AVRO AIRCRAFT LIMITED

INTER-DEPARTMENT AL LLEMORANDUM

Ref: 3212/04/3

Date: October, 1957

To: lir.J.D.Hoage = Technical Flight Test Co-ordinator
From: J.H.Lucas - Chief of P:rformance Evaluation

Subject: EIGINE TERUST FROM A.tROW 1 FLIGHT TESTS

Attached herewith, please find Appendix II to report 70/PERF/1
on Measurement of Engine Thrust from Arrow 1 Flight Tests. This appendix
deals with adeauacy of availalle instrumentation, applicable formulae

and test bed calibration rcsults.

' ‘Z?rf - "*’/

J.H.Lucas
Chief of Performance Evaluation

c.c Messrs:
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1) SILARY |

This appendix to rupart 73/Perf/l suamarizes a th.ust zeas iresent |

| tech=igue to be used during Arrow I flisht tests. Use is nede of availsble
instrusentation onlyjtherefore acequacy of instrutentation is discussed,

Apulicable formulac are given, to be used in conjusction with report

71/Perf/2 on Programninz for Performance Data from Arrow I Flight Tests.

ngine teat bted calibration runa are also contained herein from which
the followlng informatiocn is extracted for ¥ J 75 P - 3 Englnes No,610034
(port), No.610029 (stbd}, No.610326 (spare) and .o, 612027 (spare) |
for Arrow I Alrcraft io,l |
dilitary thrust rating = 15,530 lbs. static ses level standard thrust
{ with correspoaaing H,P. Comp, R.P.M's of 2630, 3690, 869C & 2715 respectively
|I Each of these rpms ars incresses between 10 and 35 rpm to obtain ti, Data
Plste speeds of 98,80, 99.55, 77,72 and 99.72% respsctively based on
8750 as 13%% rpa. (see note 1). _
#verage i.P.Comp, R.P.M. at military thrust = 0.768 3, for exicting engines
Aversge "Aerodynamic " nozzle area = 510 (* 2) sg.inches [A/R off) |
923, 921, 947 and 917 3q. linches (A/B on).
Thesa aercuynamic nozzle arcss should be used in conjunction with the

| gross thrust coefficlent curves of report 71/Perf/2 Charts III and IV to .
uetermine effective no zle area,

]
I Resulta of Pratt and thitney Alrcraft un-ir ani Final Acceptance
|

S0TE:- 1) Pratt and %hitsoey Aircraft have statec that 190% iy AP, =
l 3732 ané 1271 N} R,F.., = 6774 and therefore the above percent data plate
speads should be revised accordisgly, i.e, increase percentage by 9.20% |

e
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| 23 ADEQUACY OF INSTAUSZ.TATIvN FOR TEAUST SESUL.LEST i

‘ A 1list of available instrumentetion which cun be used foo thirust
measurement during Arrow 1 flight test= is given under report 71,F9=F/2
{sheets 2 & 3). Complete engine instrumentstion is net availuble and
therefore certaln estimations, based on minulacturer's fipures for basiso
engine performance (Charts 3 & 4 Report 71/FP¥RF/2) &nd sn Avro Nobel Test
results and s NACA method for sjector performance (Charts 6 & 7 Rejort
71/PER¥/2) must be used to complete the calculstions. In aidition to using |
the above manufacturer's data for basic engire performance, their data must

also be used to derive T'inal nnzzle tot=] pressure Pyp, and total temper-ture
Tyo: from measured Lusntities at the cngine Inlet and swrbizne outlet, Tor

uSe in obtaining inst:lled groas thrust (with eiector) values.

Frimary engine gross thrust determinpation depends on turbin outlet '
total pressure, P, measuremeal ahich is sdequately messured by manifolded |
rake measurements. FPrimary engine momentum drag depends on Compressor i
izlet F5 (total pressure] and pp (static pressure) nmeasurements; the former
being adeyuately measured by 2 or J representative probes (after rake
calibration while the latiar {s measured by a single wall stntic ven?
mounted on the inboard side on the centre line of the inlet duct approx. I
6 feet upstream of ihe L.F, compressor face, This atatic vent pressure |
measurement is primarily used for structural losdine investigations and can |
te ueed to represent static pressure at the enzine face for momentum drag
consideratjon since relative area : should be the same {after allowins Tor |
aft diffuaing and aose bullet). Fowever, spyrox. 3% total air weight flow
is extracted to the overboaid cooler just upstream of the compressor face |
and therefore the static pressure measursement should be increased approx. |
1% to be more representative of the pressure at the compresacr face. (Ses
tatle 1)

Determinmation of installed gross thrust [with ejector) reguires the

measurement of air weizht flow snd totsl tempersture at the b'-pass exit.

For this, measurements of p_, Tp and Fy are obtained by various means.

i.e. Static pressure, rRp, 18 measured pear the by-pass exit relstive tso

ambient statlic pressure, Py- ibsnlute Py can therefore be readily obtained |

by adding p; to (pB - p,). lotal by-pass temperature, Ty, 18 measured

upstream of py 8nd assuﬂiaﬂ equal to Ty near exit. l[otal pressure, P,, is

measured rurtgsr upatream (approx. mig jet pipe} but is sctunlly = s?atic [

presaure measurement. Since the by pass arem is large at this station s

relatively low msan Mach pumber of .31 will be assumed such that measured |

mid jet pipe p /= Pp/1.07. Measuremente of Pg & p_ are nmade by single ‘

protes while Tp 1s measured on two protee, one abovl and one below the Jet

pipe. Disadventages of single or dual probe measurements compered to rake [

measurements for average readings are well known and therefore caremust be

exercised in interpreting the results. (see table 2) By-pass measurements ‘
|
i

f are only made on the port engine and identicel readings will be sssumed for

| the starboard side. Programing for performance data from Arrow 1 flight teste
according to report 71/PERF/2 is therefore valid only for sy metrical power

l condit fons,

|
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Seometiric sreas must be messured at the reference statizns (by-pass
exit and engine face iplet) and then corrected to an effective area
| using an estimated coefficient for use in sppropriate air weight {low
formulse. Air weight Tiows will be obtained as an ouiput from IBE 704
| computations as well as final aey tirust. If these air weight Tlows do
not reasonibly agree with estimates (due to insdequate instrumentition)
| the area coefficiznts or pressure medasurement coefficients csn be adiusted
suchl ti#at 8 good measure of thrust is obtaipable which sShould be consistent
for all flights usins the s2pe instrumentaticn. A prelimirary estirats of |
‘ area coefficients is .97 and .93 for engne face and by-piss exit respect- :
ively. Frobshle iolerance on these area coefficientis is approximmtely |
| 025, i

[ In oconelusian, it 15 stated that a reasonable or consistent measure ‘

et thrust is8 ezpected from available Instrumentstion. OJome deterioration

fn thrust messurement accuracy is expected ot the lower engine “owers at

high sltitude {low ambient eteiic rressure) due to inadequate instrumentstion, |
‘ Use cf two or three resge pressul'e me2surement instrumentstion =t the i

engine face and at the turbin: cutlet would improve owerall maccurscy.

‘ J
\ .

CoRM Misa
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ﬁm:l)'snpslzvznpgXlzx”z!qxg‘tzn |
Rt2

- Y‘ x p2 ‘2 My
Rty l
Y-1 «236

where "static tp" < "total Tp"/ ps |\ ¥ e« Ty [py I
P2 P2, ‘

2) mpg V =« WpxV where V o free stream velocity
-

3 M . p‘% 2| x _2_ - 5o/ S
N R o
For 1% error in pressure measurezent at engine face
My » .5 tolerance = * ,015 = *+ 3.7%%
My « .4 tolerance = * ,019 w« * 4.75%
My = ,3 tolerance = * ,025 - * 2.3%
Hence if P; weasurement is in error by * 1% then T, will be error
* .43 and ¥ asd mpywill be in error 2 LS et My = LS l
Y439k at My = L4 ‘
2 3ugatM, = .3
If p2 measureaent is in error by 1% the effect on Wy and B, x Vowill
be similar to that for P, but with the absolute value of the error |

reduced by £,
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EFFECT OF I1..STAUMEZTALION ACCURACY ON DETERMI AT ION OF

AIR VWEIGHT FLOW AT BY-PASC EXIT

HOTE: = l) WE = pB
= rig_ Pg Ap
Rty -
2
2) Mp© = | [Pg
Py

Ag Vg = pB
Rty
Mg
y-1
SRt e 2
y-1

x Ap x Mg x| ¥ g RtB

5:0 PE .286 5l
Py

For 1% error in pressure measurement

i = 1.) tolerance = * (009 - % 0.9%
4 = 0,8 tolerance = * .010 = * 1.25%
M = J.6 tolerance = * 213 = * 2,2%
Hence if Pp measurement is in error by * 1%
Then W will be in error * L.Oézgt Mg = 1.2
2 1.39at My = 0,3
o 3.3"[&’0 Mg = 0.6

Ir ;g measuresent is in error uy 1% the effect on g will be similar
to that for Py Lut with the alsolute value of the error reuuced by 1%,
Any error in Ty measurement causes an error ia Wp whichis inversely

proportional to qT .

3)  THRUST MEASUREMENT TECH.IQUE
The following symbols are used in the Jerivation of ensuing
formulas:-
capital T = total temperature °K
capital P = total pressure
small p = static pressure
F = installed engine thrust (with extrgctor)
X = basicor primary engine thrust

RM 13194
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To determine primary net thrust, momentum drag to the engine proper must 1

Primary engine gross thrust is derived from turbine discharge total pressure
measurement as follows:-

Ig = 1,255 Py - 1 Cg x Ajg p for El = 1.852 (1)
P P
.248
Xg = 8.96 ( Py ) -1 | Cgx Ay p for Py < 1.852 (2)
P P

for Y = 1.33 and p = ambient static pressurs &

Effect of ¥= 1.33 down to approx. 1,30 for afterburner operation has
negligible effect on the above formulas, (See also P,W,A, Curve No, Inst.
16624).,

)
\

68 sq.ft. = 530 sq.inches (cold and relaxed) A/B off

Nominal Ajp = 3.
= 6,398 sq.ft, = 921 sq.inches (est, operating) A/B on

However Ajg values, based on P.W.A. engine test bed calibration runs

on enginesfor A/C No. 1 = 510(% 2)sq.inches &/B off
= 9237+ 19\eq.inches A/B on
- 11

c8 = gross thrust coefficient from P.7.A. curve no inst, 27214 and 18151,

To cover engine idling cases at low altitude curve 27214 for A/B

off must be extended downward to P7/ X 1 where Cg will then be approximate]
P

.80 based on data from log book of engines 610026 and 617727 (See charts

III and IV of report 71/PEKF/2).

subtracted from Xg to obtain Xy. Total and static pressure are mesasured at or
near the engine face and therefore momentum drag is determined from the
formulae: -

¥-1

A1 el
mg’ = Ay p2 (yzﬁ I‘ 92) v -1} x [1 - (Pg\ b ] = Wgxx65.8\T,
5 P2 R

i

£
where A; = geomstric area L engine face corrected by an area coefricient

— — REPORT No 'IO/PEK{F/I APP.II
m AVRO AIRCRAFT L[IMITED 6
MALTON ONTARIO SHEET NoO
TECHNICAL DEPARTMENT
AR PREPARED BY DATE
R. Waechter Oct. 1957
ARROW 1 ENGINE PEHEFORMANCE AT T
subcript G = gross

n N = net
n 1 = station 1, free stream
" 2. n 2, engine face
n 7 = " 7, turbine outlet
n 10 = n 10, final nozzle (primary)
" B = g 12, in by-pass

ol |
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The next stage in thrust measurement consistsof determining net
thrust of the complete engine installation including intake duct and
ejector,

Total gross thrust, Fg ’is determined from the ratios F; for A/B off

=
iG
* Fg for A/B on, where Xg is the primary gross thrust as prexfiously
Xa

determined and xiG is an ideal primary gross thrust.

Ideal primary sross thrust assumes isentrcpic expansion to ambient
pressure behind the final nozzle and is determinec as follows

X = mg \F_“z}‘i_o [1(-9—)-‘71—]

Y1 F1o

|
Now for the momentum gross thrust (V) in the final nozzle, ambient p in
the above formula is substituted by figlgl nozzle pyg, and for

choked flow Elg 5 185211 Ml-’) = 1 and P1o =( 2 )‘-, .
09

P Y+l

| " = 1- = -
e | e »
| (a¥)10 2 |
X# 1 ;
for Y = 1.33

Now equation (1) can be rsarranged such that

255019 3

Xg - P
\Y
‘ (m )10 <114 Pla
P
1.90 P 1- (P \ 23
Hence X;. ) (Plo) ('3)
= = P See Chart V
G Report 71/Perf/2
| 1.255 P :

1 P
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This equation i3 used for 4/B off only, for which it can be sssumed that

P a 99 PT {where P, is measured).

10 ‘
The ratios FG FG
o and T are obtained from sxperimental data
i G
i ‘

i.e. for A/B off, a NACA solution is used (Chart VI of 71/Perf/2) _
and for A/B on, Avro ‘obel Test results sre used (Chart VII of 7i/Perf/2) ‘

To deteraine Fe il F

valuesof Plﬂ and } must be kaown, ‘

_.111_2. must be derives from measurzu ?...L s which for A/B off
P | 4

= .99 PI {as above) while for A/B on, 112 is derived as follows:=-
P P
According to J T 4A Engine Installation Handbook
PIO = 92,1297 XG + 0.8 P for MB on, a:d if &13 L 6:393 sa,.ft,., ¢
then KG = 1.250 Plo - 1 l

—

It is therefore evident that a nozsle coefficient, based on P1y , of ’
.65 wss used, P

Now G, (Chart IV Report 71/Perf/2) is based on Py ; and the difference ‘
P
|

|
. between C, and .365 is assumed to account for the pressure loss from P, to
[ P10

S Tr o iamsD P1 (based on P, ) 1
| C‘; Ao p p
i
N and X. L. 1 = k250 Py, (based on P,5 ) ‘
365 A1 P p
‘ Sclving these two equations Plo c F c 0.8 ==-(4)

PRS- (e i s B
| p 965 4 b 1.206

Sl TV A
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For svaluation of A which squals Wp TR the following assumptions
W T
10 10
are made;
a), Wg {lba/sec) and TR {®K) are air weight flow and totdl tempersturs
‘ as measured in the by-pass neer the final nozzle,
! Y= e
¥ x o8'B Vg 2¥ {1 -Pﬁ\/ijﬂ- Parn \F 2261 | ()
’ WEPB% d-1 PB! J i B ?3.96713 (
B p_\ B
| B |
ror¥= 1.4, R 596,02
L] W.. = air welight flow through the primary nozezle,which for the A/B
0%9 case is assumed = sugine inlet Wy and for the A/B on case is
assumed z Wy + SA/B (A/B fuel flow,lbs/hr) i.e. engine fuel flow
3600
{approx 2.5% of Wg) is Aassumed to offset airbleed & leakage
| = e Ve | 7h -[p2)®% =1 R = 96.32 )
! "iE-T-Z_l 22 .286 Py torf= 1.4 , R a 96. (&)
| 2
! B) Tig = Ty (%K) for A/B off and \Tm (9K} = 745 XAG
I Wy + QA/B x
‘ 2600
KG) +0.8
°-°009(p; for A/B on (p in psi) (7)
‘ ,00219{_6)- .02
P

FlME TS

it

Formuia {7) iIs obtained by combining two equatiorns from J.T..4 Engine
Instellation Handbook and letting W = Wg + S AJB
3600

e
i.e. Combine Tygq =[ XG/{"IG - for ‘I‘lo in oﬂ?with o x
[2.435 ~ 1497 p
Pio

0.1297 X5 + 0.8 p for p in psf.
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To darive installed net thrust (excluding external pressure drag around |

ejector), momentum drag and spillage drag must be subtracted from install
gross thrust,

i.80 ig s Fg = my - Dg

Momentum drag, my; is determined by maes flow measurements at the engine
face, to which is added the mass flow as measured in the W-pass near the
\ exit and then multiplied by airplane velocity. ‘

'- toe.my o (Fge Wg) M x 65.8\T,
| 32.2 ‘

1 where Wg i8 obtained from equation (6) . ‘
‘ Wp is obtained from equation (5).

l M = true Mach number

‘ To= true ambient air temperature °K \

‘ It should be noted that

1, Wp is airflow that enters through the by~-pass doors and/or through the

\ blow in doors, It is assumed that air entering the blow in doors (at low }
Mach number, low altitude) is extracted from the free stream at free stream

‘ velocitys

2, Airflow through the inlet duct to the overboard oil cooler is

{ neglected since this airflow is less than 3% of total air flow, and
approximetely 50% of the momentum drag of the oil cooler air flow,is |

‘ regained as thrust at the overboard cooler exit. The effect therefore {
is less than 1i% on total momentum drag and less than .75% on net thrust., l

Intake spillage drag is not directly measureable, erxcept by suitable j
flight tests such as accelerated levels at various engine settings, and

hence wind tunnel data will be used. This data may change as the tests ‘
progress. Intake spillage drag data is presented as curves of ¢ CDS and
Py,

o ()

versus M ( see chart VIII & IX Report 71/PERF/2 Issue 2\

where Cps = spillage drag coefficient = Dg = 2 Cpg my - mf
¥ M2 S )_-mi o iy
- (15)
\ S = area =« ,(0.98 8q.ft.
p = ambient static pressure |
l M = Mach number
my = actual inlet air weight flow
= air flow to engine, Wz, as measured
! + air flow in by-pass,iig,” as measured
ro i air flow to overboard cooler, Wc,(assume mean value = 5 14/sec.)
my = inlet air weight flow corresponding to choked conditions &t the
‘ throat
Mo = nominal or capture air weight flow l

|

ORM 17194



ﬂ)/P’iRP/l App. II

5 - REPORT NoO
mA AVRO AIRCRIAFT (IUITED

MALTON ONTARIO SHEET No X1

TECHNICAL DEPARTMENT
T — 3 PREPARED BY DATE
AIRCRAFT
ARROW 1 ! SNGINE PERFORMANCE R. Waachter Oct. 1957
[ CHECKED 8Y | DATE

f +

) 8 I S W Y | Lae

ORM 13194

Adding Wg and Wg to Wg to obtain mj is not valid when the by-pass doors are
closed. This only occurs at low altituda, low Mach number and therefore 1is
unimportant for spillaga drag considerations,

|
|
Now affectiva inlet throat araa = .97 X 5.6 = 5.43 sq.ft. .
and captura area = 10.18 sg.ft.

|

Hance:-

= pAV = x 10,18 x 65.8 M\To = 6.97 pM  for p in psf |
RTO o

and To (amb. static temp.) in oy

x
" 4y Gal = Po
my = (}DAv)throat = (ﬁ%“)th X 5.43 65.8 (M{E')th.where t = atatic teﬁp

}
1.962 Pyy for My = 1, Py, = 1.894 pyy & R w 96.02
tth

1.962 P; [Py,
Tty 29 |
Now To (1 + .24°) = ty, (1+ °?—“2)th = 1.2 tyy ’
% 2.3
Hemce m{ = 1.962 P [Py, x|/1:2 T = 2308 (1 +.2M%) Pty
Mo 6.97 o (Pig) (1+.2M2)T, —~% — In

Therefore, apillaga drag can be avaluatad knowing W., WB, P, M, To and uaing
charts VIII & IX of Raport 71/PERF/2 Isaue 2.

Installed nat thrust can then be comparad to primery net thrust as |
daterminad pravioualy, in order to verify installation offects. Tha lattar |
thrust is also useful for comparison to engina brochure curves ( aftar
correcting for ambient temparature to standard, intake prassura racovory
power extraction and air blaed) and should be mora relisble since it will
have been baased on P,W.A. approved thruat coafficianta and turbine outlat
and engine face total presaura massurements but with the axception of
unapprovad static pressure maasuremant-at the engine faca,




— -
m ey uﬂfan} FINITED

meromr o TO/PER/Y  APP.IX

1
wALTOwWN SHEET Mo “2
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| C Ho. 1 ' - LSS LS R e ——
| = —L
|
|
Bngine:= 610034 (port) :
Power F Ny ) T.5.F.C. Tr. Py ily Dats Plate
N 1 T'!?r ugzmeu .; e f)')*
i 2 2P
| |
| wsilitary 15,500 9630 6630 92 1757 2253 Cul5 at 9. 4%
Normal 13,730 4380 6250 .159 941 o 23
75k Worz, 12,30 730  §550 126 2 1.9 |
[ |
| Engine:= £17229 (athbd,) |
! ¥ilitary 15,500 3637 642 197 1773 2.51 1O at 99.55%
' HNorasl 13,780 3450 6230 <751 9¢0 2.3
: 75% tor=. 10,300 3320 5620 .123 337 1.92
| .
|  fngine:- 610226 (spare) :
| ¥ilitary 15,500 393 0672 33 1063 2,43 3125 at 99.72% |
Normal 13,720 8445 6319 169 9:0 2,33 !
‘ 154 dorm, 10,300 7955 4580 .33 790 2,01
‘ Eagine:- 61002 (spare) :
| military 15,530 371s 6715 .326 1065 2.51 3125 at 39.:25'
| Normsl 13,730 8450 6335 <715 305 2.35 '
| 75% lorm. 12,300 17915 5560 <731 815 2,02

e R L)

Ave

rage Military Ny = .7c2 Np

Note:- Percentage (N,) R.P...'s based on 3750 as 190%

|
|
|
|
|
|
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AFTERBURNER PERFORMANCE

YJ 75 P - 3 E GINE® FOR ARROW 1 A/C No, 1

(P.%.A. RUN IN AD FINAL ACCEPTAICE E.GINE 'EST BED CALIBRATIONS)

Engine:~ 612234 (port)

Power Corr. Fy Obs. N5 H.SLE.Co BIAS.T.S.F.C. Ty, (°F)
Wil.von A/B 16,3849 3600 e - 32
Afterburner 24,520 3610 L5933 1L.945 32

Engine:- 610029 (stbd)

wil.ion A/B 16,639 519 +20 - 33
Afterburner 25,220 ~6G5 1.92 1.93 32

-ngine:~ 612026 (spare)

Mil,Non 4/B 17,030 5670 o324 - 32
Afterburner 26,030 3035 1.720 1.915 31
Engine:- 610)27(spare)

Mil. tion A/B 16,675 3720 40

|
|
Afterburner 24,150 3695 1294 16528 40 [
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| b ey g REPGRT Wiz
m TLRG AIRERVET Lr3fIFD |

MELTUN CLTARD = . 14
| SHEET ho
, TECHNICAL DEPARTMENT -~ — =
AIRCWAFT e — = B EREPARED By DATE
| ' | R. Waecht _h{—_t._‘f___“
ARROW 1 | EvINE PERFOHMANGE e = ”9;513'____
|

t, e e St N

DETEMINATTON OF " AERCIY JAMIC™ NOZZLE AREA

||
|
E ¥ J75 P - 3 ENGINES FOR_ARROF 1 A/8 No, 1
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|

P,W.A, RUN IN &RU FINAL ACCEFidA CE TEST BED SALIEIATICUS

Assumptions 1) % = 1,255 PI -1

] 8 10 P p |
| or A =
|i 10 G‘/(cg % p)
3 1,255 PT - 1
|
1 p
2) Py = Pl e Xo = Fy |
p Pz P 14,7 Bj‘z

! 3) At same [ip ol A/B on = P7/p A/B off
Ps 2
£) Cg from 1L/PERF/2 Chart IIT A/B off
Chart W A/B oa |

5) P,¥,A, Final Accsptance Tast Bed Calibrationa
haye been corrected to standard sea level conditions ‘

licte:- 1) Hominal 4~ for ¥ J75 P - 1, 3 and 11 engines

= 530 sq.in. (A/B off) l
= 921 sq.in, {A/B on ) |

2) Alg valuss are calculated at sctusl test points

o (3



FORM 13194

A rerorT no _ TO/PERF/1 APP, II
m_ AVRO AIRCRAFT [IMITED 15
MALTON ONTARIO SHEET NoO
TECHNICAL DEPARTMENT ]

ARCRART PREPARED BY DATE
ARROW 1 ENCINE PERFCIMANCE Hgaes Sete Laol
A/C No. 1 CHECKED BY DATE

Engine | Fy 14.7%] P, | Xg PG g TILT R, Al A,
1 Ty P2 ; Fﬁ : chloz2’ A15P; onl (aven.)
610026 ' 9,860 1 1,950 ¢ L.445 :.910 1,317 7490 509
(spare) ;12,150 {2,131 1,737 .937 1.628 1400 508
{12,180 2.150 { 1,700 .935 1,591 7650 521 o
12,299 2,400 4 2,019 1.959 1.929 7460 501 512
15,200 2,470 12,190 .963 2.022 7510 511
116,572 2,600 ;2,260 .973  2.201 7520 512
W k) 2.640 1 2,310 1,976 2.258 7520 516
i \
610027 : \
(spare) {10,390 1.988 ' 1.495 (.903 1.351 7690 523
12,420 2,220 11.785 :.940 1,678 7409 | 503
12,610 2,230 51.800 .942 1,697 7430 i 505 v
1,310 2,430 12,050 1,969 ;1.979 7520 512 | 509
15,210 2,480 [ 2,110 1,966 2,040 7450 507
116,630 2,630 12,300 |.,974 i2.241 7420 . 505
}16,190 2.639/12,310 .975 12,255 1445 ;507
610029 {12,500 2:0365 15530 B 91 38 R (308 7500 510
(stbd) {11,730 2,120 {1,660 :.930 1.54 7599 516
12,670 2,235 | 1.805 .943 1,702 7430 506 o
14,800 2,441 12,063  ,962 1,987 1440 506 | 508
14,800 2,441 12,063 ,962 1,987 1440 506
16,650 2,630 12,300 :,974 2.241 1420 505
16,659 2,630 32.300 974 12,241 1420 505
610034 | 9,540 1,910 %1.395 .905  1.263 7550 513
(port) {11,330 2,150 {1.700 .935 1.590 1450 507
11,830 2,150 11,700 1.935 ' 1,590 7459 - 507 o
14,110 2,370 11.975 1,956 1.899 7460 508 | 578 |
115,000 2.450 12,075 .963  1.99 7500 . 510
16,510 2.616812.280 L Qe /8 D 501 1430 " 506
16,880 2.639 ;2.310 975 ~2.254 1430 . 509
610026 [26,000 A/B On | 2,635 12,305 .809 1.86] 13920  947)|g32°"
612027 (25,150 " M 2.634 i2.305 [.309 1.867 13480 917 ;
610029 {25,220 n n 2,630 [2,300 {,309 1.862 13540 9217 | 924 "
6100341125,529" LN 2,639 {2.310 {.309 1.871 13630 i 928}
i |




-

4
-
S |
EEEE

¥
-

e i

Sas

+ -
A
RE

e

T
-

T
14
B s

ooy

B e

|6

ol oy -IW“-——---

T

S

-

1.
11+
:

-

i

2 Ry
EE

R o

44

4
-~
R

L

e

D
-
. |

o
+
19

.
|

1 1 1
: H t 2in e a S end LT uuL I
] | i 5 et T Hd :
.+~.w. MH. Ty nlf.T .Huu.lﬁHl mh._. H&..r.r. n.rm va”..mn
T mfﬂ RaRE SuRaztnzns huna ey - . Shena.
MEBERENRSRERE 14‘.»”.1...“1 CECE T : | 8! =dae A g u- ¢
e Cneanaat anget § 95590 S2hd pauad &t nm HH Sxas) SEsdssIses a <
e .441. e Tw. ”H.M.M.i 1Y I___ 1 .‘. B IMH..“ ___ .u
gaaulsann innan adgg ssnghanage L3euanady <hds Hrt e%x ur
T A% 4P Bl okt 90 S KR e o = B e 1 LT
auERauda -+ 42 r3ad JASRd aa sz, o H AT - @ mw
i . 4 L i + .Aﬂ
e T et - 4 trf .uld_r T._J.I._.m‘nl .m ‘.w“ { mr.lw.m% ..4.% Il ..lh 3 ﬂH”“
Iy T ¢ : e L3 8ua sa s +H . e
i s8 sRaTy 2 g AgRun Hrr AMH..%rﬂg T - e
It 1 REUR ; 1] Il TTEE 2 [ e -t - ¥
T §iimsd fiseaiiand st tiptantanng At A TR i St e F
s L bt b B 1 h +_._ i 1 3 T - w« EESRREEURS 1 ¢ [Tty ad B !
PR TR Ravs bhet Saniaasd i sanae iy Y5y 5 s el 28 R00S 8 1 wean
s LR . . Lo b y'. K k A M M =t § : . : ‘ -
] SR ! ;. _._!_ L_._L TTWW,._; m‘h._- gepse t T Jllr,l ,ﬁr m :%wu
+ - 4 . —t— - R =1 =1 =+ - S
sfad anted shasd i i uanasenel sans; T R H T s uwey
i ﬂqa. . ..Hg “—..r “.; -T“ ik 5 [ o..mtm,.l ..wl 1 i -‘—..
i 'S |~.| .Mn. : — gt _..lu‘ i JH T-Aihﬂ.
pil B 5 6 o2 .H;. ..ﬂ.ﬂ._ 1= jan H
- __c e . : Tt I . a g
= ER m%,_.fb,r MJ.E Mh..:_..‘q ﬁ *..l _.,._.._. W..H r HYM"%
iy 193 famet 41 haus) fratt o ezt 333333
s §ova fka L_w,x: g o4 ol ua il g mr%rﬁ
I . e - .o... ||.-mn.o¢.r. W“ - 1 -+ 4 1 = ]
B33 Tisd et e ot bt EEpi=: b s
.<.ﬁf. +- $ -4 4 - i~ g+t ’ v i u.._ —_‘
,+J..v._ol_ u..uh;o 9% Y 8 1_14.. A r__..?.‘_ﬂ_ - ¥ et el B e o
.-.“r.:J h.W.T J.._J.;.H.s_.,.t. 1..ﬂ h..__. =t b t AR ge apas 1 +
B e i _.._.: S TH e it mz%. U
T 828 EmpERE TR pyaLs DS o o Rewa 5B 5 48R
< HT T m ] .w,r. FrEEtE E 1 T
114 . _——_— i i i g L et o 3.1
P - J-.JJTI rﬁl astaina: Jane: {8 1y 13 ﬁ.ﬁitrw 1& thr.ﬁ
: LU i.ﬁ;.rm.m. o oy B LTI reanasuene va ! PSS TRe FE au uYs Gneas " :
:HJ._ ___J.,._TMT.. L0 .Qm—.ﬁwrﬁw: r.._.r_...+. .:. _r.xt m._r " __.,H.Idl,. gy .:v.._f_. & 1r..
.4_. - .Mr it tres BEEN H e L I 7 3 Ld as
HE R L 5t re o8 Sas2 ! ; 5T siitaiar: %
= go SR aEd o pinas i 336 S ihs pReks s ebd 3387 3he 3
‘ by o . TTHT - 13 - ...w.. i
- e * xid *ﬁl.l = .4. L -
e " i.m__ Ll t m.le‘mv)H“ } 1Hw-a_'.l.-.mﬂn.. . _..HH““ Hli -
v o BE g s bk ssun cannypdEddsrane Boddae kg
e s S
" " R EEE = e e = - |
PR S i + - ._ + 4y vyl § e e
i o dBRRS Aaan TUERT, sah
i e bt e Baf BERY 4 FE030 Koy s nth
2 a3 ! ...W..;:._..: s %_:M 8 g ille .TT?
P 1 44 . 1 P -+ *%— o b -.I_J._
» : TEE Y BPAVE B P e Ga 8@ . Basww 8 ¥ 1
ol o Seas ? b -TE R B T Trerd
t 0 ot . 1 I Y N g B34 -. + _I ¢ w 1 vb._ | SRR I & Syis b pam |
3 _ - &S Ball S wrms bulls 325 54 bona s Sablia sba § soaty v bAsHuL]
: R BRI fead sagas cREkd ELAT L peb b e B e PR
- b AJL.ﬂ_n 6 wd § 0.8 in bl 8 REES AFRa0 s odon suu be SRIUR ESSAE _x.L.tHw,»_:.ﬁP HH
o 7= ngann vpaas HIF e Pk R pEpRe JPRRS sruRE EuE
T; ~.1. 3 B ! i L e }iTT
IRRRas ] +-LL+_. - _ it sl rwr v Mg B ._,.w.ﬁ ﬁ.:..I _1«1*“ JHﬁ. fas .r._._“ .w.ﬁT....— ]
pon HHH T S A B S s I s 288 1RRSTISERS SERTR EOLS
s THEC T T SR EN3S: SRRV R Seual Pauen 2HYS2 dadin I0M L pRans samus au
ot IS ERN *+ A_ﬂ.w,.d l._-.__. TR it *__f __|+ W«_—.._ B 3 M;.._l-.l_ {‘_,wn.r..- 4
- H-t - b - 4 u_. —tr s v .h.. SESs 4 - Fnd . Tmr . i
s ..t.uv .W .Hl"ﬂd v | J...J:Lll!r Lr4 WRa g o ;7 “11 ._ 1|v m.
T it Pl piat stanatans
11 (wa ks eiew " a W beerh o A :
™ ! —
4 - 4 e ] S PR L DR ow 21
bk SO RS g 1...1.; s%
s i R & EBAS Ly nE 1]
54000y nioeRdSRns FEHd Yahes
e rondf b . T
49 ~1“__ 4 .ml..J__..n 1 o Gk r
ghas SEEEna st ot pass!

4L

2 £ Sl W N
8 o iy
| ] 1
b 4 st Ea &
*.H‘_,Mn .n ’ -4 1
s e ! i
P o M ) EERY R
+ . . . i } [ | g
S
1k 344 - i€ St BB o
- e gl ‘
g2 co N SRR - :
g g ¢ *TEEY SadR et d saune cWba Suny ]
.L-Irﬂ - 53 s :
BEaan by dhy tus ARASE AT TN faui:
+ ,*. =y ¥ .T.T _M. - -
4 ....Ha 14 ¢ 1 |

8 8 gt kg m!.—

ﬁ.rr..fw. o 305 5 8

_... ] = ; -

E 4-
|.w.‘l.<
T
:U_.ﬁ;
“m_;
)

- -

T
-

N N N

FREES An

i i

-

e
L
N1 b

gl

l_-_H'
i

i
P RAE
I-!
—_—

+ . ; .
1 M W e
’ betd s s 4 p-
p: ngng | 4 2% HAPRE
_ML. ol i wel A ﬂ: Hoirr
. | % L . ; +- 4 Px;.“ ol +- b4 i
— -t .4 - TS A - it N o o -
o i 1 T
i - = o BRLRL IS & —y B S AE BN
#EGiRN, R Tl .
tHR HH T I ERERE =R A &5 10 5 AENS FRR N try
" TLL .le.r H i 3 i _ e
it REE B 3 _ El
1 H AT HEA 1 m ot
Eufannumm 13 R i 2 B
ST S
B aoved sbmms . v
Iml ek - ..l
e tLl_l..‘.A.. vlm.ﬁm IE ,
- & I WS L T BF iy 1
g veaki 1 b | 5 R
.m g ._: = 1‘*, 1 5 t
9508 & an%: __
it a3aals shoannay 1t T
P A I 13 L 147 3
i 8 1
£t psdass F : 2
e 4 I_.4+ L .m Lt ﬂ.ﬂ.m. n. H 1+
4 b 43bs - H g ‘ = = | i B
t .". : = ill - 4 m .___ ““FWIL - . I.H
»> L 4 - - 4 4nu
H L " » L ...._u.Tw..fm.. i Jl_...m
St o B o o o it 1 __m..IL. .M_r .t - ﬁq.ﬁ
- . ——
p T T T . 9%
L] " FER H: i, 2 - . s 0 Sy : '“.+.
T 4 = W 411 4 { tred H .n - HH.W ¢ o
4% BB EREE: Suan aias i A neac: ﬁr.,mr R s R R
* -+ E ELid B —-ttg 4 ae P g K AR TN
FEERT I Gl ] ; gHzERNTY L e 1 A P
.l 1|..MIL by - Aml..mk..”._ & o f”_. IH} WL T_._luh_u.nm L ‘@ Li .H.l.“
G o o s e +144 4= 5 6% 1 B W 0 BHOT ¥ el audus asund s ok
: S e -4 a - B HEE S 1 . R R
AWB & 3 3 S hamn S a s mf na 1
..|!. L L { 8 B e B 1 T Fd 4 -
TM T M.H.ru._rwl ,W.u % T W ) + M.ﬂ ;_..nLl
=Lk BAE A ! B ww . s
HlP i e i i
- — -1 E b e -+ an 4
_d;mwn“iu ” - lﬁ[]]-.a. WH.IL.A 5 Sy ! I .n._ .fwlﬁl_lv< - M e
— 44 - m H NN e i - b Fah
s n e gabssane §38gRaRaonify pRa s A
B L THipqet Hr P
Py by A i s
PR R hxa il wREN amis . flasl ot ns $
L s HER ' K SReE P DR NS En -
44 "R ! ] bt i ..M bal
5 a8 T - -1 SH Rk
v+ ﬂ 4 +4 L ._HL B, : T-.T.v.n ' M 14+
= 34 Sl 4 L 4 T + L Tﬁn.v. o ! A
=4+ : -Hdﬂ 44 §+— 4*1.. - TWH : *!LI- iy I : m-_ : .M M!.Mu.lrﬂl
13 8 | T (e L PP ST B 1 b ) & B4 Ly
H = r.“Hn:nW L LPL. iades 06 i ¥ & B et ERE b S
H 4 e mhux_ .r - ,nqm:.. . . I - m‘.anﬂH.“
- ' PREB T =
1 : Hrti ,.nﬂ_. 1__t 111
[ o 3 - Y 4 - - - E
W 1 ERSEN u,.wT r 1318 *l_. 117
- L _ 4 T |
anas saas BT T sdaynninuia [RERLRTLE: H
T i %G .._m % el J5iino A AR P "X prend
: s + R 85 Bod s ) 4l e ._[
P . - AR M* ".
’ ._l__ 4r_ wne . £y
s s a
M t o 0 o 4
. v.H.._J . yd o f-
Jas o Sy
Aw YITA ) F
Xt 7
7 'y £
FH 5
- T -




R

—y

r..__ F.h.‘_'._._.-_.

|

i

g} s e
=
LY

———
S S

. ; : :
. — ] —— — -l
-~ - .1 - ) >

o aaers (et e

1=t

!
1

i

0

_{'

I.‘

i
e —— e — e — =

=
1

|

— e+ — ) —a

- |y

e o o e
ety

§ - =

| S
t
“1-++f7

. ' -
—|—.—_._1.-.__- b - e e s . 4
= - ' -
L]

™~

|

Lt

|
L
R
¥
!

oo e

. |
S B ey A e e

'iff':

.

e T T,
. ' - .
. '

KU1\ % 1 et e

 §
s

-
-

L

1.0

o
o

r

|
L
e

B
i

l

© MoL0Yy

.-tN-

o4 oot 8 AR

. ""1.9- =

o= =

L]

@

:

il |
'
A

- i
—— e — b —a
] - - y

" ' -

+-

SRS v
”_ 3!

&...m...mv e | s ¢ o






