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Backgroun

Combustion characteristics of a LOX/GH> swirl coaxial injector element have been examined up to very
high oxidizer to fuel ratios in a research rocket chamber at Penn State University's Cryogenic Combustion Lab. The
single-element tests demonstrate that, for injector element flowrates comparable to those of booster engine injectors,
ignition, stable combustion, and good performance can be achieved with LOX at O/F ratios as high as 170.

Operation of injectors at such high O/F ratios is a highly desirable element of candidate cryogenic
propulsion systems for next-generation Reusable Launch Vehicles (RLV). Oxygen-rich preburners, supplying low
temperature exhaust gases to the turbine drives, have the potential to minimize cost, weight, and operational
complexity of advanced rocket engines. Fundamental data at the single-element level, such as that reported here, is a
component of an industry-wide oxygen-rich combustion technology program for RLV propulsion. Recent progress
is summarized in this presentation.

R h Objectiv

Research efforts are directed towards understanding specific technical issues that must be resolved to
minimize the risk and cost associated with developing oxygen-rich rocket preburners. The experiments concentrate
on hot-fire uni-element tests to demonstrate concepts which can be incorporated into hardware design and
development. Two concepts under consideration are direct injection of propellants at high O/F, and stoichiometric
injection followed by downstream injection of LOX to achieve the high O/F. The specific results given here address
the performance, ignition, combustion stability, and wall heat transfer aspects of a direct-injection swirl coaxial
element design operating at high O/F.

Current Progress

Experiments with direct-injection at high O/F have been conducted in an optically-accessible uni-element
rocket test chamber of 2 inch square cross-section (1.1 ft. length) with LOX/GHj propellants. A swirl coaxial
injector element, characterized under both cold-flow and hot-fire, was used to atomize the LOX. LOX flowrates were
held constant in the experiments while O/F ratio was achieved by varying the hydrogen fuel flowrate. A gaseous
hydrogen/oxygen torch was used to ignite the main flow.

A series of experiments has been completed where O/F ratio was varied from 5 to 170, while simultaneous
measurements were made of high frequency pressure oscillations and wall heat transfer. Chamber pressures for this
series were nominally 300 psia, and data was obtained at both upstream and downstream locations within the rocket
chamber. The results show that wall heat transfer is greatly reduced for high O/F combustion. Pressure oscillations
are also at a low level, approximately 1% of chamber pressure, for the entire range of O/F.

Further characterization of the direct-injection high O/F scheme is planned, and will involve non-intrusive
measurement of spray penetration and the spray flame temperature.

Acknowledgment

The oxygen-rich studies are sponsored by NASA Marshall Space Flight Center under NASA Agreement
No. NCC8-46. The swirl coaxial injector design/characterization work is supported by Dr. Mitat Birkan of the Air
Force Office of Scientific Research, Air Force Systems Command, under grant number F49620-93-1-0365.

515



G661 ‘LT - S¢ ludy
Vv ‘SliiAsijuny
ABojouyda] ajoIyaA yosune pue uoisindoid 19390y
uj suonedyddy @49 40} doys3iom Yiel

19jua) Yoieasay Budauibuz uoisindoid
pue
Buiieaulbug jesiueyossapy jo Judwpedaqg

516

JIVISNNId
olojues 'Y B |ed 'S ‘uelAy "H ‘uewyey 'S

IDIDOY INTFNATA-INN
‘HO/XOT1 V NI SINAWITIAIXH
NOLLSNIIWO0OD HONI-NADSAXO Ml




Ausianlun ajels uuad —
1Sho4d "I\ ‘Jeeyos -1 ‘U9SO\ "IN e

18jua) ybi4 aoeds |jeysiely YSYN -
NUNH r a81xag "D o

uoisiAlg uoisindo.d jelosay —

BIINH " »

517

salbojouysa] pajyun -
UBWINEH " PUB X0 "Y)

U2Jeasay dNUBIIS JO SO0 82104 1Y —
uexJig 1euN g o

SINHINHOAITMONIDV M



Nl

Gl o

\\\\\ :

k_u-.
I_queYy)

193PoY
JUWA[F-1UN)

3JEIS Uuayg

HI

Jouub
ya10] ¢Q/°H snodasex)

wonogq/do} uo SMOpUIM
Jo|S Buoj ("ul g) ww 1§

SMOPUIA\ Buimalp
punoy (‘ul g) ww LS

(ssenbs ui g)
UOI}09S-SS04) WW LG X LS

SuoI1}09S Jaquiey)d
ajqeabueyoiaju] / Jejnpo

laqueys) 19ddo) yuis-jesy

Ad9INVHO LANO0U

A14ISSADDV ATIVIOILLJO N

8

1

5



24SIN “Asunym B nelq 9elosay 18€0 "ON Jaded VVIV ‘G6, 'Ie 12 uewyey :'jay
Aq saipnis JN1S wouy panusqg ubisaqg -
I-b-V0LTH O} Jejiwis si umoys 10329fu] —
(a1 1SOd "u1 22270 8 "ul SE1°0) S40308fu) g -
aonoeid Ansnpul
uo paseg si ubisaqg 10193[u] THH/XOT -

(ur 08¢0 “ur 691°0 = AO ‘Al

519

umoys J0u SNTANNV 2HD)
VI 1SOd
‘NI SE1°0
(
= )
)}
AF.SP
. - 00°L —» .
000°S < T 00°1
o G2 i

AOLDAINI TVIXVOD TIIMS N



uonnjig + uonoalu] "ysiols °‘sA uonodafu] ase4 jind —
4/0 Yb1H je uoneiadQ Jauingaid *HH/XOT -

passalppy
aq o0} sanss| Abojouysa] uoisindoid A1Y o

520

uonsnqwoy Jo Hwi 4/0 UbiH Ajnuap) —
uonsnquo)/uoniub] ajesysuowag —

uonsnqwo) yaiy-uabAxp
uo aseg ejeq [ejuawiiadxgy payuwi] juswbny e«

NOILLVALLON = FALLDA[d0O HEE



ssaiboid uil Bunsa] —
sjusawainseap anoqy jeaday —
(woueisd 008 =°d) soIipmS 4/0 Yb6IH

Aauaioly3 9 «

ainssaid Aouanbaiy ybiH «

lajsuBi] JeaH jlem Jaquey) «
paja|dwio) sjuawaInespy —

(wou eisd 00 =°d)  saIpMS 4/0 UBIH

521

0LL-S 4/0 —
eisd 00S - 0S1 °d -
s/jwq| ¥'0 - S2'0 S91eIMOo|d XO1 —

(a1 LSOd "ul sg1°0)
10}93[u] [eIxe0D MIMS HD/XOT YIIM 3l14-10H

SNLVLS B MAIAYAAO R



(1yb11) swel4 uy sdoia X0 Aq paisneos ybi-1ase .
(Wa1) 1sod XO1 01 paydeny auoz aweld [edIU0) .

ainsodxa *sasw | ‘uwe

sojoyd ‘ww G¢ | T '_

522

MOT4

1Ix3
1S0d
HOLO3MNI

AVHdS XO1 A8 JNV1d AVHJS DNILSNEGN0D
d343L1VIS LHOMN HASV

eisd Oby =°d ‘2'S=4/0 CHOH/XO1

dTHIAMOTA ™ HII4-LOH Sl




olley 4/0 Yyim sasealdaq ainjesadwa| awe|d ojeqeIpy o

(“HO/XOT) OILVY 4/0
001 o1 I

0

L OST
! 00¢

0001

N\ 0S
A /i 00ST

X /e

/ Il & \\ 00SZ

r/ 000¢
00S¢€
J14-n
Holy-n4 D MANLVIAdNAL
‘yo10}S ANV 1A DLLVAVIAV

NOILSNINOD 4/0 HOIH A

Z
523

Yaly-xQ E—




(s/uq| 6°0 = mojd xO.w MOI4 XO SAUGI SZ0 —
‘OvL - 2L =d/0

10} Kouaioa O %E6 — syuejjedoid *HH/XO1 -

10}99lu] X011 10)99[u] |eixeo) IMS —

Jabieq] yum sis9) swos — eisd 00€ - 002 =°d —

0Ll 01 G = OlieY d4/0 40}
uonsnqwos/uoniub] ajesysuowdq sisaL o

(S) ANIL OLLVY 4/0
ol 8 9 % z 002 0S| 001 0S 0 3
m 1 0 ow n
J /JJ # 001 68
é 00¢ . N P N 06
86 . © vISd 00| od -~ ~|_
00€ 2> - 6
991 ¢ = MOT XO'T -2 v
'S = 4/0 vIsdopz~od v | ‘o
[s/uqy 67°0 I I v
Y
007 (visd) 0l ()
ainssald Jaquey) TMNSSTIA Asuaoyg .o ADNEIDIEAT O

4/0 HOIH 1V ADNAIDILAE O M



S321IO HNJUBA pajelqiied yum Bulialay mojq e
(¥0Z 19poIN el19S) sabnex) ainssaid Joquieyd) Z .

(b2VELL 1I9PON g9d) sebnen ainssaid "baig ybiHZ
sabner) xn|J 1BaH 2 o

Wv bupjoo
Ul 6 ‘e ‘L =X }ep,Seay Xnj4 1eaH - M3IA\ pu3g

525

<7— Mmoj4 mv T

(ye0iy1-o3-0jzzou Y4 =
‘U1 62°¢1 = Yibua) | /n
MIIA 9pIS Jaquiey)d ugrL=xx®
ue‘cL=xle
‘b 6
.C_ cL=X ._..__ m =X .C_ m" =X ._.__ L =X U.QNQE 0.-& y _—._

NOILVINHANYLSNI LSAL A



paulelqo Xnj4 JeaH juaisuel]l .

sanm adnosounay |,

TIVM
nl\ll\n\lll]llh IOH

NN

/

1addo) 9314ty

w80 bl meLgo vl 0v82-dL-VSVN ‘88, Haqgal :Jay
woo oL wgeo o ‘O”a7 VSVN Aq anbjuyoay -
uooro 1L ‘ugeo0  ILL P p p .
. . vl ‘€L ‘2L ‘1L sdway
> LN gosieo v 3EED wodj paindwo?) "1djX JedH —
- 1900y
/// jo s|jlemapis Buisoddp uQ -
B pasn sebnen xnjJ1edHZ e« §
uonisinboe eyep o} / .

INFINTINSVAN XN'14 LVAH




(paijddng sy)
ATSNISSY HIONASNYHL

e et— 210 8L

. uonsinboy
(payddns) *
Z0VS90 MOM,” _
ML GLO ﬂ ’ ,,
Buiy jpag sec ,
(1euondo _ _ | [leM J2uuj 1aquiey) 5
mmm%mwwwwﬁ |8 UM ysnj} jsowje pajunoly abnex .
{panddns) *
PULVZ-IL/S & uolnjosay isd 200 o
EOVOS0 PO ¥ €71
XoH §/1 INN-"T q--k<
dwej) Buneoly \\ y paAojdw3z Buidwes zH)} 05
HE.
420npsuel (asuodsaa oasmi | ““bai4 jeanjeN zHY 00S)
Kl J018UU0) vZveLl I9pon abnen g0d .

jeixeo pyl Zg-0lL

AD9NVO
JANSSTAd ADNANONII-HOIH S



SUOJHPUOD YOIH-XO SASIYIY O} PALEA MOJ4 ZHD o

S/Wq| G2°0 1 JUBISUOD PJeH )eIMOId XOT

X X L'T6 0901 80¢ 1L1 $S100°0 $97°0

X X $'98 0161 97 8'v6  1L2000 LSTO

X X $'€6 q99y ¥ST T'bb  LSS000 9T 0

X X X L'S6 S109 Slg 7€°S 898900 6ST°0
X X L6 $801 Z0¢ 891 £S100°0 LSTO

X X S'16 0881 LLT $°96 992000 LSTO

X X €6 STYE 86T 9°9%  TSS000 LSTO

X X X 001 0109 9¢¢ I€°S  6S8%0°0 857°0
X X £06 0011 10€ 991 LS100°0 1920
X X €'v8 SoLl 6T €01 752000 920

X X 676 SEPE 9 P9y  TSS000 9$2°0

X X X 9°66 0919 S6C 1'9 L61¥0°0 9620

urgr=xfutg=x[utg=xluwy=x ['urg=x|ul¢=x| uf =x (%) (4 39p) (e1sd) (s/wqp) (s/uqy)
.wuovum o.:..mmohnm \'ocoz_uounm _._Wmm m u% Vv muws_wmv x:?m uuom.m .QEO_.H QENE o.Ewwo._m cmuaﬁ >>O~nm >>o_,...m
SUO{)8207] JudWNIISUY ‘JA-xD  paewnsg  Bqueyd  J/Q  USS0IpAH XO1

528

XIALVIA HI14-LOH 4/0 HOIH



(S) ANILL

8 9 14 4
0
(pepn|oxa sjusisue.) S91
umopinys/uoniubi)
pouiad buly ajels
S0 N
-Apeals Joj si ejeqg

/ ,

N

529

9
N S =4/0
ersd Q¢ 8
‘HO/XO'T
01
(S-ZuNI/NLE)
XNT1d LVAH

UL =X""XNTd LVAH TIVM



(S) ANIL
8 9 4 ¢
IEWEI’ SVl O
= $6
1974
4
174
S=4/0 m
\L 1,
eisd Q¢ ;
‘HO/XO'1
01
(S-ZWNI/NLE)
XNT14 LvAH

Ut 6 =X XN1d LVAH TIVM



(001 ‘st jo 4/0) 181easn Apueoyiubis Bunesy 1o0joslul-1eaN

4/0 Buisealou] yum so9sealdad XNn|4 jesH

OILVY 4/0
002 0ST 001 0$ 0
o 0
S~
XNn|4 JedH jo h T ———— g ug=x
sanje) abelany-awi| / .
ale sjuiod ejeq AN e ¢
a
y %
=X

¥l 9

%
8

(s-zvNI/NLE)
4LVH ONILVIH

4/0 'SA XN'1d LVAH TIVM R



(M®d 10} s-zuymg Gg) Wwawa|3z s/wq| | 40} s-zul/mg gi
0} 9)BIMO|4 JUBWI|T YA\ S9|edS XNn|4 JedH dje)sS uudd -

}Insay J8loiay 0} satedwon -
YIOM 13410 01 paltedwo) xnj4 jesH Jaqueyd .

(s-zuymg)
1/ GL 9 XN1d Lv3H
08.1 00€ 00¢€ (e1sd) °d .

(sywqy)

! e/u G20 MOTd XO1
9 v €S 4/0 %

°HH/XO1 °HO/XO0D ¢HH/X01 | SLNV1I3dOoHd
"Swaj3 09 ‘swa|3 gp Juawsalg |
Xeo) UIMS Xeo) [ImS Xeo) [ims dHO.LO3rNI

(16.) AGNLIHM ® 11vHdd (€2) 13rod3v  31V1S NN3d

NIOM 19410 " XN'1d LVAH



("dAL zH 000¢€ > "baiy moT) sapop |euipnyibuoT] —

9d JO %I} ueyyl ssa7 SINH —
4/0 1le 10} paAIasqQ suollen}on|4 ainssaid |[9A97-MOT]

oney J/0 (S) anIL
00T ]9 001 0¢S 0 05000 0¥00°0 0€000 0TO0O0 01000 00000
C 1 Il ! | O—l
o | -
N o o Py 8
e} - 9-

OCP

L -

. iiié :
o MR

533

3 (Swd 1sd 59°1)
eisd 00€ = od [
*HO/XO1 -8
o0 14 0T (1sd)
%) 2d / SIWd-d — O n
9d 10 % ul 991 =d/0 N e
uonen}an|4 ainssaid Ai1oys1H awi] jeoaidA}

VIVd DANSSIAd OII HOIH Ml



paAlasqQO S9pO}N jeulpn}ibuoT pig pue s e

- L861 €60 ILT
(1€ 0L0Z - 6<0¢ 9¢0 891
(11) 069 (45014 (43114 S¢S0 991
- I80S °‘SL6T ‘OVLI e 8°v6
(11) 016 1238 12318 vv'0 S$°96
1€6 1€6 £t €01
- 60¢1 001 (A 4 4 -
(11) OvT1 - 1671 [4 0! 9°9¢ @
6LCI 6LC1 vv0 oy
- 0859 080 (498
(18) OVIL y 1235 6v'0 1€°S
(711) 09€T auou 9LY9 Se0 I'9
(zH) uer =X ureg =X urg =X ur =X (%)
‘baag SUOI}ISOd JIUDIJJI(q Ie 2d onjey
PaydIpalrdg (ZH) paaIasqQ Ad>uanbaiyj jueuosdy Swa-, 4 1/0

'SOAYUA
INVNOSTI VAIINVHD IR



s}sa} eisd 00€ 10} °d JO %l ~ suonenjon|d4
‘19)o0Y Jusawd|3-lun Ul UosNqWo yoowsg -

(ssaubouad ui sysa) 1sd 008)
eisd 00€ = °d e paziiajorieyd xnj4 1eaH Jaquey) —

%96 < Adualoy3-,9 "Yyd101S-1eaN —

%¢e6 < Aauaiy3-,9 yoiy-uabAxp -

L'S = d4/0 e awel4 u} pazijensiA uoibay X0 -
}1sod XO1 Je buipjoyawel4 paaiasqQ —

0L1L >4/0>9 189300y jusaws|3-lun ul X0
UM paAsiyoy uonsnquo/uoiiubl yaiy-usbAxo —

(°HH/X0T) sunsay a.1-10H udwWd|J-lun e

535

AAVININNS N






Alisianlun 9jels eluenajAsuuad ay|
Buneauibuz jesiueyosyy jo Juawedag
191ua) Yyoiseasay buuasuibug uoisindoiy

3PSl "] SeeY) pue epudlin) "I\ Aaljjar

uonnjig Atepuodsag buiziyn siduwanqgaid yoiy-uabAxg jo
Jo sasAjeuy osiweuAq pinj4 jeuoneindwon

537



suorjrpuoy) sunerad( Jo s} —
pmbry [V Jo uorjezLiodep ainsuy -

Mol 1xXq Jo AjruLIojTu() pue SUXIN  —
uornyiq WBIAIISUMO(] .wo @9302 @ﬂm %.Smaoomv —

:sonss| ussa(q

WeaI)SuMo(] pajoafu] 10zIpix( Sururewdy  —
SUOT}IPUO)) JLIJOUWIOTYDT0IS-IB3N Je pauing [ong —

UOTINTI(] WBAI}SUMO(]

uonsnquio) /0 YStH -
91ey MO[] JOZIPTXQ [INJ YHM pouing [ong -

uorydafug o011y

SNOISHA YANINIIId AOTA-TINA TVLLNALLOd

538



Wiy oc_e.:f/r

SO — \ \/,v R
Lﬂ R R -
uopisnqwo)d v ¥ v v uopoeju 3 ua
810 J4I0WOIYII0
Do 1Y30)S plosuew Aoly
Yyibuess ybiH
> i
> i
> > 9109 19j918)d
> - pejool uopesdsue.
wupweng - > <=
juepuedepu; — - =
> . 3IF
X 10)08ju| 19i0)€|d
hm X|weid pvedwo)
2 ! > 19U} 210
19Uy 10y — — 13))uby yedsg

wealysumoq 19zipixQ pinbig jo uonoalu] Ag painjg

sainjesadwa) ybBiH s8anpoid uonsnquion oLIBWOIYI0}S Jea

JILVINIHOS HANHNT-3IHd

539



sowday Surjerad( ajeudorddy sugysq —
s19joweIe udisa(] yuejrodwy AJrpuspy -
suorjeandjuol) SNOLIBA JO SUO)) pue soid joafory —
sonss] d-o1eog [eyuswLIodxy SSoIPpYy —

9OUBULIOJLIDJ 91edS-[[N] 1°TPaI]

suororpald QA Jo LJIqel[ey Ssossy  —
SJUOWIDINSEBIN YIIM SUONorpalJ uorjezuodep aredwo) —

2Inpad0id (D JO UOTIEPIEA

soduey 19jowereg —

uorjeIns3yuo)) [BOLI}OWOdr)  —
sjuowradxy] a[eosqQng AuUYSd([ —
soduey 1ajowered ajeudorddy jryuepy -
suorjeIn3juoy) [BOLI}OW09Y) SNOLIBA UG  —

[00], u8ts9(J Areutwit[aad se (40 oSN

S TVOD HOAVHSHY

540



snipey/yjlsua] Jequey))
I9joerey)) pue uorjisoduro)) aseyJ sexn

sorsuejoRIRY) U0NIalUu] pmbry

suoneLIRA oney J4/0

:pe1sa], suorjrpuo)) surjeradp

I9qUIBY()/910)) ILIJOUIOIYII0}S POSS90Y

[[EM IoInQ wolg uonosfuy [erpey

oje[daoe] woa,] uorjoaluy reIXy

:paJ1episuo)) suoreIngdyuo))

SNLVLS INASHAd

541



213seyo0)S SallIoojd A pue sazig doiq jeniu] -
pajues lo iejnojpuadiad 18ylg payosfu] pinbip -

s10)93[u] Jjlepy woi4 piemu] pajoalu] pinbi] e

uopafu pyabry |ll|

e

~—— PIOJIUBN O] <——  SOSEN) PAISNquIo))-alj 10[]

N\

uopdafug pinbr |||

:lleM 191nQ woi4 uonoafuj jeipey e

S3IH13INO03ID HIANHNE-3Hd OISVva

542



o11Sey201S SaNIvojdA pue sazig doaq jeniu] -
(ez1§ doaq uealy) Ajjeouidwig pajeal] si uoneziwoly -

aje|daoe 10)99lu] woi4 Ajjeixy paloalu] pinbi7m e

543

\ = uondafug pinbr|

<~ PIOJIUEN O], ~——  S9ser) paisnquuo))-ald 10}

// = vonaafuj pinbry

:Anjawioary uonoalu| jeIXy e

S3IH13dN0ID HINHNF-IHd JISVE



onseyosolg sallloojdA pue sazig doiq jeniuy -
pajued 1o Ajeixy 1ayy3g pajoaful pinbiy -

deisyoeg juajeainbg ue swio4 1aqueyn uiel\] e

e

F= uonooalfuj pinbyy

soser)
<~{— pIIsnquio))-ai|

<-—— PlOJIUBN O], 1011

/ F= uondafuj pinbrg

tuoibay 8109 pajieraqg buipnjouj uonoaluj jeixy e

S3IH13INOTD HINHNT-IHd JISva

544



suoryn[og [eon[euy pue

[ejudwLIadx ] 1suredy pajepiiBA-[[9M 2InpadoiJ uornjog aseyJ ser)

(WY3LI03TY ST 10 [QV) sseujsnqoy 1o Aywrdu] paajog

surLI9 ], 90anog Juridno)) aseyq pmbry saambay

e « xp 10
-+ —+
et me T de!

A=®vﬂ + v.:m + mamm —
mzﬂmﬁoz UINqJN,J, -y -

jrodsues], sewadg/suorjenby soy0}G-ISIABN POUOI}IpUOIRL] —

uoryse,] UBLId[NG Ul Pajeal], aseyJ ser)

ONI'THAON HSVHd SVH

545



he&oﬂﬂus
n%o1 +=4a
ny0l F n=n :eddL],
UoIjBAIOSq() [BIUSWILIadX--U0Tjoun, ] Wopuey :uonnquuisyqy -
dy 10j0efu] £q pauruLialo( UBIN -—
L9019 191doa(q Ljoadg —
jruar] sodd() uonnqrisiq -
dy ‘suorjearasqQ [ejuowiniodxy UBO -
azIg 1ordoa( £ywadg -
UOT)BZIWO)Y

peygadg s[duy ,euo) J0j03luy -
S0P A dox( (I-g {10309[u] OLIjoWWASIXY, —
UoL3ay 9IUL] 19AQ PIMQqLISIQ  —

uorjoafug

SHSSAD0Ud ASVH AINDI'T A0 NOLLATYOSHd

546



on . (- 1} . 114} 09 0

(pM Romoony vonnqLEsy] 2amnjop
100

(P)8 pue (p);

(p)) vonum.} uoingtasI() UMy 8100

sazig }ajdoig snouep ojul pauoliijied pinbi
(p)b uonnquisig ssey pue (p)} uonnquisig Jaquiny

sjuawiainseal) jeyuswinadxy -
uonsung4 uonnquisig Hwit-laddn -

:S|9po|\ |e1dAdS Aq pajuasaiday si uonnquisig azis }ajdouqg

‘SNOILONN4 NOILNgIY1SIa 131d0odd

547



W unEo | [y

o . 00

—

"0

suonMpald [(vApPuY o
SUDTOIPALY [SRIATNN —

W (7 = 0A \I\O\o

= OA P - ] -
/W 0§ S —
A0 001 = O

—o—e—0—o—a ¢

wo Areonkreuy pIrepireA
g IAeH sauopafe], P

010 O=

ML pimbr]

MO[.] SBN)
A'

suoilnjos jeanAjeuy Ylpn uosuedwon Ag palepijep sauoloales)

‘NOILVAITVA 3SVYHd dinoIl

548



100 €t00 0
- = 1 AL L c
prom o
N e (7
(L (1661) o pom Suny
e g - S0 W
(1661) or] pum Jus )

01

}a|doaq ajbuig 10} suonnjog jesusawnp
pajelag yum uosuedwo) Aq pajeplje ajey uonezuodep 1ajdoiqg

‘NOILVAITVA 3SVYHd ainon

549



(s) ANIL
PI'o 1o 01’0 800 900 00 200 000

] I 1 | I, 1. . 1
/ 000
oor/
1 e il ey %
CIE%L91/°0 %EE8) %, .
. uonW pp7 = °q e} SV
- 010
) N (o %001) <10 AN.:.:V el
o uonw gfs = °q
L AN
e 020
~
. ~
e |
-2 $C0
140N ONVNORIIS-NOZIWVHEV 1
SITINSTU IVINIWIHAIXT o
_ I e — cmc

sjuawuadxy YUM lIAN sa@iedwio) ajey uonezuodep 19|doiq e

‘NOILVAITVA 3SVYHd ainoli

550



- Plojugy o |

~— = PlOJIuCy o]

N

F= vonoafuj pinby
sa581)
PaISnquIn))-aiyg
1ol

:uojbay aio0n

- pajielag buipniou) uonoaluy jeiIxy

£ uopaafu) pynby)

F= vopdafuy pmbyy

<——  SOSEf) PIISNQUIN,)-34] 10|

:Anlawosn uonosaluy jeixy
F= uonaafug pinby)

P
e

- - plopuep o

~

uopaafug pybyg ||I}

~——  SISEr) PIISNQI0,))-21J 10} ]

:JleM 193nQ wioi4 uonoalul jeipey

uopd3fuy pynbyy 3

S3HIIW0ID HINYNG-IHd DISvE

551



9|buy Aeadg uonosaluj pinbiq
Aoojap/91eY MO|{ SSe|\l aseyd sen
19)1awelq 19jdoaq paloaluj

Ayooja A uonosalfuj pinbi

oney 4/0 uonnjiq jje1dAQ

:paiapisuon sisyawelied ubisag

s/w 00 L Alooja ser) abeiany
29s/b6) G*g a1ey Moj4 sse|)\ 3109

(M G9€€) 0L oney 4/0 10193luj
.6 10 1913WeIq 1aquey)

:suonipuon bunesadp

-SNOI 00 1v o

552



(00T =2¢ep) X

X X 00T
(00T =¢ep) X
X X 00T
(0G = %fA) X
X X X 08
far p
081 0GT 08 A/0

NOLLOULCNI ‘TVIAVE—SLTINASHY DOIALANVAVd °

553



aouelsiq [eIXxy YA\ sasealou] Ajluojiun -
s||e\ Jedp 1apjon -

oney 4/0 IV 10} JeluNS plaIIMmold 31X

081 01 08 :4/0 weallsumoq -

:19)18welied Alep

(dP %0¢2) s/w 08 :Aoojap uonoafuj pinbr
wn QG| :19j8welq Jajdoiq ueay

s/w Q0L :AlD0|3A sen 19|y|

(M G9EE) 0L :oney 4/0 10193lu)

:suonipuon bunesadp

‘OILVH 3/0 NI NOILVIHVA

554



(M) "dway (M) dway (M) "dway
000E 0002 0001 0 000E 000C 0001 0 000E 0002 000! 0
Ty [T T gy e o1
1
50 {so- | {50
B ho.o 1.0.0 B ho.o
S0 S0 S0
/A {d/A d/A
DU TR SRRy BN ot N BN B S ot T N | ..nO.P
0 1=1/X G 0="/X £ 0=
ainjeladwa ] SeK) JO SUOI}aS-SS01)
ot g0 £0 FO & /X
0 | U [N
00€ LT
—
009 m
ooom ks
ozt o
00G1 ¢« plojiueNy m
008} =4
0012 m
00vZ B 3
0042
000€ uonoslul o111

Woi4 mOjd 18U 10H

() ‘dwa)
000€ 000C 0001 0
{50
4.o.o
g0
WA
[P Y ..p__._L'UO._v
1'0=1/X
eb
s/w 0§ =""n
wr oG =*p
s/w 08 =""p

0S1 = d/0 lleddnQ

(Anawoan uonoaluj jeseyduad) 1auingaid yoaiy-x 0 40} ainjesadwa | sey

555



(M) dwa}

000£ 000C 0001

T T

T OP-

00¢
009
006
002t

004Gt
0081
00le
00ve
0042
000¢E

N

< plojiueiy

(M) dwe)
000€ 0002 0001

T L T

P

Elat

(M) dwaj

0 000€ 0002 0001} 0
ot IARARRARARREE - RAE /S
{s0- {s0-
00 100
S0 G0
"/A d/A
o'l et OO
£0=1/X
ainjeladwa | Ser) Jo suol}08g-SS0I)
g0 £0 'O & /X
U ) Wy

uonoafur xo1T11

uonsnquio)d *H/XO1
WwoI4 MOJ4 18Jul J0H

(M) dway
000€ 0002 0001

0

| BRI BN A S s

~0°1-

00

i

L

S0
H/A

.10t

seb

s/w 001 ="“n
wi oGt =%p
s/w 08 ="'A

0SG} = 4/0 liesen0

(Anawoan) uonoaluj jesayduad) 1auingald ysiy-x o 10} ainjesadwa] sen

556



00T 001 0ST
0ST 021 081
2ep fatA A/0

AdVINIANS NOLLDHCNI "TVIAVH

ase ) 1SI0

ase)) 1s9g

557



(%) dway (M) dwsa) (M) dway (M) dwaj

000 0002 0001 0 000 0002 0001 0 000€ 0002 0001 0 0008 000¢ 0001 0
rrryrro YT rTTTTad .¢O.—- ML R OP- VL A ...AO._vv ._...._...._....O.Pn
15°0- G0 B 190 ‘Am.o.
400 - .o.o T .Ac.o ..o.o
60 S0 B 160 490
u/A {d/A H/A {a/A
(IO U 40} AT T 01 ol .hO._v Al BT TS Ui ,rio._.
0 L=/ §0=1X L"0="/X
ainjeladwa | Ser) JO SUOI}09S-SS0L)
0l S0 €0 'O « X
0 | U i Wy
00€ £
4 —
009 { oz
006 X =
I 3
002} ~ &
00S1 € piojilue an %
0081 g £
s
0012 m, 3
00v2 5 3 s/w 0zl =""A
002 081 = 4/0 le18A0
000€ uondslul X011

(Anawoax) uonoasluj jesayduad) Jauingald Ysiy-X o0 10) aimesadwa | ses

558



(M) dwej
000 000Z 0001

0

LA I AL e R S |

v

i

00€
009
006
002}
00§}
0081}
ootz M
00¥2
0042
000€

¢~ plojiuen

ol

(M) dwal

000 0002 000}

T T Y

S -t

TR

(M) dway
0 000€ 0002 0004 0
- I0NE AERRRRARER 0l-
G0
oo
160
H/A
04 Ty o'l
€ 0=X
alnjeladwa | Sex) JO SUOI0aS-SS04)
g0 £0 O & /X
U | Wy

uonoalul XO1 \_13,

uonsnqwoy *H/xO
Wwoi4 MO|H 18ju} 10H

\

(M) dwa]

000 0002 0001 0

™1

Ll

T

H/A

i S

TR

wrl oot = *p
s/w 00k ="'A

061 = d/0 lietdnQ

(Anawoan uonoafuj [esayduad) 1auingaid yosiy-x 0 104 aimelsadwa| sex

559



13jua) yalseasay Huueasuibuz uoisindoiy ﬂ

A1VISNN4d

sosed aamjeraduid) ysig|

-
- -
~ e
- -
-
-~ -
-
-

.......... » SJuUaWId+ 19jqno(] Suiduiduu]
AqQ paonpol s139ys pinbi]

ATI/WOID) RUIMRIJ JO INEURYIS

560



0¢ 0¢ 08
(&7 09 031
oIduy furp A/0

AdVININ(S NOLLOHECNI 'TVIXV

IS8 ISIOM

ase ) 1s9¢g

561



(M) dwa] (M) dwaj (M) dway (M) dwa]

0008 0002 0004 0 000 0002 0001 0 00€ 000¢ 0004 0 000€ 0002 0001 0
T —1—-—00 00 ﬁ44-...._.‘4.co Y»rrrrrr—rr—1rrr—0 0
¢0 ¢ 0 c0 ¢0
Vo /0] Vo v O
90 90 90 90
80 80 80 80
H/A w/A H/A /A
01l 01 0l 0t
ﬁ;:_.rr.[.!» s ] ﬁ‘r._x[__._. A [ ST A T IS S
O 1=1/X G 0="1/X 1°0="1/X 0'0="/X
alnjeiadwa | Ser) Jo SUOI}D8G-SSO1D
—
0 o3
00t W M
N e
009 @ liad
006 S5
0021 =
7 T
00G1 = 3
S 3
0081 =
0012 | saaibaq v =0
0ove  b— S/W 09 = fun A
0 -
0L¢ 021 = 4/0 lie1dnQ
000€

(Anewoar) uonosaluj jeixy) Jauingaid Yaiy-X 0 40j ainjesadwa) sen

562



(M) ‘dwas}

000€ 0002 0001 0

MPT..d_wf._<.ﬂqoo

AY/I Amgv

) Vo

190

‘Hw,O

P I\>
Y 1 1 O—
O 1=/

0
00¢
009
006
00clt
00S1|
0081
001¢
00ve
00.¢
000E

(M) dwaj
000E 000Z 0001

ol

nMFPL. T

—00

¢o

vo

H/A

10°L

=R

000€ 000¢ 000!

(M) dway

0

P

I ML

—00

AV

vo

(M) dway

90

80
H/A

o1l

TSR

000E 000¢ 000}

T0°0=1/X

ainjesadwa | Ser) Jo SUoI}P8g-SS0ID

saalbaqg o0¢ =0
s/w og = "'A
08 = 4/0 lle4dnQ

uonsnquio) *H/X0O7
Wwol4 MOl 18|u| JOH

0.

(Anawoan uonoaluj |eixy) Jauingald yaiy-x 0 40 aimesadwa | sex)

563



oney 4/0 {Ie12AQ

091 ovi 021 00l 08 09 ov 0Z_
[ ——p—— et e A
\\ -4 +0
JLOE=O S OE=A -
o
1°° pn
L0E =0 SMGH=A
SP=0smue9=A 480
LO0E =0 S 09 = A
O O e
A0

a|buy Aeudsg 7ANo0j9 A uondalu) jo 108y 3

564



[BULSIE]N ST AJTULIOJTU[) MO[JINQ) —
syj3ua] uorjezriodep a[qe)dadoy ul symsoy -

uorpa(ug yed 998 [eIXY

SIDUINGalJ UOTIN[I(] WEaIJSUMO(] I0] 9JepIpuB,) 9[qBIA —
S9[JoIJ moIn( 3[qe)dady apraoiJ 03 sjqe[resy [o1juo)) ajeridorddy —
[P\ S9zZIg Jeuangaad pajadxy yojey s, dy aarjejuasaadoy —
£JID0[OA MO[JJ UBIIN —
I9joWR(] JouIngal] —
(£y10019A /021G 101doa(y) dy 10300(u] —
udamiaeg Suryojey seambay —
9ATJI9HH SO ST uongoafuy rerpey

SMUVINHA ONIANTONOD

565



sIouINEaL UOIIN[I(] UWIBdIISUMO(] J0] ajepIpue)) a[qelp A[erjuajod -
uotjoa(u] [y [en( I0 S[3ULS YILM 951 —
Surxry ur pry ue st dejsyoeq -

9100) OLIJOWOTYOI0)S PISSaIaY

uorjeanSijuo)) 1S9 ], JUSWB[ATU) [NJOS[] —
uornjepi[eA [9poJN JOo UOTJBOYLIDA [NJOS[) —
10709(U] JUOWII[ATU() UI paje[nuiIg ag ue) -—

(penurjuod) uorpodfuy 9ye[d 9984 [BIXY

(pPoanuIu09)
SMAVINHA ONIANTONOD

566



