/<y

Bch_ 1.7 an —1
= 0.0085

#T, 200cm-l

c 0

Gch ^ 1870 cm —1
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cfc ", > Am ax
TC bco

/To /
■a0(— )(2/ + 1 ) exp |^-fo J/ (/ + 1

1 — e
To\l

18)

6^:60

#Z&OAmax 6

Amax

A max 0

( 2J + 1 ). + ^ ^ ' (l- g ^

(2Jo + l )g-^^(^+D . (l_g-Co)
(9)

6%6o

04.4.2.9

& 6 M@CK ^ ^ T# ^ ^ 6 N O #?#&©

it&<^ (9) l3fl6Amax/LaxO&##K

2o/T&6-3T^LT&5o

2 000jT(D#^-e(j:M 

$(i^a©^© 1 0 #0 1 L$ Oo

L ^ 6 ̂ 2000

#@#&200ppm@g6%5 9o

A max 0

To = 300 K

04-4.2.9 Amax/AmaxO^-^^./max/C^O.Jmax) ^ ^0.

"$£#>

(1) %^EO^#Kj:"3TM^y'±#&#^YI:f6Rr#%66o

(2) 2000em< ^60

##3t#

1) A.Valentin ^©ftfe J .Molecnlar Spectroscopy 70, 9 - 17 ( 1978 )

2) L.L.Abels and J .H. Shaw J .Molecnlar Spectroscopy 20, 11 -28 ( 1966 )
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4.5 ■$£#>

V - K litlSo L /j-> L tstfi 6 *W%I1[S|

#>&tefotz>0, Elif ofS$89f%

4:M56E%©|S|B*iiffS^®5<: ttl, y ^ y*»lt • aftil-5S*x“?£

lg#t-tS O ^ i WK 4 ftfco

cftiffflrtlllWBttftflLtS/cfflitSL, y^yiiKtlfi^W'?<t

jb-i,'T^:<SrLi'E%a-5lc@^'iA4$"6'5}#ti*-Dfc„ -e©fc«i c ft,4TCg®LSti*-, fcmglfrttj 

fit, **'*14^^V'ai*6-©$ilti3: y -y y BS&4SSL, !,vtil"4"®l<:$'< ©BK&*^ Lfco 

t 9 lEttiH©^"?, 7k#£S«©a5fi£*bS#KS-5ilgtt7kX £ t,3*5Br-mf&t6 £ UT 

fc, xy^xotWiftS^Jiti, S$BW%®Pl3S*7k*©gL'ffiS^i*j:i.'9T--7fcg{5 

CiKLfco 4-fS3#m©##tm^6C6^6%6, #$Si«zS©E%^4:iltj'*-e, iS*®iyi7 

ylcj: 5E%©^lRlt4»ittf*lESMtoSlc@4 <34gfe, SiWf^fflftSifi^ § <3 L*®T?-*t5 J: 

9ictco/c0 W3Lws'6#&4?mwmcj:i)f#btifcT*-5-kmfiege#mMrt©#iitoMi 

tt-tt^fietSKESsE^tirtS^SoTVS 4«:!±*S«SKJ: .5®F^*£ Stcfl l_

MtiZ&gft&SOc

£t>£,tictii-e'rf^T£tzMmm?£frzmz>nt:KmttmmmttcDmtz*:£fMHtefj:?>-e&6? i, 

cfiiT-<D%fttiK-z>^rt>mi9ttM<, 4#£ t#33KncK#w%ta»6Tff< t£*s7k*xy-yyj| 

m-(k©9S-es5 9«
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°2I^2f? 2 2#?# you: g ff^#>j%0*^92'9

'^GT2fi*J1^02
^oiug^s aromg^g

' ' (^92^)^ aouig)XA:^

(19) ZN9A'S + ^H9AS + "6 +

^BW? 2 0^2A 4=##$W###G® 2 1

1^^^0#^02 (8)

(V)

q^q ^-a2^mw

° ^ 13; ? 2 2 ^ n #^%# ^ m## mmw 2 ^

°vi^w##2'm#0a-2

-A-^ ^-a^T^^a.^/3/1 0^^ J^EH;OTSMf/f J^-A-C

°%12## ^

#^"¥a rg

m #i i 5 T 21 "9



###m^AL:6o

*###^##^##^#^(4:, #A^AB#fc&6C6%)#J^TU^OTCOA.

(c-o^T^6o

j; "5K:@## ( ^ = 1 ) T(^#v V >ck^) ^^U"e&ao

igs.i.i

g|5.i.2-e, V yg)j#^6jt#L/:o 5.i.l^^^^$ij6j:9(c,

m#®Mm^-3Tm^L/:o#m^igi5.i.3ic^L/:o 499ccOHv##M^?)m^mTm&LAo 425
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cc s ■) maBa-es a „ iwwst-s o, cesare a, e a a; as-a a / -
1 ®jS ic$$-0-3S#S6#»ffiTH»btV‘j:v'=

K7>f h*A&%£!_,*:**»"*LfcS&, it

dAy-em*^®@A^w±m$s. AA La#®m#

S£#OitStt,

/H.+&&, 499CC,OHV\

/me#, #$«, Kf#«\
t425CC. SV /
/Sia®&, #$«.
\425CC. SV

x

g| 5. i. 2 m 5. l. 3 1C j: 6 mk

5.2

^^aM(C-3UTSchoeppel^,

(CoUTKarim^,

f(Dgmo-mi%6LT, 

L-r# < c a 6^,6 o

a%±,

*###*;

5.2. iioj:^igi5.2. i ms.2.2(c
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TDC

BzS : V y#S

y v y y # - m# xfr@ • 1 — 0 84 x 90 mm

ff m # m : 499cc

j± m it : 8.5
# #% s : #4##

m A : 1 9ps/5 OOOrpm

# A # W 26 E : 8.8 kgf /dk/2 000 rpm

# # # m : sM±X7 A y + 7 hB

BDC-

EI5.2.1

m 5.2.2

mi#^g(D##^|g| 5.2.3 (C^o *#(1, 3 - 4kg

f/cigG(cME$ti, lkgf/cigGic#E^fiA#, &&a>Ga67K#T#%&fi:f:

##Mfcm^aao

-e&6o f:f:L,

^i^m6 LT-V--^^ y^djO(c^m^#ALl:&6o C^fcj;6#A^mo@T(j:^D#A^(Dt- 

^ V y^#7r^5^( 2000rpmKr)T&^, *####(Dm@TOB#fa/J\2(,'o

a$E*fa##yy? o%
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Jj il l'
(30kW)

y > ^ a
b m

(NO. THC)

5. 2.3

% 3 - L/Co t V -&j;[f X-Y y 3 -y^^T:a#L/:o

c ip/R)6 36o/0kx c36op/R)omm#^^#mL, y VTyyy=#B"
^LT1P/2R, 6 720/2RO#^^A^(B#Wj;a^^;yy^^#m#m(cA^6o

720°CA$"e@A((:^T# 6 4 ^ ^ f O—

o±^E^{&#^y ^ a^ n -y oy^A^A LT^c 6 

6(cj;D, ^7y^Ajgr®#&T#mL/:o 

#A^M, 7K^, ^TKmo,

miJ^L, fT^gEWt-e^B#E#L/:o
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L, —#ltSX

(no)tjca'AK-fk*#(thcy&ztivtii&m-x.mts*ytkttiS&m'T'n->tz„ n 

a n oj-mogjsswtti®SKI!, n ox esa Nosge^&is-a-rs a c 5^3##L^

*S66lm **»®*<h|IMtietttt bCHCto*t$#B5r, £a LT*X«6iW£ffl V 'T, @eas« =

1500 rpm, (WOT) ®S#Kol'ra^fco tfcS 5.2. 2 IcS-tSKtoHfi-elsieiS®, »

ASWEO, Aa7K*#&#®&#CA6®##&#ML%.

5.2.2 s # $g m

@ e a s 1 000 ~ 2250rpm

& A *J ffl ( 70° - - 5° )BTDC

Sin iSWJV 4.81 - 1.42

KASflURO &§g ( wot ) & x y^gflue® sae®e82%

H5.2.4l4S8i«i»/i5-«»aLr, IEttS*W, , StoiSK r« *J;O-N0xgPtfi*®jSA»#fflK A5 

s-ft^^-To u-ra, s^4fc7K*»s*sK«5HT (i a a a a"#to s ti« i.' c a »>e,,

NO, ®*#St"ftH'«fc < . a®NOxSmSlt, /i ^ 2.5 T'MABeffl K A 6-fStti$ESlBHfSTI$l$' 

S"e$5M Bf6J:bKfi-d'< 1$ao6*nei8®se»5A§ < net),

tot-6o —$, AT., r, ^®B#E-3(,'T(i, #Am*#®AA#m(MBTaMW)M:^M\$l,'a

A 180 71=1500 rpm
-tiAB$fflMBT
WOT

n = 1 500 rpm 

WOT
cq 140-

(C 500

-2 O

S %

400 ^ R 60
MBT

20 . 30
(TDC) .&;WIWQ CBTDC)
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E'gft, ttz T, tt ®. ATE ftJIANSt.'liE'ft'< ti5tK NO,ttlSi!$E Oft HE#]©E#ftS»ftt'ft ft'4 

X., tti*iST^/hS < tiSx., LT,
«@,-esfc„ ssejseH, = ismbssm'e&^o -ju^i.5 -<?««a-r

ot@e7fiety 3o ctitt, #v u y#0Kik**##6j:b^TK#mm*m<,

X*,!/*--&J;SlVj:£'@*S©e»»ttAft a*#i$e»s'njterS5Ca:*5j;y'**S 

mcefivKO ftrrftif Wcftfilift*ft c E^©N,ft Eftft/ft fflfeSSrtt^fffiTiiiSKSSSS^^Or

II 5. 2. 5 l$jSft$M8MBT 1C y 5tt**5 =fc y#fit#tt'VZ)5S,i8#Jip0§ft* K|(C(i iEtt.#@f(

?,, fi£9L©f*«iW’?,, b, melts-Bo v, © aic^b

$-ffcti/Jx£t'z)ft It A»NJX$ < >S5 EffiTTSo Cftit A»i"/Jx$ < & 5 ERASS-SU*#*©**© 

£»B#6*'i®mU mA^f'aBftttft-ft5tz%ft * ft „ C®,Sft-!$, ft V U > f£fI]ftrcftMre E B/ft 

£>, *^5$;ffl=t; -5 7<tiBSM®68i$T©X'5T'& So /Sft6#fflMBTIC*n'T A< 2-ett NOxStoeiitilDf- 

S*S, jEeaJtBIBBrt-e 2 g/pshHTT&S „ A ^2 fll NOxSfHJ*S#SlCiJ>« < , ®St?§ SgffiT? 

<SS„ tfcv. H, A = 3ttffi©$$S6rEhK&oTfc20%«mT£, g;*A#aK-p©#a$^m 

fft£5ci4sti>ao c ft t>#*®Jgfiicisi'T7k*©8$$«K^'*'C?&SftEicjgHLTt>5„

115.2. e Hiaeaa «. e lt, e«*a jv, E»«a®r. ©Aft#m©&#^^fo mbt «

nz5i*S < tiSEftimciitfo -jr, !i!feaKicHia'*M«iciSJn®<S[S]

^S-To Sft» = 2250rpm, /SAoM^ftT-iS SJ#£r, A = 2.0tCft(,NTfcj®ft^£t-fco 

H 5. 2. 7 H Aft^MMETICfty- j: ^#*##^©@^3% InHtolBZfflll'i/jnlcti'

— rpm

---- 1250q,

400---- Ll

1750 o- ■f—o-
1500O"

12500-

lOOOo-

LO 20
CBTDc)

MBT

o NO:

^ 90

1500 :
@$5)$® n (rpm)

0.5co

z

20 ""

19#

ti

El 5. 2. 6 5. 2. 7
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->TStiBSMa96^b, tHAHiiiaL, StofiSt>«<«5o L^LNOSPttiSKIi 

-i "= 2.0 ©ftft-m 4 0 ppm li/Jx S < , EIE^^A -) KSBtti*3 <3 ® NOxSto«

0 5.2.8 liRASSSt 9 ©BW^^ABeffl-eSHLfc$6$T$5, B 5. 2. 4 , 5.2.5 A

»"vu yiieBe©j:-5KSe*Siitfcsgs6Stic'f'5-^$»sti:i,'c, e#^Acc-M4^ =

2-sK*y5jtR^R^/ic eAsmoiKoaes^f ?» «, mo#AHue0%82^Emaf &. 

®Asmeti©2B5i*s, a#*am«# <, ^A»em©B#t

/hd<ti5, $ bic NOxStol^SlSBWTiti 5,&ABeffl©$SISb)£fr6o ts& v« *««,S8 *3 ©«

^KffiT'4'5©!i4-;y7’}l^ffli@jDICA5 fc©iEtoil5o

H5.2. 9 ttitAB#fflii:A58lig©^Sffl$4t^»IEE*®W(l Pma, , SMSs4iJ:«*fF 

( = 8/ &ax) TSaLfclSST*9, tfcrVj'jW *

±#sp <2p/d^feWIBL*o H5.2. 9 5.2.

10, 5.2.11 6#5<h, F(t±£ <-?£*), 8M$Sl&

Lf©A^$l4, 5S$BrFT$5^b, **v V y®MKtey5

SjE©$$ ( 5~6S&) AOSt-'Wi ( 2 ~ 3* )7) icma^-gc 6^43^5. Ctl(47K»ffl«#ttlC

m-=1500rprn *------*iR»9#±
A=2.0 o—

Vv-- -
-90 «&

/__ .

•—A»—A—,J“>A»

e 20

20 31
CBTDC) (TDC) CBTDC)

EI5.2.8 g|5.2.9
% 0##
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%m^##T&6C6#;(cj;6$)(D6mt,^6oA^#%^i#&66 Pmax^AL, 

^/y^2kgf/cidG/deg(!:^6^6, 7 y +

%= 1500rpm,

T ;y7 t V -TE#Lf:*§m&(g| 5. 2.12 fc^<,

LT^5C6^t)^6o CO^Ojgafeo^Td, ^#T^A^7°7^#^(C^mL/-C^(9, $

L^L%mA#uo^^

6(ccu-c^, fc##

fCTEI 5. 2.2(B),

fo##, BI5.5. 2.(D##T^^j;9(C7K##^[]^#m#(cac)' 

y-/:(B)Tf:, ;< = 3.0(C^UT^^AL, (C)TU^ = 2$Tm&oI#T&6o (A)T(j:y( = 1.5T&6^6

6C6^6^60

&5o

(i) #wy6it^LT#L<KA"e#, mm#^(c#A^m0m(9^^g6L/z^

C 60

t^o^uc# LT, 6,

(1) #A*&Cajm#6%&o

#W&TL,

(3) No#m#m^j#mT6

Cfig)OR0j0A04:T,
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71= 1500 rpm 
WOT
1-1.75

AARMm (BTDC)
-----

30° 25'

20" 15° 10" 5° |
4.1ms

g]5.2.10 E

30° BTDC

10° BTDC

5° ATDC

g|5.2.12 u

(g 5.2.11
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#$o@tia A(5'3rC'(tKA#®7A*i b bfalMih ti 3*i bKfih'#"3^B**&3o:

c@i8*ffleHfcii«aflcD^y5 y, A®mam##®#e,^±sa?& a c t*#e- 
s tin' a*ip **®-m»*wi*i"em7KSj:SSi®SS*siF+5>TS a it A, iaAlBIWS bit$*s
AJtiJAya a A57fctn'3o Lft*^TBfiiini!(3B©?££PA ACit, #m#iAi-e©@A%+*icR* 

a£*i*tflLb&ens3o

ttSici-1'T, ffi*^teihLraeiaB^SS6tb$Tt£*L, mARl±%lt*iaA Alt, tilAlSLh 

-fb©#f#A N Ox@NtbAACfmAI»±©$M:**-#KmR^a c A %-#m-#-tilt, 

tilSiAAttvx-y v =

5$;k & I' t ti b ® p-Wt a g® smi- a 5z£ a cm ixi s.2.7 a awimAitag a
ureASSte®fiT^/hs < l (>t = 2#a?#m##abi®%#mmtit'i5ic?&a), i&k&AOi'

NCWtbM&fflx., A 6K,%i$,g#cic J: 19 m A ki A A A- (t A - a tj /A * 1A A btia. c©^fflt7k*®«#

was- fc 1' *1 t fc s> a * o

& A

7k*^®«*^**cWKftl&^aA'l*Koi,'T, S@tt.OTE-»-'f A71-AtteAM1 'TiSfi*lt
5-tfi'. 7k#«# ic A a 3R##a A ® wm A a w u teem imTic #% g ti a.

(II SffiSgG( /i=.5 ) frajmr-& , «gTm$*AJ>y 0 a A, *me##?;^2Tlt, NOx#tll 

@mtitia#-c#asanr&acctit:#m^#i-a.
(2i l*>l, ntsAsstemfST^iSA^sl:, «m*^!#bti«i'ci, Nox#me®t#in 

A AB a@ jS$-n ® fHlSB A AsffiiS T 5 fco
(3) j®A®SHA LT, a*«SS#in'a@fiES®SfiSit:»DAT, »9tWl*]®7l<X A$jn®Sl=?® 

x+eyc A&*Abtia.
(4) «®jiciii't, ffiAKih, mtjisj-h*?ao='noxes4b*sBr®ti3e±®)SSalt,#»s 

AA • HiSS6$*s * O' b ti a o

##&#

1) Schoeppel R. J., Final Report, Contract EHS 70-103 Oct. 1971. "Design Criteria for 

Hydrogen Burning Engine ”

2) ffl x If Billings , R. E. & Lynch, F. E., Billings Energy Research Corp. Pub. No. 73002 1973.

3) me. 1973, 12. N&9. 1975,

16.

4) Karim, G. A. & Klat, S. R., ASME Public. 75-DGP-19, Diesel and Gas Turbine Power 

Conference, New Orleans, April 1975.
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5) ### Na 750-15 1975 239.

// Na 770-4 1977.

6) #X. (f, Escher, W J. D., 10 th, Intersociety, Energy Convertion Engineering Conference,

1143, 1975.

7) A#, Vol. 13, 1974-8. 23.

AS, $9### 1960.

5.3

^ a o

^ j; # mm### s, ^ o

mnmm

*####^#A/c$aMO#%e^|g|5.3.1 -(a),(bK

o

xltitipffl'^-ry v H

5. 3.1 # ^

(b) ##^#6yvyK5
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**###

= LA. 5. 3. 1 KTii'to WB-.'figjti, ±5E^O(f

7 y^ftK40C'iCDOT^ffi^T, mmmiC#/j'4°CAM|@Te#lcM#T^6. ##*»##% 

imic*9i@#*a. & c#-earn LA.

*###«# 5.3. i k* la* 9 icnewa 9 ®##A"xe^<,

ft< <L5^S»5$3. ^ ;t.#-fM-to<" AiLK = 4 ^rtSE€-®*l*i!nK L, W#®#

mii;k%6 LA (a 5.3. i #m). #5.3.1 ee#*f#mtt*

7kX#*t#«, as. 3. Italic^* 9 ic, «Sv#*9

ftiicm±s@isSi»K®9#y, «av*fi-c®zE&«® 

i * 5 A » K #W#5ti$SB 6 < £

T-fig 4 ftt L A .

*#*##* Lff+mil

HS^BoWHS^H 5.3.2 ICS*.

TkXti, @ES$@tiiDT«ff#(I)K * 9«1 5kgf/cii GK«ESn, S blc«E#(II)K* 9 2.4 kgf

B -- K;i/gl

m 0.7 - 30 ms

m : 3 kgf/cnl ( )
# ?L 3.5 mm
# m 2 cc/ms

D R LiSS 50 Hz

# fi 1 mm

E- ^ -Hi

^>7"

7 — 7~

x-v

5. 3.2
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ZcdG-eiciaEsti/c®, & £> »> 15h/iesseitK<t o n s „ s zimmmti

*i««#icii>ns. c©*#*©%«#»RA#Am-e&o, SEsmest 

H7k*se©-:6-51—:$, aaui7k*ii^i*#j:^a-c,«*snfcft, e

ttiA, @eas*$j;i>*^Be$aijgii^ft^'nE'Seflttt*i+, z y 7&,tcf 7 4 z??

^ti^ti©E*giiiiew#© u 7 hais, ubtfizv =? y?nmreturn

-y y? nxn - 7‘f|S|BtK||^Lfto S 6ii:;&gicjSGTTy7 7i/y e v -fcj;

ffX - Y 1/7-y-S-ffll'T, CftbOfl-^^ESL/Co 

KASSt, 7k*, #a#x&A0%#7k#©Smi, 7 a y /!/- T7Vy /y*sS*tvtSJSL, 8TA 

SE$il+K$BetB» L /: o 8to*'x ftfilc (i CLD& A FID S#tHS h L fc ^ ■/ 7 v y«SPftl**x ft#? 

NOx ( NO ) £THC£®JSL/io

*#*#

*##E^y-5AA#m6ACf###M©@BS-#MaM©#MM#m66 &KH5.3.3 #M

©SIkH^<b LT7k*l»EE2.4kgf/ciilG, BiEiSKro = 1500rpm, R9©*frTfi->o § 6

EAA#m Hiess^ 1000 ~ 2250rpm©|iBBT'EA/-cl|glt,S

• t-

16.7Hz 
:^>y > 2000rpm)

2.05msec

g|5.3.3 5.3.4
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#^of###%^##L/:o E15.3.4M#4#^^^6 L/=#g##m0m^B6 V 7 

0-fij-e&&o 16.7Hz,

2.6kgf /bigG-e&^o

Tg (c-#L/:o #

Tg (ia@#miCj:^#2.0msec#%^5o t C-emm<D##Bm&IE]5. 3.4 

6a-^L, ^^(cg|5.3.5fC^fTg6#^0##^^0M##)#26a(h,

^0##f^(li^l.6msec#UC6^t)^6o (EI5.3.40T2), #0#####^^

c 6^: ^ c4;6D^

!####

m5.3.6c#^mE^, @#fH7h#B, ^jzc;^77^m@[4°r60'7-^

mw&mmLfco

C 6L/:o

El 5.3. 7 6o

16.7 Hz
PA#EA

O 2.0kg-f/cm2G 
» 2.6 ^
• 0

71 = 1 500rpm, A = 1.57, * ^ffllO°BTDC, «%#!#%, 20°ATDC 
(1 div. = 10kgf/cm2)

El 5. 3. 5. m 5.3.6 ^-7o^3-7°(cj;6#^J
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ffMiit' c o ctut, ma^MamAns
mtm*T&ac6, $ 5. 3.1 jStkcFH 5. 3. 6 Ic^Stl-S <£ •pK^PtW^/J'St'C i^6, *HK®W 

#K$ggT«###m®B6K#®%Yb^/J\ S(,'/ctoT$6-5 =

£ < LT, AA#m%#6-5a6"

E*-k#W<£ A/iis'M< ti 13 , -<M ?vuEIjtvh£it'C £«#*:= C®G$(i«e#l;$£ftet6

^t^ewtc-at- 5o

siAttffifcEvsmtett

A*#*)®## H 5. 3.8 (i*»fB#*|200 ATD C -SfflTT, AAB#S8®IEftlflilffi*.Ne *<fct»fW

sr6^®®w*ssts*i* /iicy ura^fcigst*5„ a 15aas#*!*®^kmb tts

Ltz„ C ®MB T®#Hm##m*®#A6 Big—m^-3. H4W*t$(;m:@lh5i£AK j; ^giEEtE

& ti 5 t (OTig^iiswi w) o <-ft»x.E'S-aERrffiti/sy<B#ffl®eHi$airo'S6-ibKe-d'<

ti<9, /is: 1.0 2-t?«'r^r®^ac»#MT?i£yc^b:«e: i^LTi'S, 

Aycem®#m##^®K#s-m 5.3.9 icgfo aasi w^a ws c a <ca ssmssomnn^n 

/hSl'o —SN0*$®Ma>8ijeii zi = 1.55©SIJ61C*£I'M /i = 1.35 "mES < ti5o Lfc&iTft

$®AA#mamKaa NOxfg*&«a##AE#m?u%#^/j'£ t>= ti*thc

.}>i.6-e(iHi^'^tb£nti^r.ti^', *^STfczi>2®«BiTWi strf, /i^'asttKffi-dX£

®mstv, ^fflSKBit^oiiisj^-ro l^l, 7k*«9 k * y 5 thc ® # tuiawi®-$®
J:6fe®-esy, «Kii fc*r*50ppmc g@T-cb6 C £ »• b, Av U WTinKfKthtz LflU'»

&«.m»e>&W AA#m^MBT£LT, S^E®Be>£ieS#i;l6'Si:it6i LtilSS^H 5. 3.10 
icsi-= *^A®mwm%iia#maE#aic& o, Af-

5^6, M^«#'S(#ie*to-iJblcai*»iS6 = SAAStirra, $#SSit£E-=T@El A*l£rc% ai 
A®@T^/J\£ < , »IBi« fc|Bi±Lri'5o ctlij, #ii§*agKiifcf5Wl«S0a* 
f, 5 C £ K j; 6 7k#®%#%y)^'tiu tia#x. wcti

<-'„ a^'fi^ibicifio< £, «ASStSSti 5>0-'KS£8«»®&£®f*#Si*7„„. % 

Ai)@<ti3C£&b, *ga6m##*&*6®m*®#Ma6/C,!:'ti<tia. ^tl^A^aotbAtt 
#E®«@K«#icE%gEmm^amE#a$?KALtic £®#m/:y£ti3. «*, c®###$ 

©ffiTtt, F)c £ic z f, 2'jy^0SSA'x2«i'Ci, t ti#SiC7k*

iii ca -5 k, < Tr®7k###^@##me#ya :itit’lc&gt-zt

o
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t fcjlxbft.5

*\ NO n = 1 500 rpm

■<» RtikuMt —
(^##20'ATDC)

3000

-150-

—*—A—**■-*;- ■ft-----

^ 100

10 &

0 5.3. io s«ia*i-si<:j; 5*5 =fc

hs.3.11 BwmiifflititjjiSpfltas'xoe^e^, A6^#meKm6L-cm^

ti6ir££>5 = f:f: L & 5. 3.4 ic^r L/:. ESige°Jl^ti:toH

ITIi AK frfrhZir, o*#B#*8@S*l$«®T# 6fS$T& 5o ZLftM8£#tt®S§iR ( 0 
5. 3.7SE) j:-aLTI,'5o £ =fc oT fcffiS 0, «»B#M£Sl«#S»iiuK

<kWB#X8^ii 5 - <: ©#$%-?«»] 3 ft 5jESSE BJIgyWB#

M®ISH14 A»S/J\S < y 5 B£'$l < y 5 £ o

@$=SM®S8 ite#l#6i$K*i-'Ti8*B5ih, NOx ffiSlto <£ E>'tti *|5j-bft;®i*6SSK H #*g 

6rit • HMfciiiig LTl' 5 C ch£ifiJttT7S Ufc0 CC?B3 6IC, ,i±bWMigEli: =fc-5 NO, (6«8b$ 

&##L, fi@eS® ( 1 00 0 - 1 2 5 0 rpm )lCft O’5 M B L , IbHES® ro ©ill?

^s-cfco ^®#ss^iiE«^s®isai: i: fckm 5.3.12 ic$f- = imes®-™, vv »**

8c«6i$,£ 0fil'ic zM*6-r, ttitittfft®@eiiS£l=18®iz:,et<'„ fft«$x.###t#< ys. c
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-0001
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40ms
1-158'ATDC #M#I855°ABDC

A. = 1.46 
?l = l 500rpm
'P*mm8°ATc 
AV(#miO° BTC

106° ATDC

14° ATDC

A = 1.47, m=1500rpm, ###M8°ATDC, ^#^10°BTDC

(a) (b)

A = 1.51, 71=1 500 rpm
#&l#mi2°ATDC
.^^(B#miO°BTDC

12°ATC

62'ATC

A — 1.42, n = 1500 rpm 
###M36°ATDC 

BTDC

36° ATDC 186° ATDC,

'55'ATDC

(c) (d)

0 5.3.14 jj? -x s m

«artic*fi«sg)iiiMSh5Ci

CO|#^##6LT/S7(7°7 7",

urns.s. is;

c£fr£>, o

84 -



#4o#^-emm^-6T&63o

^m(c^y-6^0##6LT,

L/zJ;3(c, 6^,60 c^,(i#A^fi^zK#-^M0#^

eA^^-o/Mu,

/:(,' C 6 (C j; o 6^f 6^>, ( m 5. 3.13

(a)),

0#A^@#(C#^|^T#AL, ^;y-e#A$a5mAm^#^T#A^-6/:%b6mt'a6o

i.02(c^y-6^A^im^#m®B^##-e&6C6^&5^, ±EL/z##f$o/J\^uc6((:

o#§r6#A^oym^K#, #A8e%^j;^m^#%omA^|qI#^##((:B#L

^ c 6 (c j: (9^A^#±-e#ac6, 7j<mwm&9a-#-acaj;

(D, a#m

^jtia<^-eiE^m$ERr#6^(9, $6*c;>2,

c m 5.3.10)«

L/:^-3"C,

±Yb(:IE^3^#@^@#j±a < a-?#A Lf:^ 6 C 6, $ ^KNOx#m#^m##

±:S0AA^%#f'5^&0—o6LT, LT#A^m#^o#^(cm^^-e#

to £ & &

85 -



(1)

1.5^6i.o8$-cK^L,

(2) m^"#^W^±L/:oL^L, X^2f(im##

(3) NOx###mt X <2.5T##(cl#A L, J; D1% < ^ 6 o

c j;c;mfrmo#Ae%6

#f6^6L,

1) Levi, J. &Kittelson, D. B., SAE Paper 780233

2) Adt, R. R. & et al., THEME - Conference, Miami, (1974)

3) Pompei, F. & Hey wood, J. B., Comb. & Flame 19, (1972), 407

5.4

5.4,1

##A#AAW@fc&uT, #^#&%C#.ik,

-f ^ A#M W L T # /: o

wacmm, #####

%:;###% ombfc #)# L < u- a o

AW90#R±®fmmA<bLT,

*f 5 & 6 o

e C T, = c LTA###^ ( @#E,

urn,

9 L /: o

86 -



IS %

A •' 1/426.79 k caJ2Xkgm

G : #7. ## kg ^ i g

G, : kg$/:^ g

f :g^7 kgf/nf

A : kgm/kgk

& : nf

^ K

y, y,

Cp, Cp:%E&0%#J±# kcaJ2/kgk

g : UtAJOiHjS= 9.807 m/sec2 

n : x.y i? y[o]$5iSS rpm 

t : sec

e : g#it

^ ^ 7 deg

deg

A: : j±#j±

^ 7 y o y

/ : ZK #

m = y u y y ^#"0^

o :

3fcg:frg5fc&im»£ (i)

(i)
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dVm
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PmVm RmGmTm
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aSSFP/ |/ 2p/(P;T/)
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Pm\lCf (Pmw \ Kf

Pfl \Pf Pf 1 K/ + 1
(—)
' + 1 /

¥
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K/ + 1
2 V/ -1

fCf — 1 P/ \ tCf +1
(-M
\ £/• +1 /

(2)

(3)

(4)

(4a)

(4b)

Vm =Vh I-----  H-----( 1 - cos 0) + —— (1 - / 1 - Ac2 sin2# )
[ £-1 2 2A c

CvmGm C vaGa CvfGf 

RmGm — RaGa + RfGf 

Km A Rm/C v m 4” 1

0 = 6 nt

(5 )

(6)

dTm _ 1 [ Gp/ Pm / P/ C,/\ dG/ ^ Pm dFm
dt ~ A { C„ Gm \~Tm. ~c(~fl~dP~ (K”~1)'T^r ~dt~

ttlK) . 5 blcEAEftS!i(3)(7) Si <9

= _ £»/\ C*/ l_p,
dt 1 Rm A \ Pm Cpf ) CVm J Gm dt
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dCva Go dGvf Gf
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dPm Gn dTm Gn

(9)
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LtZo

ms.4.1.1 L/c^#

^ y ^ y ^7c y&= 425.6cc 

6 = 5.6 

^,= 0.2534

# @ ^ 0 Rf = 420.55 kgm/kgK 

Ra = 29.27 kgm/kgK

CD # a = l.o

/ (T) =Ai +A2T+AzT2 +A4T2

/ Ai A% A3 A4

Cvf 2.189 0.1270 x 10^ -0.1863 x IQ-s 0.1001 x 10-5

Cva 0.1776 -0.6449 x 10^ 0.1644 x 10-5 -0.7344 x 10-1°

n - 3200rpm 

Pf : 3 kgf/cm2 
S - t.O cm2 
Tf : To = 288K 

P0 -" 1 kgf/cm2

$ 2 Nozzle 
Pf = 100 kgf/cm2

- X = 0.763 0.767
19°

0.765 0.797

(TOO

H 5. 4.1.1 «»Bma>BW
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&/5o|gj;0,

MODEL Gf 9/stroke

0.0596
0.0466
0.0523
0.0456
0.0284

0 247

0.282
0.323
0.519

fl = 3 200 rpm 
Pf : 4 kgf/cm2 
Tf = To -- 288 K 
Po = 1 k9f/cm2 
@i -- 8DC

9 BTDC

0° BTDC

6 "BTDC

a 5.4. i. 8 * AigessttK^N-s ->'/ y ffistimt

ay U yy'rtETjS.O'fiSK-fb^oEe^liSci-c?/J\#TL^3a#E##tLT 
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n = 3200 rpm 
<t>2 Nozzle 
Pf = 100 kg f/cm2 
Go = 15°
X = 0.972 
P0 = 1 kg-f/cm2 
Tf = To = 288 K

B T DC

n = 3200 rpm 
<t> 2 Nozzle 
Pf = 100 k9 f/cm2 
Gp = 15°

X = 0.972 
P = i kg f/cm2 
Tf = To = 288K

B T DC

m s. 4.1.1 o
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Tm
/T

o 
^ kg-

f/c
m
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#5.4.2.1

^ ofco

m?L(c #)-kvMTA6j;3 6 o

5.3.2 a u-e

*#CI#g^y^mOT5kgf/cigGfCMS^a,
ME#(n Me =k 2 kg f/cn! (e#g^ti, @^mmt(e J; 0
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kgf/cii!GgXggT&(9,

co^o##^EI5. 4.
2.2ic^-fo /=/:L,

mam

#5 INI & #

y U y y m 

m # m #

5 m # m 
y v yy@x^f#

# # #s #

^ ^ 

im # ^ ^ 

M M tB ti

# f# h vi/ ^ 

E # It

m a: ^ j; cx#x

5111

GE-43A

XBE91M ?vi/
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Injection Valve

Position of Spark Plug

Hydrogen Inlet

Throttle Valve for
Suction Air

5.4. 3. 6

y 7 m 5.4.3.6 D L - y 7 y i )%m2)

# S.4.3.2

to

im % m & 

‘X 0# S£3

# W # ^

# # # fm

# #4 E # 

g ^ m #j $

1200 — 2200 rpm 

MET

70° BBDC~40° ABDC 

24° - 64° CA 

2~4kgf/cri 

0.9 6 — 255

(i) y ? yi&m A (m s. 4.3.6), woT

(2) // B,

TKmmmm#

(i) ......#WE-m,

(2)
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kgf/cdGfc#gL, #v v y(im^o%D.y h

-e u i ^ u % <,

y /y%[Xf 
^(D&Ocblql—T&&o

M^kitykMWkKWzh^k^ft bfrit

(kg/s

Gh (kg/s ) £#'V U y'tftlkGg (kg/

s ) 60jt GA/Gg, ^ ^ ^ 6

-?%o

#Wy&o:7K#(Dm#i%

:m

G a / Gg

0g + 0ft, ( Gft/Gg )

-/G", 7K#6#VVy(D#^r#m 

^ % 03#a&f flf'fWA (=28,800 

kcaJR/kg), qg ( = 10,500kacj£t/kg)

6^6,

fO (D##(D#mQ ( kca£/s)

it, 5. 5. 1. 3

Q = qhGk + qgGg ( 2 )

6%&o $/:, V ym#G(/ (i,

Gg ~ Gg + Gh ( 0ft/0g ) ( 3 )

6%&(?yr, CCD6#(D]:y/y^O#<6B#^D(D#l^#aQ' ( kca&/s)(3,

Q’ = qg(Gg + Gh ■ 0ft/0B) ( 4 )

6%&o C0^(2)6^:(4)Oj± :

Q qhGh + qgGg

Q’ 9p(Gg + Gft - 0ft/0p)
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#(C LTmt*^#)0-e& a o El 5. 5.1. 4 1C j 6 G^/G& ^^G^/G, @M#^, El 5. 5.1. 5 (C Q/Q'6Gt

/G0<DM#;$yJ\1I' o

HHiJ, xy v^yfoj^ii^w = 1,000 rpm —

G« = 3.0xl0^k&/s—^6L, X=1.0 

- 1.5, G&/G, =0-0.15, A^W-40deg 

CA (BTDC ) -3 f: o

Ei s. s. i. 6

f^L, Gk/Gg lt^^x./cj#A-®yv yymg 

#mm^#&BEmEiT& a o Ei 5.5. i. e ^ g,

Gt/G,

^^tiao ccD^mma-e^Gh/G, it(cj;a 

#^##@^41:^2^^^^, C(D##(a#6 

/v^^u6#X.^fiao L/C^^T^S.S.l.G 

o7K#^tn(cj;a^M(i,

(c j:6 6#^. 6fiao

El 5.5.1.7(3:^%c;Gk/G, lt6MBT^ 

#%60l#&&^Lf:&(Z)'C&ao El 5. 5.1.7 

^6|D)—^#(C^UTGt/Gg lt^j#%^#a 

(hMBTA^#mo@^aca ( TDC(Cj&"j'

< c& )^t»^ao 

GkLTi'ao

5.5. 1.8 iCTjk'i'btia o CtVX:'itGh

ylGg lto.l fct^T^(a^0#W^47^fc^:

a«

#-#-ac E15.5. i.6®m%^#:(cT, 

oM^mMmicri%570A:6m#^^a^, c.

Gh / Gg

^5.5.1.4 G*/G,a G&/G.6 ^@M#

( $g = 14.6 )

|g5.5.1.5 Q/Q'6G&/G, (DM#

( (j)g = 14.6 , gg— 10,500 kcajG/%)
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®S$IC=fc5Mg (S„ )n,HS:fiyvffl<tD*5>mn-r5o eft*
S„ = B + tcTic (cm/s)

6&<6, = C=1.46^6o B(j:#^((:j;66B = 6.2(C^

60 C##6Ti= 570#O6#S*i=92.3cm/s#

n=1000rpm

= i.o
A BTDC 10

G h / Gq — 0.10

Gh/Gq = 0.05

Gh/Gq = 0

10 TOO

BTDC ^ AT DC 9 y 's 9 %

0 5.5.1.6 y;

L/:gl35(C 

3*i=92.3cn/sO#^, E

n =1000rpm
g ^ m Go = 3.0x10^ kg/s

Gh/Gq = 0.05

Gh /Gg ~~ 0

10 —

igi s. s. i. 7

IEI5.5.1.8 7K##0(Cj;^^WfmgO#D

7K#-gmo#^, mE^Eommc

#2.o-e&%, /f EI5.5. i. 9(j:ca^#^L/:^o"e&5o cfi#

02 o6#3*i = 220cn/s 5. 5.1. 9 OE^^#Eom@(cA6o

E^±#6#fC^fE(mg(:j#m L, IE 5. 5.1. 6 om&#ff:T,S*; = 225cm/s 6 ^ ^ y o«5o

#A-O^2.5f#(c/Z6o CO##^(^, @^^(fm^(co^T0#)0-e, m^OJ:y>;ymo&a^ 

o#&6m%&#, ^oj#^o#%^@^^(f^#micvz6 6#x.>)^'5o

g| 5. 5.1.10 ISOmmTMijO^gT^ D ^ Vk-T/L// j; (;
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(S/w
o) 

"S

Eiej$S n=1000rpm 
^ M S G0= 3.0 x tO-3 kg/s

\= 1.1

Cr-O

= 0.05

&!k®m (BTDC °CA

05.5.1.9 05.5.1.10

05.5.1.6 6D#|S]fC^LTU^o

10

»
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g n = 1000 rpm 
I Ga = 3.0 x 10 kg/s

Gh/Gg = 0-10 Gh/Gg ~ 0.15

El 5.5.

n -1000 rpm

Gh/Gg - 0

El 5. 5. 1. 14

tUfijSK n = 1000 rpm
32 Go = 3.0/10'^ kg/s

MBT

Gh/Gg -0

Gh/Gg - 0.15-

X
El 5. 5.1. 13 *##%#%) NO###

IS te iS $ n = 1000 rpm

Ei5.5.i.i5 #m*oco#m
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MBTA^%(C^y-ag|^m^^lgl5.5.1. IZIC^o G^/G, =0, UyO^0j#^(l

y| = 1.2T^^U:, G&/Gg = 0.05®6#(lX = 1.4$Tm^T^/:o G&/G, = O.150<!:&, ^13 

6D#@T(:7Kmo#:#^#WD^6G« = 3.0 xIQ"" kg/sfc#ot El 5.5.1.12%^

{6fc#^mmoor\ Ei^m^$-'^6$;<6iqiEi4] 

X#j#3nB$, EI^#^#0(q]±o&'5C6Wj%'f6o 

#^»#0NO#ai#^l^5.5.1. ISfc^-^o |W|^^^X = 106^, *#WOK:j;aNO###0j#W; 

() %)MB TA^(#%(D@fUCck 6 NO###DM4>(Zm 3 < , MMMlcG&/G^b#t0f(: j; 0 NO #

/:/:L, C07'770#m(im<^^o

ias.5.^^eica-jx 6Hc#m#

G&/G,it^A:<'4-6ca

7K#m]!m^oco#m$^Ei5.5.1.is^^ co##$@ j>1

^ f-L'y^Tfj:CO(D#ai$(D^7^HC0f flckD^< El 5. 5.1.14 6 El 5. 5.1.150

c-c^ao c?

t t bh

#vvy(czk#^^oL"Cj/(^A^(#M^iig$EL, ##

5 o

a/:o a%,

(|j) #####]0^|#^(d:, zK#afCckDlA^5o

(ill) HC0#m^, 7K#aofcj;D^:#fc^/^'#-ac6^^:u^,

co0#m&HC6{5/:#iS]^^^, %#f#^smm##x^i0

Gv) No®#a#, MBTA^#mTite
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^^6, zK#Wn#oa3^N0#aiW^0:u##

L & ^ A o

1) Lewis Flight Propulsion Laboratory ; Basic Considerations in the Combustion of 

Hydrocarbon Fuels with Air, NACA Rept.1300 (1957).

5.5.2 7kS—y r*7 V

###6LTW#j-C&5o

(iii)
(iv) Mfb#m^#VVy((:lt^T^3.5^6^<,
(v)
(vi) >wa#<, E#lt^m<(hac6^ol#-e&6o
W) /:/:L, g^cpOTvPTbF^i#^^

W) #VUy6(g|#gT&'5o

(ix) b IrUMS L #x. C ti 5 o

co=k-p^y^y-;wc>ifL,

T&&oyf/-;wa, >;^vh^ni^(c-#-5C6
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