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ABSTRACT

An i1nteractive ccmputer simulation of marine gas turpine

installatious including intake and exnaust Juctiny for tae
engire ard module cooliny aas beern developed. A one-
dizensional analysis was used in Jdeterminin; the pressure
losses o the ducting. The pressure losses along with the
ambient conditions and desired power setting definLe a unique
operating point for the system. Tae coaputer model predicts
operatingy parameters for this point by an iterative pmatchirny
technigae.
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I. INTRODUCTION

The installation cf gjas turbinhe eunjlnes in a saifp raises
several rprcbklem areas in the design of the intake and
exhaust ducting. The problems relate mainly witn the large
volume of ccmbustion air required and the properties of the
exhaust gases rejected to the atmospaere at Lign teagera-
tures and velocity. For comparison, a boiler's combustion
air reguirement is nearly stoichioaetric but the gyas turpine
operates at about 400 percent of stoicniometric. The toil-
er's exhaust is about 400 degrees F aiter leaving the last
rows of the economizer, btut gas turbine exhaust temperatures
are frequently as high as 950 Jegrees F.

Io addition to the air that passes tarsuga tae jas
tucrine engine there is also a reguirement to verntilate the
eLjirne <hcClosure. An adeguate and uniforamly distritutel
cooiing airflow is reguired arourd the ergine to maintain
engine-aountel comporents at their proper operating tempera-
tures ard tc minimize the heat rejected to the engine rcom
thereky reducing the heat exposure of operating personnel.
Many current designs branch the engine cooling airflow off
the main irntakes and/or join neateld enclosure cocliag air
irto the engine exhaust ducting. Figure 1.1 shows a tyrical
layout of inlet and exhaust ducting. Sirce the enclosure
cooiing airflow is on the order o 20 percent of the
enjine's full power airflow rate, it is ar iamportant part of
the ducting design.

The furdamental reqguirement oI an iataxe lesign is to
provide air to> the engine compressor w#itrL tne miniaua total
pressure loss and witn a micimum of total pressure distor-
tion. The 1loss of total pressure in the intakes leads to a

loss o0f engire power and an increase in speciliic Iuei

10
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Figure 1.1 Typical Shipboard Inlet and Exhaust Ducting.

consumption. Schwieger reports "Iyrical excharje rates are
that a one percent loss ir intake pressure is ejuivalent to
a 2.2 percent loss in power and a 1.2 percent increase in
specific fuel consumption" [Ref. 1]. Aac¢itionally, total
Fressure distortion at the <compressor face can lead to a
risk ¢f comgressor blade failure.

Exhaust ducts must also operate wita a minimum fressure
loss. "The exchanje rate is 1.1 gercent loss in power and
1.1 percent increase in specific fuel consumption for the

cne percent increase in total G[pressure at the power turktine
exit" [Ref. 1],

Cornflicting with the desigm objective to r=duce losses
° in the ductiny system are several possiktle regjuirements to

b m
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install components in the ducting system which contribute to

; - the losses kut not directly to engine perforaance. *ilters
f are installed ¢to increase enhgine Liife. Silencers are
[~ installed to reduce noise. Macainery arrangerents Jdictate
- the use cf certain elibows, <contractions, and transitious.
.i The infared signature of the ship's exhaust plume can be
; reduced by the installation of an eductor system at the
. €exhaust exit, The eductor also i1aproves the environment of

mast mounted equipmert and may contribute to flight safety
;! when operating helicopters. Some systeas use an eductor
} arrangeuent installed at the exhaust plane of the engine to
{ pump cocling air through the engine enclosure. A waste neat
recovery boiler may Le instalied in the exhaust to iaprove

4 overall efifiiciency. 7To reduce pressure losses every attempt
i should be made = to reduce the velocit; in the duct.  Lower
& L . . C .

» velocities regjuires larger ducts. Part of the Jesign

_ compromise must balance the large volume of the ship occu-
‘ pied with inlet and exnaust ducts and the volume for other
;: uses such as weapons ard habitibility. 1In summary there are
many different components that can ope utilized within the
ducting system and have various effects on the systen

g
? performance. The effects also vary with the operating point
4 of the systenm.

[ It 1is not a straight =rforward prorlem to predict hLow
F- components in the ducting system will perform. It is an
»l interacting or matching type of probleu. Furtneraore, it is

a dynamic problem as parameters affecting performance carn
E vary over a wide range. For example, one fpower setting of
the gas turbine requires a different nass flow rate of air
q than ancther. The variable mass fiow ~rate tarough the
ducting system creats a variable inlet and exkaust duct
pressure loss. The variation in exhaust temperature arfects
the losses ia the exhaust duct. Jotizateliy all losses
4 affect the periormance of the gas turbire engine.
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One approach to the analysis of ducting system perform-

ance is to separate the problea into two areas of concern.
The first area should deal with a one-dimensioral analysis
of the ducting system to deteramine now pressure losses
atfect engine performance and now the various components of
the system contribute to the sum totai of these losses. 1The
second area should deal with the distortion of total fres-
sure acrcss any section of the duct. This area becomes a
three-dimensional prcblem where interest is directed to
perfcrmance not just at ary section of the duct but to
within that section to the variation of velocity across tae
cutting plane. The one-dimensional and three-dimensiornal
areas of the analysis are of course reliated.

The relationship between the one-dimensional and the
three-iirensional aspect of the problem is understood and is
dealt with in an empirical manner. Iane method is to apfply a
correcticn factor to the 1loss developed 1in the one-
dinmensional analysis of a particular system component, Lbased
on the distortion of the rlow assuamed to Le presented to tne
component. If the assumptions about flow distcrtion are
made and are accurate much valuable information results from
the one-dimensional analysis.

The three-dimensional analysis of a duct system is
rossikie only for a very simple system and regquires very
large computer assets. It is current practice to deal with
three-dimensional analysis of complex systems through model
stulies. One-dimensicnal analysis on the other hand is well
suited for analysis cr& a computer.

It is the intent of this study to develop the method-
ology for a one-dimensional analysis of a gJas turbine
engine's inlet and exhaust ductiny as migat bte i1nstailed on
a shif. Then to iopiement the method in an interactive
computer program which allows rapid input of the duct geom-
etry, desired operating point and ambient conditions to

13
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obtain an accurate estimate of performance. The desijner
- can then decide to make Cnanges to coaponernts to actieve
design okjectives and make tnose chanjes to the duct Jeom-
etry tarougn an editing routine and rerun the protlem. Cuce

tie designer is satisfied with the one dimersisrnal analvsis
a fira pasis exists to provide a desijn for model studies.
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A. GENEEAL

A one édimensional analysis of the Liow 1n duct sections
utilizes the 3Jernoulli TFTguatior modified to account Zor
losses. Tke tera one-diaensional 15 an adjsctive oiten

The whole flow is considered to
v at
Thus the oLe dimension is the iocation down
to the

airfiow poundary 1layer ané by

applied to flow situations.
ke
Cross section.

one large streanmtube with averagje velocity cach
Losses refers
the

thorcugh understandinyg

the duct. pressure loss caused by

frictional stresses irn
A

concepts is regquired to convey the meaning of the results of

turbulence. of these terms and

the duct system analysis.

B. THE BERNOULLI EQUATION

The Perroulli Eguation is Jiscussed in any basic text on

fiuid mechkarics. It was developed to Jescribe the £flow work

of an ideal incoapressible fluid 1iu steady flow through a
streantute. In words it states that the mechanical energy
per unit @mass along a streamline 1s conserved. The
Berrnculli Zgyuation is:

v2/2g. ¢ p/f’ + (9/9.) z = constant. (egqn 2.1)
It relates velocity, pressure, and potential heigat. The

constant may have a different value for each streamline, but
Yy

for the purposes of duct flow certain simplifying assiap-

tions are wvaiid which aake the <constant valid for any
streamline. The assumptions are that the static pressure is
constant at any point in a <cross section of tze duct. The

15

et L e -t . . -
P P L4 . I T R S L

M --.l" ".-" . . - - ~ - . ~ .
PRV IS Y U NI G IS IR S S TP PP P PP S S P I




b A U A e 08 - A
e BRI 4 S - S MMt A )t e Rant-a s it Jhi ~RE < e ~Siae =ity - S Ny ity Shib st "Rt Siie Jhie ‘T T ACRRC M RO ARG M AR AR R PSS te AN JRARCI .. -
"~

LN

next assumption is that because the system uses gases, the

.
b
L
AR
e
-
Sk

eifect of variation in potential Leijht at a duct section is
so small relative to the other teras that its effect is
neglected. This assumption is extenied further to include
the change in elevation effect at any section relative to
any cotacer section.

Alternate forms of the Bernoulli Equation are optaired
by aultiplyiry tarough Ly either go/3 orp. Of interest to
gas flow ard duct design is the form opbtaired by multiplying
through ky p. Applying the above assuaptions tne resulting
eyuation is:

pVv2/23. +p = constant . (eqn 2.2)

In this form the constant has units of foot-pound force/
feet3 and expresses the elergy per unit volume flow rate.
It reduces to pound force/feet2 or pressure. Each term in
the expression is given a name. The velocity term is the
velocity presure, p is the static pressure¢, and the constant
is the total pressure. In words, the total pressure at a
point is the sum of the velocity pressure and the static
pressure.

C. HMODIFIED BERNOULLI EQUATION

Altacugh eguation 2.2 was derived for flow along a

streamtuke of an ideal frictionless <Ilow it can be extended

. to analyze flow through ducts ir real systems by applying
the First Law of Thermodjynamics. A good development of the

application of the First law of Theraodyaamics to pipe flow
is found in [Bef. 2]. It results in tae modified Bernouili
Ejuation (2.3). Equation (2.3) incorporates ali the assunmp-
tions so far and includes the tera dp,. The [low resistance
in a system with a real fluid between stations 1 and 2 is
represented by the total pressure loss,4p,.

16
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PVE/2Ge *+ p, = pPVR/23. *+ p, + Ap (egn 2.3)

The velocity used in the wmodiried Bernoulii Eguation
will be taken as the mear velocity ard thea this ejuationx
will be assumed valid for any streamiine in the dact.
Analytically this is not correct vecause there 1is a varia-
tion of velocity at a duct section iroa tae walls tc the
center of the duct. The error introduced by this assumgtion
is offset by two circumstances. First, with turbulent fiow
the velocity profile is rearly uniform wnich makes the mean
velocity a good approximation of the velocity at any point
in the «cross section. Seconi, experimentally determinel
loss coefficients are utilized in comgutations and this
coeifficient is applied using the mean velocity. Then if the
velocity profile 1in the system patches the profile of the
experiment, the loss will ke correctiy computed using the
rean velocity.

The com;uter program uses the mean velocity and compates
it basea on mass flow rates. The mean velocity is computed
from the mass flow through a sectional area and the density
of the Iluid 2t the section using equatiorL 2.4. density is
cosputed ky the perfect Jas law equation (2.5) and is a
function of the absolute temperature of tne gas and the
static pressure of tle gas.

_ w . .
vmnu\ - pA (egyn 2.4)
p = E/RT (egqn 2.5)
where = static pressure

gas constant

absolute temperature

17
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D. PRESSURE LOSSES

There are two types of fluid losses in the aducting
system, frictional and dynamic losses. Frictional losses
cccur along the walls of the entire duct lengyth and are due
to £luid viscosity. Dynamic losses result £rom 3isturbing
the flow such as a chanje of direction, contraction, or
expansion.

The Darcy-Weisbach equation (2.6) calculates the fric-
tion loss for straight ducts.

S
Darcy-Wiesbach equation Ap, = } (L/D)% (ean 2.6)

where ap, frictions loss

in terms of total pressure
'§ = friction factor

L = duct length

2 = duct diameter or

. equivalert hydraulic diaameter
£§;= velocity pressure
The friction factor, f, used in coaputing iuct losses is
taken frcm a correlation Ly Svamee aand Jain presented ir

[Ref. 2]. . .

e
—_ & J0
10°7 8 D &)

f= .25 T4 12 s (egn 2.7)
[Lﬂﬁ(j'ﬁ + —R“—_#' ] £000 & Re € /0

The absolute roughness ractor, e, is taken to be 0.00015
feet for all air duct components. For rectangular straight
duct sections the equivalent hydraulic diameter, De , |is
calculated by ejvation (2.8) preseatel ia [Ref. 3].
Equatiors 2.6, 2.7, and 2.8 are utilized in the progranm for
computing friction losses in the straignt sections of the
duct.
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Friction 1losses occur in all fittinLgs rnot Jjast in

straight duct. There are two tecunijues t> arrive at the

friction losses in these other fittinjs. 7Tne dz2cision akbout
wiich technigue to use depends on the waether tne fitting is
saort or long. In short fittings rriction is accounted for
kv measuriny the connectingy sections of straiynt duct to the
center of the fitting. NO attempt is made to include fric-

tion 1ia the <calculation of fluid resistance for a shcrt

fitting. Elbows are short fittings. For long f£ittings such

is inciuded in tae
computation of the flow resistance coefricient.

as difrusers and contractions, friction

Therefore,
a connecting straignt duct lergth should be zeasured to the

center of arn elboq cr to the start or enl of a diffuser or

contraction.

Dynaric losses are soaetimes called 1local or minor

losses. In piping systews, losses due to the local distur-

tances of the flow are often called mipor losses. In very

long Fiping systems these losses are usually insigrificant

ir ccmparison with the fraiction in tae

In the

so-called ainor losses actually

lern jth considered.

duct used for a gas turkine installiation taese

become major losses because

or the snort lengths usually encountered. Experimental
results are almost always used to account £or [fressure
losses through the duct fittings. Such i1nformation 1is
usually given in the fora of egjuation 2.9.

Ap, = Kpv2/2g, (egn 2.9)

The cceciicient K is given for the fitting in nuaerous hLand-

books. Figure 2.1 shows some typical re,resentations of the

information available.
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Ref. 6].

Figure 2.1 Typical K Values for Fittings.

One of the purposes of the projram is to provide K coef-
ficients for various fittings selected to represernt iuct
compcnents. K values can vary with tne jeometry of a
fitting. For example, a 1long smoot:i radius rectangular
elbow has a lower K value than a short saocoth radius rectan-
gular elkow. The prcgram taxes this into dccount and is the
reascn for the various guestions about a fitting's geometry
in tke area of the fprogram where the user is inputing the
duct systen.

Two fittings in the prograa‘'s meau 10 not require geca-
etry inputs to obtain resistance information. The tvo
fittings are filters and the gas turtine aodule. The reason

20
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& for the lack of Juestions is that tie losses are tLased on
3
‘ ; manufacturer's data. Filter a@anufacturers provide fressure
b - . - .
loss data based on face velocity and tue nocule is based orn

the mass flow rate of cooling air. A power curve fits the
data and the program uses the curve to aodel pressure losses
for these fittings.

Table I sumarizes the fittings available froa the
program's mendu. The fiuid resistance coerficients are
conputed by the program upon input of tiae rejuired gecametry
factors for the fitting. Ingut of the duct fittings is
accomplished interactively. The source of the model for
€eacn fitting is noted in the projram listing in tae title
biock of the fitting subroutine. The progran subroutines
FITO01 tarough FIT29 correspord to the fittings listed iL
takie I . A sketch of each fittin; is provided ir the
user's @panual <for the progran. The user's @manual is
Appendix C. ‘

E. GAS TURBINE/SYSTEN INTERFACE

General Electric Comgany, the manufacturer of the LY¥2500
marire gas turtine, cublishes performance 3data for its
engine under varialble operatirnj conditions. (Ref. 4]. It
is important to urderstand hcw the shipbtoard enjine is oper-
ated under variable operating conditions sucu as duct losses
arl ambient temperature , pressure and hamility so that the
Froper corrections may be applied to tne engine gerformarce

. parameters for tinese variables.

21




= PP L TR g Ty w s dheintAinte tanse. -

5W'_—v'“\ Ll Mo an e mi Aaaeis e Thte B Aucatie e Rt iee 6 A0 Ak s AR A s Gl ad L WLWU g e W W e

>
r-3

-

f
Y 2%

e e

S ey
.

7?‘.

TABLE I
Fittings Available Froa Program Menu

- Fittiag Number Description
= 21 Intake shaft, rectaagular cross
L section, side oriiices, w«ith or
without louvers
- 02 Straxght duct, roand or
a rectafigular
- 03 Smooth radius round eibow
- 04 Pound_90 degree sejmented elbow
with 3,4, of 5 pieCes
05 Mitered round elbow wita or
without concentric vanes
06 Mitered rectangular eltbtow
07 Smooth radius rectangjular
€lbow
c8 Smooth radius_rectangular
eloow with splitters
09 ' Mitered rectangudlar elbow
with vanes
10 Fectanguiar elbow with
conver Jinj or aivarying flow
1 90 deiree rectangualar elbows
in a Z-shaped cofiiguration
12 90 dejree rectanjuliar elbows
in different plaies
13 Branch section of a civerging
wye
14 Main section of a diverjying wye
- 15 Branch section of a converjent
8 wye
. @ 16 Main section of a coavergjent wye
. 17 Conical rouna diffuser
- 18 Plane in-line diffuser
" 19 Pyraaidial in-line diffuser
o 20 Transitional diffuser
{ 21 Found contraction
- 22 Rectangular contraction
y
{ 23 Screen obstructioa in duct
, @ 24 louver entraace
N continued next page
= 22
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25 Filter element
26 Multi-baifie type silencer
27 Gas turbine module enclosure
28 Waste heat recovery boiler
<9 Abrupt exit
30 Fitting rot iisted
¥ Froa the snipbtoard operator's point of view e enjirne

Pt el
’

- should drive the skif at the desired speed whetner it is a

kot day cr a cold day, or if the inlet duct losses are four

v

irches orf water or eight. The engine is operiting differ-
ently under such conditions to produce tne same horsepcwer

and sgeed. The profer correction factor set to be applieil

Py

to the tatulated data is the set for <constant speed ani
ﬁ}, . horsepower. The corrections are applied in the progyram with
' eaca iteration of the duct system periormance caiculations
usiag the current values of the iplet and exhaust Juct

losses and ambient conditions. The corrections are very
smail (less than twc percent) and tae converjence of the
correct engjine operating point and duct losses created by
tne pnass flow of air reyuired at the ojperating foint 1is
quite stable.

F. FAN/SYSTEM INTERFACE

e

The operating pcint of the fan installed in a iuct

¢ system is the point where the fan <characteristic cuazve

-

intersects the system characteristic curve. The fan curve
shows pressure rise vs. flow rate. Wita increasing flow the
Fressure rise across the fan 1is reduczd. The system curve
,,. is the ofposite, increasing flow in tane systeam increases the
ggf resistance to £flow. Fijure 2.2 rerresents tais situatior

graphically.
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In the iteration process the systeld curve 1s estimated
as a gquadratic fitted to the orijin as a mirimua point ani
the other point at the assumed flow and tue resulting gres-
sure loss. Similiarily the faa curve 1is d.iso represented as
a guadratic with a paximum at Dmaximun pressure attainacie
and the corresponding flow arnd anotner poiat at zero pres-
sure and maximua £flow. The represencation of the far
performance for the default condition, thke Spruance class
destroyer module cooliny fan, 1is excellent. Wwith an egua-
tion for botn curves the foint of intersection can be
obtained. The resulting flow is used in the next iteratio:w
until the resistance of the system and tne pressure rise
across the fan is the same for the assumed flow.

G. JUNCTICNS OR WYES

An excellent discussion of tae aiLxing of two streams
roving at different velocities was written by Idel'chik and
is rpresented here to Jdevelop the backgrouand for the
eductor/system interface discussiorn.

. __The junction ,of ¢two paraliel streaas movipng at
different” velocities is characterized by turkilent
mixinj of the strears, accompanied by pressure losses.
In thé course of this mixing an excasanje of the momentua
takes.glace between the particles mov1ni. at different
velocities, finally resulting in tne ejuilization oi the
velocity districutions in the common Strean. ~ The ijet
with hLigher velogltz loses a part of its kinstic enerly3y
by transSaitting it to tne siower jet.

, The loss in total pressure pefore and after pixing
is alwags large and positive_ rfor the nijher-velocit

jet, an incfeases with ar irncrease in tne amount o

énergy transmitted to the lower  veuoclity  jet.
Consequentl{, the resistance coefficient, _which™ 1is
definéd as the ratio of the difference of total fressure
to the mean dynamic pressure in tae jiven section, wiil
likewise always be ;ositive. As tJ the lower-velocity
jet, the energy sforei in it increases as 131 result o

mixinj.  The 15ss in total pressure and the resistance
coefficient can,_  thererfore also_  nave nejative values
for tie lower-velocity jet fRef. 53.

Zne projram incorporates tnis concept at tne junction cf the
mojule ccoliny air arnd the enjine exhaust (if tne system is
so coniigured). The projraa assumes the lower veleocity jet

. e Ce e TR G T N FOTOUSIUUURIUIN W TN SO
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to be the cooliny flcw and the higyner velocity jet to be thne
exhaust flow.

H. ECOCTOR/SYSTEM INIERFACE

The eductor discussed in this section is used in the

engine's exhaust to move «cooling air throuzh the cooling
ducting and engine enclosure. 7There 1is a wixing of the
cooling flow amd exhaust before it is discharged to the
L. atmosrthere. This section does not discuss tne eductor
installed at the exhaust Juct exit. The only component of
interest there is the nozzle as a dynaaic loss. The effect
of the externmal mixing tube is small and can be neglected.
3 The module cooling eductor is used on the Jliver dazard
Percy ciass frigate. It is shown schnematically in figure
E 2.3. The eductor systea is. illustrated in fijure 2.4. This
hf figure shows the geometry and pressure distribution during
= the mixing or primary flow, engine exhaust, and the secon-
r‘ dary flow, =mdodule cooling flow. A match point concept can
;f te develcped <for the eductor muca 1like tane fan and systenm
' interface concept shown in figure 2.2. One curve is called

curves are snown in figure 2.5. Given the geonetry of the
mixing area the gaip available can pe compuated by varying
the cooling flow while the primary flow, the enjine exhaust,
remains rearly constant for the desired power settirng. The
gain availaltle is a maximum at zero cooling flow.

The gain required is coaputed by iividing the system at
the eductor and is aralogous to the systea characteristic
model in figure 2.2. On the Jownstream side cooling and
engin€ exhaust Jlows move tarougc the exnaust duct. Zhe

ﬁi the gain reguired and the other the jain availatle. These
1
)

3

!
[
[

3

t

b

2

o

- cooliny flow aoves through tne upstreaa Juct. Total pres-
sure losses can be computed for botk aad tae sum is the gain
reguired. Since these comjutations are taking place at

.
2
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rearly constant grimary flow, engine exhaust, the gain
regquired at an operating point is a function of the cooling
£low. The gain required at zero coolinj Zlow 15 the exhaust
duct fressure loss under the flow conlitior represented by
the enjine exhaust alone. Increasing the zooliny £flow
increases the losses 1n the exhaust duct and also brings to
Ltear losses in the cooling duct. Therefore the required
gain is a wminimum at zero «c¢oolinjy fiow and increases with
increasing cooling flcw.

There must be an intersection orf the gain reguired curve
and the gain availalkle curve if the system is to operate.

Tnis condition occurs if the gain available at zero cooling

flow is greater than the gain required at zero cooling flow.
The intersection must also ke far enough to tke rigkt to
frovide tae minimum cooling requirement for the load on the
enjirne. The matching technijue s to begin with scme
pinimum cooling flow as speciiied by the engine manufacturer
ard march to the right addinjy a small increment to the
coo.ing flow until gain reguired eguals gain availatle.

I. SYSTEM ANALYSIS

Sections of the 1irntake ani exhaust ductwork will be
aralyzed from node tc node resulting in the pressure loss
for the section. The sections will be called branches. A
node is the starting or ending point of a branch. The

fittings of a branch will be entered into the program in the
a8 sequence encountered tky the flow along a branch. A node is
an entry, diverging wye, fan, the jas turbine enjine (not to
[0 Fe confused with the engine enclosure), converjent wye, or

»’ an exit. Figure 2.6 snows the six resuiting schematic
& representations of a gas turbiae iastallation and the varia-
b tions of cooling flow availatle. The numbered dots are the
F"' nodes. Node 1 is always the main inlet erntrance. Node 3 is
f.
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always the engine. VNode 4 is always tne cooliny far. Node

TP
EA D

‘ . 6 is always the main exhaust exit. Noje 2 may ce either an
. indepenient entry for the cooling flow or the oranch loca-
tion wnere the <cooling flow daverjes Jrom tae comtined
irlet, Node 5 may ke either arn indeperndent exit for the
coolinjy fiow or the junction of coolinj fiow with the engine
exhaust. The hashed area is tne engine and tne largjer
rectanjle represents the ergine aodule wnich surrcounds the
engine aré is a ritting in the cooiiny flow branch. The
tranches are lesignated by the node number at tne tegining
and end of the branche. The reader shouid rerfer to the
user's manual for a coaplete description of entry of the
fittings into the prograa.

The systen in figure 1.1 would be a class three systen.
It nas the cooling flcw oranchirg off the main inlet (diver-
gent wye) and joining the amair exhaust near the exhaust exit
piane orf the enjine (convergjent wye). It also has a fah
installed which differentiates it <from the class iive
systen.
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The tasic [procelure £0r Systel adaliysis 1s to assume
enough flow and 1loss information to proceced with the anal-
ysis and check the assumptiobs vwith continuity of fressure
at tne rodes witia each iteration. i1i tne rressures do ot
match, nevw assumptions are made based on the current

periormance and the iteration is continided until convergerce

is achieved.
= With six different tyges of systems to azatch, sSix
- differerLt schemes nust be iaplemented in the computer coie
' to handle <cvezrall system @matcking. Zach sclLeme must be
- taiiorel to nandie the expected coaponents that make it
é different from any other systen. For examp.e, <system six
Las Lo ccoliny fan and system one loes. System one reeds to
P corsider the rfabp and syste® interface bat system six Jdces
- not. A rendix A 1s the complete prograam listing.  Appendix

B cortairs a flow chart of the most complex system ir the
prograam, systend three, ard 1incorporates all possitle
conponent/system interfaces.

J. TOTAL PRESSURE GRADIENT

The total pressure caanJes represent the energy reguire-
Dents of tae systen. Totai pressure losses 1in the intake
and exnaust ducts are inputs to tne engire Gfperformarce
sutroutine in the [frogram and are ased to d=2termine the
operatirny parameters of the engine. Fan and system matchinyg
is accongplished with the tctal pgfessure rejuirceaent.
Taerefore total pressure gradients in tae Juctwork are most
important to analysis. Measur2ment oL tane other hanl
usually froduces the static —cressure jradiernt. TLe static

Fressure at a [fpoint is less than the total prassure at the
FOiLt, Figqure 2.7 shows a typical repcesentatiorn of the

‘- Fressure chanjes during flow in a siaple duct. Lo0sses 11 a
duct are due to the irreversiile transiocnations of

]

.
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mechanical energy into neat and the losses are used to :lot
the total pressure grade line. YNote tomat sole [ittings sich
as diffusers and cortractiorns cause a change 1ir the stat*ic
Fressure juite different from the caanje in total pressure.
This 1s a result of a <haLj2 iL tae velocity fressure
througn a variable area fitting. The sample program output
presernteé in the user's manual, apgendix T, canL De used to

produce similar zlots c¢f the pressure jrade lina.
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A. GENEHAL

Ine purpose of the program grepared for this study is to
translate the Jeometry of a ygyas turbine 1installation
including irlet, exhaust, ard cooliny ductinjy intc a one-
dimensional probleam to caiculate tne system's frictional and
dynaric resistance to air flow and soive tne protlem for
various operatirg conditions. Tne solution will inclugde
enjine performance parameters suck as specific fuel consuzp-
tion, turtire inlet temperature, and mass flow rates.
Additionally a summary of the duct system performance is
given by fressure losses for each component and a sumamary of
kranch losses. Cooling air flow is predicted by matching
the system and tre irstailed fan or module eductor.

Interactive <code is utilized for ail program iaguts.
Ary bpumper of <Z{ittings and combinations of fittings may be
selected to represent tne user's curreat design. The systenm
in £igure 1.1 can be represernted by fittingjs chosen from the
menu., About 30 selections from the menu would ke required
to mcdel the system. The type ard number of selections
depends on the system's configuration and complexity. tach
fitting may Lave from one to seven guestions posed interac-
tively tc establish the rejuired geometry inputs. with the
geometry known the fprogram computes areas and coefficients
necessary to perform the analysis. Tais data is stored ia a
file called duct data and may be saved for future progran
runs where geometry imput is not rejiired. The operating
point i1s defined upon input of ambient temperature and pres-
sure, humidity, horsepower, and power turbine speed. When
coabined with the duct data file the probiem amay be solved.
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B. INTEERACTIVE CODE

Interactive code allows the user to sit at a computer
terminal, accass a desired Fprogram, speCiry inputs Lty typing
at the terminal keykocard, and execate the grogram. All
irnputs are reguested Ly statements appearing on the terminal
screen. Resulting output is writteu to tne user's files
whick may be viewed at the terminal or seut to the printer.
Tne interactive mode or operation i1s especiaily valuatle
because it allows the user, by modifyiny selected input
values, to gJuickly evaluate the erfects of changes to an
existinjy or contemplated design. Modification of a systen
is accoamfplisked interactively within tne editor portion of
the progran. The editor offers the adility to <change a

fitting. For example, a mitered rouni elbow could ke modi-
fied to ‘add cascaded turning vanes or a different elbow
substituted entirely. Also offered is the avility to add or
delete a fittinge. The addition option Jdoes not allow the
user to add a new first fitting to a branch, however one may
te added anywhere else.

The most important consideration in writin3 an interac-
tive coamputer program is what appears orn the screen arnd now
it arprears. Pequests for inputs are in English rather than
er.Jineering jargon. Onits are ail in the Enjlish systen.
All lengths are in feet, etc. A.i ioglcal caoices are
accomplished by entry of one letter, the first letter of the
cu.oice. For example, "Y" is the reply £for yes. Ali logical

-~ - - ~ 1 -~ - < A - - ki . - - - | SN s - - -
calill Ilfal Grl  indLcatel witall piIcnthesis ot tol o cona

t3

of the question. Shcuid the user uot usec oLe oI thke cloiices
indicated, the «cuestion wili ke repeated until a ©proger
resyorse is given. Default values are avaiiacle Zfor nanvy
circumstances to amainimpize the ingit eifoct. 4 default is
rot avaiiable oy simply depressin; the return rey. Tae user

zust elect default vaiues by a lo,ical choice. For exam:cle
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the Hamiltorn Standard iilter systemn 1installed on tae
Spruance class destroyer is avaiiable as a 1derault Zor the
filter Jltting. T.e dSel 3e€ielis Tiid o) al.3weliiy a.liilia-
tiv=1ly Tc 32 JlesStlon 43XiNG 1 tnz iscl w0udil life to iSe

tle dezlualt Zilter syster.

C. GCTHEZK PEOGRAM FEATURES

Arctaerl consideration 1o interactivVe COA dtel ;LD ;I74R3
is toe ractice oI M"user [CrooJling" tae inpits. TL ota=cC
werds, an interactive conputer poogCal Shousl Ot tersalnatc
executior (i.e.,"crasn") if au iaproger iLput viiue 1s inai-
verterntly defined by the user. O namerical anl lozical

input two features are incorporated to protect 1rnput te *the

££ojrazx. Tirst, read statenents are prot=actel witn error
and erd of file jetectiorn. A roblea with input .Lere is
haailel b7 3skKking the user to re-euter the valnue. Oon

rumericail input if it hapoens ajyain oa tae same jUEStiosr tae
ffojram stops executior. Secondly, 1I an inCOrrect LuGLer
is properly Jdefined to the program 1in tae jeoretry inzat
E1ase, the user 1is ofiered one last chkance to re=-enter
correct fittinyg data 1f the user realizes his mistake telore
he 1s asked if he wants to 1load tne data for tne fittin3.
1r¢ user 1s assisted Lere bty a <check for area contirnuity
froa ore <fittirg to the next. d warring 1is providel if
continuicty 1is rot mTaintained. zlectinj rot to load a
fittirg trinys the user racg to tre aeLnl1 with the frLojrac
feady to accept a chcice of <ZIittings Zor usc instead of the
erroneously enter=d fittinj.

The rrogram is nodu.arizel 0y tae extensive 1se ol
SI1LCCUtiLes. Modularizatiorn <fdcliiitates projraa imgfrove-

Tents LY aii0Wwing the upjyrade and repiacement oI irdiviluai

sutroutines. This is a diflicglt foocedure o 40 1if couwol
tiocks are ased. Tnerefore SonTInL LlscTX3  have peen
38




ciinarnated Zrom tae ,rograad. The aser a3y decide tc chanje

m

7
tre fittings avaiiacle 1L tae denu, oL 2gKauaplis, Internal
cod: docuzerntation sS.uows the dFedas LniT TJdSL L& Ccrnangel o

accoazliznh this tisx.
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IV. RESOLTS AND BECOMMENDATIONS

—— _— e e e e e e

A. GENEEAL

Tt i1 ncw rossifie to aralyte systel pecfiofmance cf an
criindar: mariae ,d4s turbirne instailatioa. ?rior to tae

developient of tils Progyram s1LSeCtidns Ul tu2 Syster Wors

de Ta.s 211! not

O

aralyzei and thelr interacticl Wwas Le JieCt
provide serious errors in tae estimation Of &njlre -=rioInm~
arce Efut it Jié not frovide compa.cte LaZOCaation oL svyst2an
perZcriuscCe. In particular, the greciction oI coolin, IZ.uv
wis Lot accurate. This was parvticdcarlly icute Wiel toe
S7Y3ted util..ca A TOCLule etuctor.

The rracess  of panuAlly assigning A resistince coerfi-
cient to a fitting has been eliminated. Now it 1s possible
for the computer program to anaiyze the geometry of most
fittings rapiily and appiy tae correct resistance coefii-
cients for the one-dipensional analysis witkhout the user
looking up any correlations.

The grogram flexibility is deamonstrated by the ability
to juickly change dirput parameters and analyze a system at
arLy ofperating point. Previous methods anaiyzed comporents
at full power and then used a proportiornality model waere
losses were proporticnal to the sgquare of tn2 engine air

mass flow rate. This met hod consistently under-estinmates
duct losses at low rower because it does not take into
account the variaticn of coolirny <Zlow provided with an

e

installed fan or module eductor. At low power the cooling
flow can ke a sijnificart contributor to duct losses and tae
previous method can nct predict this coatribution.

Yy v
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B. LIMIIATIONS

It should be emphasized that any one-dizersioral
anaiysis does not hardle rflow distortion well. Suspected
Frorlexrs in this area are still fest Jdealt with Dby tne use
of model studies. The limitation of a oue=-4didensionas Ladel
is that a fittinzg's fressure loss may be known for unifcrr
flow distribution, kut i1s is Jdirfricalt to predict the loss
with distorted flow. It is known aowever that tne distorted

flow situation will have a larger pr2ssure loss, but how
much is not easily determined. A one-dimensional arnalysis
may point to problems with Ilow distortion. The program

E recogrizes the potential for <Iiow listortion on certain
fittings such as diffusers and [points out this potential.

T, 3 It a fittirg's pressure loss can vary significantly with
distorticn of rflow and the dne-d;nensionai apalysis has
computed a large pressure loss, the user should flag the

gi fitting for futher study by model testing as tke fressure

loss hLas probably been underestimated.

ey Not all ;ossible duct designs can nave their fittings
moleled -y the progranm. Some rittings will be availacle
from the program menu and others will be similar to fittings

listed, kut not exactly. Then there dre soame whicn @may not
be listed at all. If tie fitting is close, 1t may te used
and expectel to give reasonab.ie results. If tae fitting is

not listed then the user must provide the resistance coefii-

cient by using the "fitting not listei" choice. Ti.e lata
for this entry may come from a published correlatior or from
tests performed on similiar installations. It is in the

° area of «correlations where most benefit <can te gained by

E pcogram modification.

I
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C. PRECOMMENDATIONS

The fprojram currentiy rCurns as a stand alone yrogran, tLat
some increasel utility nma; be realizel by incorporatisg 3o0ae
oi the sufroutines in otaer progyralks walcn would tren ingu<

a snip's hcrsepower anil 3P?¥ requlireclents for an operatin

Nan

rroiile instead Jof pcirt bty ;cint user input.

The General Electric LMZ500 engjlhe 15 currently the
€3glne within the prcgrai. Tne =2ng¢lle DPerioradnce 1in tue
Frojram is built by taile intergolation ol th2 fpurlisnel
performance lata. Gereral Electric also oifers a grogran
wrich provides erformance wata and 1t 1s recoamernded that
thls prcgram be sukstituted <for tae engine  sukroazine
cirrentliy in the precgraa. This wiil esiminate any dcucsts
atout engine performance gredictions and aake the parameters
more offical. Also the General Eiectric projraa ccvers the
comtplete periorazaance map OL the enjiae waereas the enjine
sutroutire used in this analysis was linitedl to 22,507
LOC3€pOWEr Iaxilum. inere 1s stil. a4 iittle vower liefr
teyond this wvalue and the rogram can not CurreLtly o.ercdte
there. Arother modification <concerning +the engyize 1is
iuproving the module temperature out aodel used in the FIID?
subroutire. The model used produces reasonabie Cesuits Iut
is not Lased on test data but on operator e€xpeClence.

The Ltigjest imrprovement 1ian projraa Jefrforaance an?
atility can be made by the incorporation of iaproved iitting
flow resistance correlations of test iata. 1oiels ani Zuil
scaie systems should be instrumented to _rovide duct rres-
sure loss data to chneck tne prograa's 4analysis. “here ta-
projram predictior is not accurate new fitting correlaticas
should ce deveioped. Potential fittiags ror inproveu acéels
are louvers, silencers, dif fusers witi distorted flow, junc-
tions and wjes (especially where eductor action is desired),

ar.l toiler tuke burndles. Aalitn sufiiciest data tnese

42
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fittings could te modeled better and aore simply T3
13 - +0e

3
,‘3 overall j i 15 i

. ¢cbjective is to increuse bota tne utility and acc
racy of the program analysis. ’
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: ¢ EYISY JJESTICN REPLY IS CHECKED TO MAKE SURZ ONE OF THE ALLOWZD
¢ R5SPCN3ES 4aS USED, I ¥ NGT TAE USSR IS 4ARNED AND ASKED TO
. € ANZWER AITH ONZ oF THE CORRECT 3IES20NSES.
. If ((ANS.EG.YES).OR. (ASS.SQ.NO)) GO 70 20
] 12 $3ATRa 58 , ! ¢ )
b . ARITE {6,032)
X Go T3 10
20 CeNTINOE
- IF (ANS.E£Q.YES) GO T0 30
§ c IF (ANS.38.36) 60 IG 50
e c D0 YOU WANT TO COMPITE GR EDIT THE DATa FILE 27777
1 30  WRITE és,eoak
b TE4 §v$°%1'cg§;g%f55§=%§L5A§3 EDIT)) GO TO 40
} g T LA RGN CORITY SR ks SG. sors
WEIZE® (8,602)
50°T0 30
40  CONTINDE
, iF f‘"s°38 -COMEUT) GO 79 80
3 c IF (ANSCZ3SEDIT) GO To 119
@ 50 CALL 30ILD
[ 60  WRITE 604)
{ RED é 1;,aucaézézgazez) ANS
1 133 ééaus - EG.COHEUT).QOR.(a¥5.2Q.20IT)) 30 20 70
62 WIND 2
WRITE (6,602)
GO TO 60
79 CONTINUE
ir énus.z .CONEUT) GQ TC 30
c IF (ANS.EQ.JUIT) GO To $99
B0 caLi cose
30 HRITE (6,605)
30 §u§621'§g§ 1) - 6;aaxus gIT)) GO TO 100
92 i3 itp =8 - ¢ 'LQ Q X
KEITZ® (8,602)
30 70 40
100 CONTINGE
IF {Aus.sg.znrz GO 1O 110
c IF (ANS.EC-QUIT) GO To 999
: 110 CALL D
s ¢
! GO TC 60
! 999 CcCyizyus
{ 60) FORMIL (' A ONE-DIMENSIONAL YODEL FOR THE SYSTE® PERTORMANCE'/
. F A MARINE GAS CURBINE INSTALLATICNY//
° + ' BY ICDR, 3TEPHZN . SZZEIL' /7
* ' YERSION 1.) " MARCH 30,°1984%7
. + '  OPTIONS: BUILLC A DATA FILE BREPRESENDPING THE oucT sysrear/
) . 4 ' EDIT OR CHANGE THS DUCT DaATA FILE '/
r + ' COMRUTE SYSTEIN pERFORNANCE™ 1/
.- . ' METHOD: INTERACTIVE INPUT OF DATA, 3BANCHING TO DESIRED'/
-~ ’ ' QPIION"BY iNSkzBING QUESIioNst//
o . ' %% GARNING, TWO ¥ULL ENTRIZS ON JUNEIICAT INPUT WILL s#et/
- + ) s*s KILL THE PROGRAM. $ssi///
- #' PIRST QUESTICN;'/
+' DO YOU HAVE A DATA FILE OF DUCT PITTINGS (I/N)?')
P 601 PCEMAT f“)
) 632 FOFEMAT (' 'YOU MUST ®NTER THE LZTTZR INDICATED IN THE BRACKETS'/
®
. 45
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¢ Z2DIZING SUBROUTINE: USED TC ALTER THE ZUCT DATA FILE ¢
C“““'t.t.t..‘tt‘. SREEER B EEE S EFEE RS EER RS ENE REKE RS t‘-‘..‘l““‘-““tc
¢ WITE THIS PART OF 7d4E PROGRAY YCU Cali CHANGE, DELETE, OF ADD &4 €
¢ FITZING 7O THE -ATA FILZ. IT #CJLD BE HANOY'TC HiVE‘a CCBY OF ¢
¢ ITRITH V10U WHEN Y0U_ MXKE THE CHAAGES. ALS0 THE DaTa FILE IS ¢
¢ IS PERMANENTLY CHANGEL, TO SAVE A CO2f, MaKE i CCPY OF IT UNDER C
¢ A CIFFTRENT FILE YAME.' ¥0U SIILL MUST §AVZ A FILE NAMED "3OCT ¢
< DaTA® 3 EDIT. EACH LUCT DaTA FILZ IS SZfTALZZED SY THE USER ¢
¢ A4E A NEW SERIAL NUMBER CAN 3E ASSIGNED ZC THE CHANGEZD FILE. ¢
¢ ~HE SERTAL NOMEER AePEAES OF THE -C.2UT=) JUTPOUT SIL2 OF SYSTEM €
¢ PI5FOEMANCE. CHANGES ARE MADE 3Y THE INDEX NUMEER OF THE FITTINGC
¢ IN THE JUCT DATA FILZ. T4E INDEL SUMBER 1S TEE SUMBER IN THE ¢
¢ FIRST cOLOMN. g
¢ TYIS SUBROUTINE DOES NOGT CHANGE THE SYSTEM CLASSIFICATION. ¢
¢ 0 GET A DIFFSRENT SYSTEN 70U MUST 3UILS IT WITH THE BAUILD ¢
¢ 3ART OF THE PROGRAM. ¢
C“"“‘O“.““t‘t“lltill“.“t““..“‘.“t.‘..lt‘t“.t“t“““ttttg
SUEBGUTINE =D
’INIEGE§ gfrunvx ,ANS, CHANGE, 02LETZ,aDD,Ll 4,5, LES, NC, 4ORKI,D, 2,
R LOEE O cHoBE 0000 OB 1o
a Pt L
BZAD (8,600 SEEERECY ‘ At
READ (8,601) IND £x 1 RKI{I.1),WORKI (I,2) ,HORKE (I, 1
N (3,6 H KR ( é)c K“(és ' K(é'&))l (., n,.
10 CGNTINGE
i REAIND 3
20 WA (6,602)
READ (9,503, 2¥L=22,ERR=22) ANS
IF ({ANS: £Q.CHANGE) 10R . (ANS. 20.DELETE) . OR. (ANS. £Q.2DD)) GO TO 30
22 £WIND 5
KEITE" (8,604
Go 16 20
30  IF(ANS.ZQ-CHANGE) GO TO 40
17 Aus.zg.azzszs G0 70 80
c IF (ANSIZJ.AD0) "Gb 10 150
g FITTING IS TO 2E CHANGED, A ¥E# FITTING SUSSTITUTED FOR THE OLD
¢ WHAT INDEX WUMBER, i 222
40  HWRITE 605
cali' s 61( )SL
c D0 YOU NEZD END 777
53  WRITE és.ooe
READ” (5,503, FHD=52 (ERRZ52) ANS
géL% Aﬁgcgs ngaog (Aug 2Q.NO)) GO I0 60
- - & - o & 1t &
2D L,
815 48
60  CCNTINDE )
Lf (ANS.EQ.1E5) GO TO 62
WRITZ (6,607
CAlL sEABI(TYPE,S)
c GG TO 64
s CALL THE MENU AND MAKE TBE CHANGE
62  CALL MENU (0,0 ,TYPZ,d ORKI (M
64  CALL SEL c‘;i § woRkI (%, 1{‘&1§E AORKI, AORKR)
C SN sdRE calngse"93?
66  HRIZT (6,61 L
REAL™ (5,603, END=63,ZRR=63) ANS

A A r;T
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SELZCT SUBROQUTINE: 3RANCHES 20 PITTING SELZCTED IN MENU

C C
Cltttttttt.llt.‘tttt“““‘“t‘ttt.ltt“tl'.‘.‘ll.."“‘.“‘t't“‘.ttitc

c SALLED 37 BUILL AND EDIZ SUBRQUTINES ¢
¢ THIS 'SUBIOUTINE CALZS LCaD & SUBIQUTINE THAT TRANSFERS TH: ¢
¢ ATA OF A PITTING 70 THE SYSTEM STORAGE ARRAYS AODKI AND AORKR €
C'tltt‘.“‘ﬁ.“‘“tt.“““‘l‘.“"‘t.t‘.ll.‘t“l‘l“lt"““‘..‘ltttttc
gggpogggn; SELECT (M, SORL,GEOH, TYPE, WORKI, HORKR)
L T 1 NN
Ty i i ;
¢ CHANGING THE uuéaza'o%'rrrr:.cs §E§&IR£§ Lo E5RM3Y zc TaE roriowiNe
¢ GC TO STATENENT AND THE ADDITION OF a CALL TO THE SUBBOUTINE
¢ ggA%oHA§DBE§ iiE ggg 5131{3631 12,13,14,15, 16,17, 18,19, 20
+ (3425354 $4725,%.27;28029Y,T¢ez" (el
1 carr rrrof égoai saou,wxi,wkak
CALL 100D ( ,GECY, 4RI [ WKRs WORKI, 70KE)
2 CALL FITO2 §S9EL GEOH,HKI,HKRk
CAIL LOAD" ( ,GZCh, #RI | #KR, AORKI , 1ORKE)
3 CALI FITO03 {SQELGEOY WKL, HKR)
CAIL LORD™ ( L GECH, KT WKH,KORKI, #ORKR)
3 CALL FITOG éSORL,GEQH,HKI,WKHk
CaLi LOAD (M,GECH, 4KI ;¥KE, JORXI,WORKR)
5 CALL FITOS (SOEL cson,ng,axa& ) : ‘
g. S LOAD ( LGECH, 4KI ,wWKH, WORKI, 4ORKE)
6 83110 F1to6 JSORL GEQM,WKI, WKR)
CAIL LOAD" ( ECH, AKL § WK3; WORKI , RORKE)
7 cazi sxro7 SQOEL,GEQM , KT, WKR k
CALL 02D ,GECY, aKI,dKa,WC2KI,A08KR)
8 CALL FITO08 (SOEL Gzon,wxz,axnk
CALL LOAD ( L GECH, AKL , WKR, WORKL , #ORKR)
9 CALL FITO09 ésoan,czcu,qxr,a 8)
CAIL LOAD ™ (4, SECH, KT WK, WOaKT,40RKR)
10 CAIL FIT10 {SQEL GEQN, KT, dK3)
CAIL 10D ( LGECH, KL | AKR, #0RKI , 10RKR)
11 CiLL FIT11 (SORL GEOY, KT, RKR)
CALL 104D LGECH, 4RI 4KE, 40RKI,40RKR)
. 12 Cail FIT12 (SOBL,GEOM,WKI,4KR)
= CAIL 1oaD (4,GECH, 4K | 4KR, HOKKI,70RKR)
d 13 Caiil FIT13 (SOEL,GEON,WKI, WK)
;, CALL 138D ( ,GECY, dKI JWKELWORKI,¥ORKR)
14+ carl EI“1“ J £0M ,4KI, axak
o Eél*ouu SECNSRRY  Aka 803k, voska)
- . 15 Cati £IT1S (SQRL,G £03, K1, BKR)
[ - géx%o-gs ,uzc& AK1,4KH,#ORKI, #ORKR)
' 16  CALL FIT16 (SOEL,GZOM,WKZI, #KR)
CALL 104D ,3ECH,dKI , KR, AOIKI , #ORKE)
2 17 Cail FIm17 soax,csca,wxr,nxak
L CAIL LOAD (3, 5ECY, aKI,WKR,40RKI,4ORKE)
] 18 CALL FII18 (SORL,GEOM,dKI,  HER)
- CALL LOAD (¥, SECH, KT LWKR,WORKI,70RKA)
i
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19 SQRL(GZ0Y, HET, KB}
ATL 108D ( LGECY,dKI JW&H,8GRKI, 4054R)
20  CALL FIT20 (SOFL ston,ux:,:xak
. CALL 10iD ,GZOH, AKI | AKR, RORKI , 7ORKE)
9 21 ALL FIT21 (SQRL czou,ﬁxx,axak
. 831%0 1D ( LSECH, 3K J4KR,WOEKZ, 4 ORKR)
' 22 CAlL FIT22 (SOFL,GECM,WKI, #KR)
- CALL 1CAD" ( L GZOM, WKI ,WKR, 4GRKI, #CAKR)
‘ 23 CALL FIT23 (SORL,GZOY, (KT, BKE)
3 CAIZ 1GAD" ¢ . GECH,dKI J4KE,8ORKI, 40EXR)
1%
! 24 CAll FIT24 (SORL GEON ,WKT, ¥KR)
CATL 104D (8, GECH, WKL , KR RO&KI , FORKE)
25 QL s:rzs SQEL.GECY, wxx,nxak
Go £ L8 ,5zCh, 4 KR, 40dKI,40BKE)
26 &a1:’Ft26 (somt GEOM,WKI, #Ka)
CALL LOAD ¢ ,GECH, 4KI [ VKR, RORKI , FORKR)
a7 &ul° °IIZ7 SQBL/GE0N , K1, HK3)
CALL LGAD (4, 3ECh, 4RI JWKE, 4GAKI, #ORKE)
- 28 call EIIZB SOSL,GEOM ,WKI, uxak
géL;ohg (4, SECY, KI | #Ka, #UoRKI ,WORKR)
29 Cari fI 129 (SORL,GEOW, KL, AKR)
SSI%OL AD (M,GECH,WKI,wKR,WORKI,7ORKR)
39 cair FIT SQEL GEON WK1, #KR)
CAILL LOA { GECY, KL {WK& FORKI ,40RKS)
c A NEW I-. TR aéouzﬁ ANOSHER CALL STATEMENT BERE
40  CCNTINOE
EZTURN
END
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¢ FITTING O4: ELZCW, SEGMENTED aOUND ZECSS-SECTION, 90 DZGAEIT ¢
CEEEBESINEE AL BE SRR R EERIEE SR .““t“‘t.t.t“t't.‘-‘t..“““.t‘.t.t‘.‘ttc
¢ EZF. ASHEAE JANDBOOK, £AGE 33.33, TABLE 3-3, FITIING 3-2
¢ CIRVE PIT =0 THE —ABULaTE=) pATi Fba EACH NUMBEE OF SEGYENTS. ¢
¢ THIS 1S A SHORT FITTING, FRICIION LOSSES NOT INCLUDED, MEASURZ €
¢ CCNNECTING DUCTS TGO THE CZNTER JF THZIS FIITING. c
C'—“tt“.““.U.““"ﬁ“tt“‘.t“.‘t‘tt““tt.l...tt.l.....l.‘tt.“tttc
SUZROUTINE FITO4 (SORL,GEOM, 4RI, 4KK)
REAL D,R,AKR
iNTZGER SORL,GECH, 4KI, N, N
CINENSICN wkE (2), A% (f)
5 ARITE (6,300}
CAIL READR (N,5)
IF((¥.17.3).6R. (¥.67.5)) Go TO 5
wa¢-sge,so1£
CALL READR (D,5)
el
g§5330.7855t6a.2
GO T0 510&20,305 ¥
10 ceu dog2eip (3. $54%(0.00282-8/D)) +0.32829
20 ggiégaﬁg‘EXP(2.“861‘(—0.02393-5/0))00.22798
30 C=1.0456%EXP (1.74313% (0.01219-8/2)) +0.15776
30 CoNTIOE ’
dKI(1)=GEON
RRI{2]=
WKE(1}=ARZA
WKR(2)=0.0
WKE (3)=C
WKR () =AREA
600 FOEMAT(' 70U HAVE SELECTESD A STGMENTED ROUND CROSS-SECTION 90 DEG
$REE ILEOW.'/' "e*FIRST QUESTICN, dCW MANY SEGNENTS, INCLUDE ZNTRY
+ANC EXIT? éJ‘H‘OR Sl& ).
601 PCEMAT(' ENTE&E SHE ZR0SS-5SECTIONAL DIANMETER.')
602 PoaﬂAtf- LAST ,0SSTION, #HAZ IS THE RADIJS OF THE TURJ OF THE ELB
*#Qd g MEASUREL TO THE' CINTEBLINE OF THE DOCT?Y)
setufin
END
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C
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nana

Ct..“.‘...t‘..‘..“‘O“.“'lt"‘ttt‘.“l.t..“““l“‘...'t.““...lt.c

SUBEOUTINE ?xr1s(soan,saca.wxz,axa)

BTAL 4KE AN

INTEGER SOAL §3ECH, KT

CIMENSION wki(3Y,EkE (%)

WRITE (6 600)

call nEiDRéAH,S)

AKI(1)=GEO:

WKI(2)=16

WER(1)=AM

WK3(2)=0.0

K& (3) 20.0

WKR{s}=an

600 FORMAI(' Y0U HAVE SELECTED THE MAIS SZCTION OF A CCNVERGING'/

#0"4YS, THE BNGINE BAHAUST ALONZ SHOULD 3F FLCWING THROQUGH '/
+*  THIS SECTION. IT SHOULD 3E THE LAST FITTING GF THE =RANCH.'/
+'  #eJUST ONE GUESTION, 4HAI IS IJHE CROSS-3ECTIONAL ARZA OF THE',
. WATH ERANAFY)
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SITTING 20: TRANSITICNAL DIPFUSZIR

C
Ceastan tl‘t.‘."-t..‘.‘..".‘.““..‘.l‘l..t.l“.I‘..l..l“..l.l‘ .ll.llc

g SEF. IDELYCHIR, AANC3COK OF 4YDBAULIC 2SSISTANCE, SECIION FIVE, <
¢ FARs I
(C:..‘....t.t‘-...I..‘;.“".“...‘..“..‘l‘.‘..“.-“““l“‘.l‘......‘.g

SUEZCUTINE FIT20(SORL ,GEQM RKI
BERi aRBLL aig gl £750. 8184753 cexa,craeRI
INTEGER SCAL, A i1 lus !zﬁ §&
DINENSION 4K i( &,axa}ﬁ
DATI YES/VTI'/ TN
“riz= (0,600
10 3§§53163331 ND ERR =14)
s - =
iF (gaﬁs.aé.zES) 8R. (ANS. zQ vO)) Go T0 16
1% REFIND
4RIZE" (6,611)
GO %3 10
16 CCHTIuGE
A3ITE(6,603)
caLi PESDRTIL,S)
WEITz (6,600 °
caif usicaé .3)
RRITZ (6,605
caii aziaaéi.S)
gt '
Iriix§fsq.fsé) GO T0 30 :
A)=h%id
3130, 7854 #pen2
IF(ai1.g7.a0) Gc To 20
ARizle 607
20 iaaia=éo 2.0%SCET (H*W /3. 1416) ) /L
30 %0 380
30 Al=dey
AU=). 7854 pe a2
I?éA1.GT.AO; 30 10 40
8155144807
(] .
40  THETA=(2.0%SGRT(A®W/3,1616-D)) /L
59 ;cgg;nés_ Rt "
32 ggiﬁ'é?é%%?%uossu ERR=50) ANS
if éiéNS.E‘.YBS;.éa.(ASS.ZQ.VO)) 30 70 56
5 BIzs” (8,617
GO 79 52
S %C‘H’;l'IgUE
_ Z7 (ANS.EQ. YES) K1=6.8
L Ifggszta.%r.o.SZu) 30 10 60
18122 (8,80 5)
2530103,892) ANs

@ I (A¥S.EC. {ES) X220.6

) IF}IHE:A.GZ.O.»“E GC_TQ 70

. STAP= 8T8 (THETASS1.2) #(1.0-00/01) =02
- 70 ??{égsgx.c:.1.osl 30 79 80

CERZS({ ({33538 7421 =9.7924) e THETA 9. 4553) STHETA=1.9220) »
‘50 ‘0295 ~a0/A1 ee2

80  CIXP=1.1#(1.0-AC/AT)®s2

5 B oghie
- ¢ 0

CP3PE2211. 9= (AO/A1)*%2) /(8. 0#SIN(TIETA/2.)

: HK;(‘I)s;.SEO!( /4 1) Y/ ( ( /2.3}))
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FIITING 21; CIRCILAR CONTRACTION ¢
CorsE S assatEARE SRR RS ARAEIRE SRR RN ESERNSERSESEE USSR S SRS E RS SRNEAERR S SRR &

¢ RIF. ASH4RAE HANCBOOK, 2AGZ 33.34, TABLE 8-5, FITTING 5-1 <
< TAELZ INTERPOLATION g
g C
C".“‘.“.‘.‘“t..“l.‘..‘ SEEEEEE R EREBEREREN ESES .‘.“‘..‘...‘..“.“.tg
SUZFOUTINE PITZ1(SORL,3EOM, KT, #KR)
REAL WKR,D9,01,1,THETE,T,C,21,40,%
I8TSGER soxb,gich, WkI, LobT ‘
5§;§x§§%uoa§£62),6&3(&).1(55),A(Z),xou:(n
T2 7/8.0,5,
. 0-0,10.5,30.3,55.0,90.0, 120.3,150.2, 180.9,
. 1.052.0,4.2,6:0,10:0
. 0:0,02050.04020,3.9,5.9,2.0,0.0
. 0.0,0-04,0.55,3.06,5.1279.18,0.54,0. 26,
N 2:.070-08,0.3009-07,0217,02270323500% 41,
* 0.0,0-08,0.04,0-07,0-18,3-28,0-34,3 42,
. J.0:3.05,0.0550:.08,0-19,0.29,0.37,3.43)
aaxrzée 500
Call Eiogé 5}
IF{L.LT.Q. f " t=0.05
ARIT2 (6 0015
cAif nESDR£ 1,9
WRITZ (6,60
califefor’Do, s .
TgETa=114,591588%aTaN( (D1-00)/(2.0%L))
A120.785u*D1%e)
20=0. 7854 #DO **2
151 =THETA
Tl =a1730
Calc TaBLZ(T,X,I00T,C)
AXI(1)=GE0
ax1l29=21
d4KB (1} =A1
WKE{2)=0.0
AKR (3} =C
i 4KE{4) =A0
00 TFORMAT(* DU HAVE SELECTSD A CIRCILAR CONTRACTION, '/
¢ V" depyRST CUESTION, 4AAT IS D9 LENGTH 2F IHE CcNTRACTION?Y)
631 FPORNAT(' ~AHAT IS ~4E JpSTREAN nfyiETEZz?7)
62 FCANAZI' WHAT IS THE JOANSTazal LIAYETIR?Y)
ENE
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¢ PIITING 23: SCREZY ¢
C.“‘.".‘ .‘.‘.l.‘.“‘.....“..".‘......‘.‘.....“.“'.t...l‘.‘.l"c
¢ REF. ASYRAE HANDBOCK, PAGI 33.+2, TASLE 8-7, FITTING 7-3 g
¢ CIEVE FIT T0 TAEJLATED SATA, 24385 0N Ducs SREi"AND scaz: ¢
< FPREE FLOK ABEA. ¢
g“."‘.‘...““.‘.-".‘.“.““""‘.“."‘..‘...“'..‘.‘.‘.‘l.“..“.g
SJEROUTINE P1I: 24 SORL,uEOﬂ 4KI, AKE)
REAL
INTEGE §OEL Tl s,
u::sxsz ko), axa(u)
176 8o S
cati zioa* UCIA,S)
WRIZ2 (6 g0t
Call a&:aé C3NA,5)
Y=SCRNA/DUCTE
SATERE .90Z21*8)=92.445) sN+32.066) *N=1.9557) *N+0.025
ax aGEOM
WkT{2y=23
RKR(1}=00UCTA
AKE{2)23.0
WKE (3) =
#k3{a)=bucTa
600 FGRMAT(' 70U HAVE STLECTED A SCREEN CBSTRICTION IN THE DUCT.'/
. P aeFIEST UESIICN, 4HAT 3 IHZ DICT 22Q33-SECTIONAL AREAZY)
. 601 FORMAT(* LAST JUESTICN, WHAI IS THE FREZE FLCR AREASF, IHE SCREEN?
*
zerunk :
END
]
r
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b .
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Ctl.‘t.'ttltt-lt.-‘-.-‘lll‘.U..-.‘.‘l.‘...“l .l.l..-t"ttt‘.‘.‘&t“.-‘!f‘

c FITTING 24: GVEE INTRANCE
Cta--ntt:--a--u-utttnttt-t-tttt.t

L X 8 3 “.‘t‘l..‘ll.‘.“‘.““‘t‘.“.“.‘.g
C RII. HANDBOOK CF HYDRAULIC AZSISTACI, IDEL'CHIX ¢
¢ I3 FI20 RN T2t tos S aRe s tiony 35 At ey v N
o 2
z.‘l“" ‘.‘.‘.“‘.“.-.t.t..llll...l“'ttt.“l‘t“t‘.-‘t.ttlt"‘..l..te
SUESCUTINZ FIZZ4(SORL SECY,#KI,#Ka)
e AR R
AN S ol IV
SISENEIsN FRT (o) AKR (W)
WRITE éo,sook
CALL_3tad2 0k,
4RI7T (6,041}
caii .-35330 v 5)
45275 (5,602)
CAiiTaEAdR ¢, 5)
ARI7T_(6,003)
gaﬁ&oélgga(a C74,5)
C=€2, 144 #EXD (~4.47543*F)
aKI(Yy=5z04
WKI(2)=24
2E{1)=0UCTA
WKE{23=020
SR80 S5uem
WK R =DUCT -
630 FORYATI(' YJU HAVE SELECTZD A LOUYZEED EINTBANCE.'/
. ! $®TISST JUISTION, #ddT IS IHI DISTANCE AcRoss THE 'y
. * LO9VER OPENINGS?Y)
601 FCEMAT(! AHAT IS SH§12532A¥EE 3STWZEN THE LOUVERS, USE THE '/
+ 105387 JISTANCE.
502 FCRIAAT(' HIW_AANY CPENING3 ARSI THIRE BITWEEY THT LCUVIFS?')
033 toF¥ai{' 1AST ,O0ESIICN, #BAl -3 THE AREIA Of THE 2UCT JUST'Y
. v INZIoE THETLCOVER ENTRANCI?Y)
SETURN
N
30
A A - - 2 Y Y -, [ ok




L anda b S B .

P T 0 i N IR AR

C
C
C
C
C
c
[
C
b

. * -=
[ ] - O ~
. @ - o) -
. " " (2] (3]
s » [Z9 Fade m
. & < % @ L
. » a . - =N 2 ]
LI ] * et t, N
. » (G IRY ] - [ 3] NN
. » NNe e (21 X e
a w (o101 T T e .
L [R1%T T R, (2] s mes
. » D8 D O -4 A}
® 8 ol 8 0 [T te W
. B Eeaxe - o 1 OD
* # €DO8 (N b ws e o1
® 8 OV 8 > D> ~ny [ (3]
. (12T T - BEENS Nt e a3
3 & Oulbis © - @y} [ANCESY
#® ® tukide 0 o e 1X] e
. N8 . - [ O sodadme
* B e e N ~— gl Se¥IE M
* 8 HOMUE b > LIy LAY
® # hLaeoes o [T 1™ [ SN 1]
. 8 0N HO - - wJlad (o] Wot=]
& & Lid 8 VT O -~ ot 3N
" B PNaw Ll ~ faaed (51810
% 8 mAaAHE  >itne [o} L3 ~<m Vx4
4 ® DFE2R Wi~ Fe » [ L] [
% & O O8 Dby ] WO B GBIt
[ N % anme Q b2l e Nk
. w4 B0 e W & [=] = N (Sl ln
B WM BAXMYIN n i o eQ
* SOLIFIMBEII o - ~ e (21X 2
#  BOHHLIS DI~ - t [S 1Rk [TIST 3
YIS IR N7 140s) Q ~ | o (ST |
LR Ne TN IRNE L B Ot o) Ed >4 ten P LR
8 BZOJOE (B> o . ] ) ey et
® Rt U wangd no =] [= ;] it>pI0)
* TG BT OB o ) —~ 0 (371 Bao
g LTS O - e 12 * g UDOIM
NIRRTV IR U = o (2] - ~ = um™o (SN
® el O #0) N, ~ o - N I ~ arzes v =
L XET 2SI AT N s AP EX ™ [T B L N N~ 5] L
B8 NI R =N [ R . — LX X3 ~E B o HI 2
% lLd LhO RIS G Cine @ o (o] —~ gt —~—— SN nr.a [ Shid: ]
* ROCQUR YOI .3 = S g4 Fig o 231950
S OLORY) v NTr o IO — ~ Ty ——"—— =% IS [ NG T
BB EIO T8 N N e Q W el el HPEhad no D [NIY 1
BB AURNIROLT S P~ [ Wi S e g *# 0 <D [ e ]
R X FERTLY R AT IR I [ N N ) o lak R ) 122 mwoQ Qe
S48 ryild Kl Wy & 0 QB O —_ BN AN~ VI 2O > mm 5 [V
® RPN N SN @m0 N ALIOmONOY e a2 25 DO e BB O
* " TKCU nideie ~rldmdd o Bl -2 0 Q- w00 QudESIFIEE! (NN - Q 0 WMedke
B R ANHEE  IGUENO Y- o OAMD DM ~TZ el ael 1) mFIEDDD M\ O ¥ - LS . £ 4
BB LI TE CO e OIBONTT ~1y O WOBIOWla< DHIDNNN AdidO o o m N N Fa N
L Xl X7e17%] ® 7 wMZENOO00 QO (8 -X o Lodhna:Thua X N | OOty EEO o owag Mmoo N\ ey
# B> JTmEtHG O ot wOUNZIIOBIN D BT [ 3O ¢ 0 o 1R WD) WO ' gor Dade e bate O
BOB U COR FICHHINOBIO vZE1F DD 0 OUIHE (138 (135414 ¢ 1O DM I IEDMDEAI N0 T ODOIDN I 0 H N NP~y oy
R Z 7 8 DEUNMNTG AN AE BN HAdH e OO il IR MU S O R £ R O
aHE DUONKO UFm Pl I~ OHZLE OM-GE AN NOIMODDDORDDHO® WHOOOHIH- (I IM2 4 A Z gl O,
WEIR aedh 1R G0N 40 JEAOY TIEIE LI ESmgh 10 7 T LK B2 DE 434D B XM OINNIVINELZ I 1 o ot~ BOET O =
e LIV I KEATIR G d e E e S LT ZTFT R Z I OV AT GGG E GGG
LASE ROITIEC L Bl EAS P A2 111 0] 1 [(B1TF-2 Jol OHOOMNO O N HNEOH B IEXXNMO- THOO
“r.“ MOVME NGHOORY R uUNRLO v NO CNBAH.&ASBCHWUWH??OFIPFv| -
» * ‘e
4 = »
- » QO e Nm
. & » [ o (ad (=} o a oo
. - ~ EJ I¥.) - [} (4} * O 0 WO
LVVLLVLLUY

A

e 2N A







W T W T W W T W T oW T e T

——

wuLUVUVLL — 0, -

. » » - -t .

. . L] N6 "moun

. = - - 0 4"

. & » LI S} L

s » " n o2 xorn

. » - e b te

. » - NEFe [ )

» » » - - o n

» » oy M [ S ]

. # -~ » [£25:2]

. » oz » (ST +1

. & O L [8) E: o) (S

® & K » ity €4 - QO

L - [X] * (31X [ 1]

. 8 Q L] "] b < U~
- & = . [RIXEY] L
s & * Ny B - [
[ I I 3 » me M ot W
a B = - [ 3] [ 0 om
. & O » e Bl O W
. & O [ e} MPle 4 QN
. » » [ T2 P NS [ T 2]
» #* = L s - - e LN 7

.« & w L - (2] [T ewfla,d)is 4 I
. & o . O g SN et i @
. O » - ~N G, W0 Mlium 7 ot
® N D & m - L INWY

R 0 * UL L w(2OITIgl) D 0
» % ] - 1 momAtenmay om0
»>en - » “~ L] 14 €4 F4 2 -2
L 22X ] * ) . [T 17, B 23 ™
* 8 = | TR - Fomad 4fuitif, Oy
LA s - ~ WAEFa OF4) D
IO .rer) - i 10 I X Ed
BB ONE # v o —_ T e VT, 1 T I
#lLe @GO # T v vOmNON O 1
® AR NNH BN ~ Ay reM 44 b4

& ME Sy %EX E ~ n =L o e
1R amT B w0 E 4 (o] Qx4 Wi4m 2= O
BB @ R . . . (SRS E TS T I S B
#E4R Bru 8O E o HNROHZY: 7
AN TS Bt - + Urgmamided =~
RO R e »* ~ LUk O =
# 718 HH ® o - » 3 (2] 154
LA X718 TR N P [ hd — - [STSTSISIA{S]0 RG]
B R LIY B al wNao - ~E nEoETir m e
X3 Nal Mo BE N1 K 19 . 7 WtarMbats = WU
#O* Q *F L Jx ~TD (8112) Pty (D]
RTREIOD B~ T & O+ N gZENNIN 1 B
®18RN R OO -~ —~ — Fix OV AaPAIH-I O
® 280 BN MUY e o~ e e WY OO0 [ =1 x w

BHRZNE B N N N s + JUN (S AL MOIEEE b4 £4
# R HY | R e L T T . € nin DUNhgtad « N
Y B TR IR W TS | B e i S Fon-s) - WEOO Ot =X W
* o8t 3z # MG T ST M e AN~ NN~ Qe O St s lETRE vl
» o8N A« #uMIO OmMOWOWOMOTON MR Nfur- O o

L XS X1 X WIFmONMNOQOO0N OO 0N BOO™ AMTIDMNOVO ¢+ O

B B B () e e wett g .ﬂ IJ TMB I ZR MBI OINAEDIN ) e v o s s s e » =
BOBAHO B IEGHOWYHI OO QIOEITI® g0 — OV iU it N~ easudibudibud
IS TN & DMV LS T SG AN G OO | B O E TN o B 4 tagebe ke b
SHIB Ot O UImB (2 h1 B 1 P M8 D<) JB ol VO (IO 2 o et at i
WEE o) W e JATIE IR AT 1IE O I B I IV ZNLV D UO MO T ey nre T L
P T I R I TR O I O e e e e N T N s e L R AR L R Ll d Tl ] AU TP T T S |
B4R BIOM B DTG ARG (LG AR A0 I DT mEADTIO N e O O0C» O Ol
R @Oy # NMGHIRORORQIRIENDRULANLNOUKLUNDOUL RE X IR X Ty ffetut ety Batnng
. @ ] ‘e + »

[ L]

[ I - 3 -trm o N
LI ] " S onO o O
- » L el ‘DoWw O ©
vLuVVLUUUL U v U v

0
e Py PR - o’y

S U Y e ’ @' , ® A ®
L} P v : . - Lt . N . -
v " a’a’ s i - PP W Ly PRGN AT R N o

Y

St

L. W ST N Y




- b asms Ban _siun g0 S Sk A Shoe 2a A M i oA Tt Sl S ges ¥
- b B S 2 Jamtn Sucth ate Jeess Mt A g PR —ve R AR S B i I A A A e Al .~

g
r :tt“"“.t‘-l““‘..Q““. EL R R R A R R R R R R Il R R R R E R R P R R R R R ] ‘C
FITTING 2 TSR3 INE LZ
’. C'.‘..“‘.‘.:“Z.t‘:2§.l:§t ...t‘::i‘..t.‘l‘t-l‘-‘".‘.“-.“.l.tl‘..t‘ ‘('
¢ g 3TF. JENZRAL ELECTRIC CATA, LO5533 IN I1# THZ ¢
¢ YASS Fosd THROJsE 83 4chufz. TN3T . JE3%Iius aSwToTHE I3 :
3 ¢ 3UBRCUTINE JJST clATES THE wudndLel NG =
i ¢ T3aI 7-0a DaTH SCT TEETEySINz. TL335:zs FLlW.
Cl“. IR RS EREIIEE ST EEEETIREIERTIEIR SRR RIS 2] .‘tl‘:
SU330UTINZ PITZT(30RL,3ECY, AXI, #K3)
3TAL KR, AQ
{ 192323 SOBL,SECY, 4KI
SIFENSISN aKE(Z), GKR(4)
5 R (6,090
AK =53E34
i akzl2y=37
: K =1.19
WK =1.J
7K =123
) WKE(3)=1.2
507 FORMAT(*TTYDJ HAVE SETLECTED THI 3AS TURDINE MODULZT AS A FART OF'/
. ' THE CCCLING LG4 2iS5a53Z. NG LUTSTCO¥S, JUS: NEESZD'/
. ' IO KNCW RAERE 100 WaNI12) THE 4¥d3LzrV)
FETURY
B3
1
R
®
.' -
p
L
!
g
®
b
>
a
s
]
§
b
e U —— PSR . s .




T y—————

R "

..

——

L

Faal Apad A i)

p———

oVULOLOVL
L ] L] * -
. » o
* #W0 L X
» W »
. 5 » [ XN SN
. @0 » Zo- -
» #ng » e 18]
» # » G m
a & - < ©
* ® » 12 AN
* * N -» ) -
» # . » Mtn Ny
» W » 9]
» - » e L1 N
. ®Q » M -4
. ®= * ket
4 ®ag » 0 - %4
. # L3 et O
a w»un » [t Uy
" ® * (1] Leerb
. #a; ¢ g o T Wb
» * N » 30 0 > [0 AR 1)
. #N - N\ o b= 10 n)
- " » e - (o ~ My AS]
. ® . “ w m [ 2] r (o] AKX
# ¥ OB uit) e o ] (&) 15N
BGE e PTR O FINe N ™ (o] %) -4 ¢ o)
BN L # s O v 3 n hity LitdQ
L AR L] [T I IR 4 03 -1 (o] EQ _— * o] k.
B4R . >4 B U . 4 — e — — 2] £
BORE 1N B Jrg N —_ m fa 0 (18] ny>
» M [ I JENS IS o ] o) B [ 21a] Fimed
» BNy M B LT (L] P (3] [) - mn [EEL 2ol
BB ] BEtNE - — m [ - -ty (2]
BB Z U R o) s N —_~ =) e n . il atn
ROIR ot o PBIAEAD Y ) n= £ ~ — (8] B 1)
BB M MM vt [ B T4 - £ ~q Fed
[ XB2 NP % TREAr - D alm - . W (o) [7,) [+ 9 (XIS
LAt ) [ BN BN Y] - . o ey . ~N (o TS 1 | 21 ]
RHUIBEL X B FA s N -t O N =) [2]eTS I
BICR A Y RO - oy [ 2N ™~ N~ 7] [ L0 Lokl e
L. AR! L AT - I I [l [ LIRS ~ UU)~ =D
BEIRT E BT e nwn o Itz O O #4 ~ nmox [ 2]
» 8 O # wi s\ = ® o - £t 0 - AN W
& ple 0 LR ST S e I T ] o~ = on —- BINSe Dy
#0  Rg W b)) (o] [ {3 Y [XEe) ok -t i~ oo
N AT O ROTENX e €4 ~ers (XL I TS » [t 1]
IRy T R s N DOG Q) 8] N\ [=d N ot temod
BB B O NO Q e~ o~~~ D —_ o~ =0 [ [ 3 R 0]
RVRD B BDUIQd W~ LG T R VRN Vo S | Ry —_ DD DA e - «IF I
®TRY QB SN (Ja 9 ~ - - * QY [Tal - - L) 7 e~ — Tt 4 YEL]
. en @ BRHOITIN I © N o~ > k) 4 Zmed O s~ 3d w1 AT OIS — m Do
# BOONN BHAO sHe SJMH WO [Talo N7, YU o P o PO 7, DO L3 | XRNNEY ) - PN L PN R A L2 [72] ) Dkla D7z
LR 350 # 0 IO S - YN [PIM A N O Wi ~ [ancinnc.t i Alaaa sy Sans 21 L= N T | S =Y o o O
RO B D XTe O aNOO O RO D O O N po D D O« NNHine > F AUH DEe beemm
HNOBZYPGE BRIOIO NODO v (NN S A PEDTOTODO e OmMOMOWG O~ O It MO O hlam -
B NE YA B wNZD wohlO N O« W W WO N ) SO MY AOIN(YSUT ¢ Fe I b -
B BEADT B Oe O aZHOM) ¢ OGN0 ADM O ¢ A ZHIOIID O OO L VI T 1R ~ TN AS ) Ol = - ofe = =
OB AN B EC GBI SN HE DM 1M oIl AN G HE 1D S DB B 1050 (0D W~ ———
SR G ¥RV RN LN RIOUY M vt iRt 2 B T 1N G N U I elTL PR § | L 31 X1 X
i 0r4 8O Z 0] @O EE o7 1) 1) G g OB ) Pl ) [ EEAINS SRR ML Lagle [ £ ] Lt
AL I TR IO IO ] Rl abeg "R JOI FE ST Lol | XTR XIS [ RTRIST6 Mt thod il JI NI STS IRTS | ST IS 18 1 21 ] Xt | et it2 ~rr
LRl NTTUITE R TR TR HATRL g Fdea G ) A I b A e FARTSIE IS RIS [ IS Rs - haa U FPARIEIH Y. 1 o
® Rl % DM egaitedf, O b P> e - T - TG by [OIL e A 13 A TT AL TR N O TS I IS IUAS EAT- A VL2 VL b AVO
t.:“ oLy ” st AL20A T et U4 OO O iy LRI O 1 U 47 et U TR IR IRIETRIE D, L:7) R
» + s +
. » -
- » » [} 4y
- » » o (o] o (=3 [=] (o] ~ ~ [s] [olale]
. - . — ~ [ag] - 2 0 ~ o o O 00
[BISISIS IS LS 8]
.
® ®




AD-A148 788 AN ANALYTIC MODEL OF GAS TURBINE ENGINE INSTALLATIONS 2/3
(Ug gQVRL POSTGRADUARTE SCHOOL MONTEREY CA S M EZZELL

S
UNCLASSIFIED F/G 21/5




e
At LT

LAR)
A

,""-;'j?'

ol g PE

o s
= 4

1l ¥R

©

22 s nie

MICROCOPY RESOLUTION TEST CHART
NATIONAL BUREAU OF STANDARDS-1963-A




N g

ey

o . -

L

T

| L ACw Bk ut S a-uh g an

. W .

s

o

/
| ERV4

2¢)

NKS 21/

UBE CENTERLINE'/
E
)

b 4

R

b

A
TOBZS (F3E

-t D

LS BN A" b "l e b 4 2R SRR N ity it Tuibn S0 "Rl el vﬂ

wEQe Hbhem EONGTEE D ..
B DT EBHIYIN

(SR Te AR+ L I Mt L
Bitn Db) OVt E 00 « )
B4 QI ) 19 Eelade b0 4 oy ]
e OO ZNAIN 00y

~IZADT € 4N AAGMDNTE

€ U 2M Ut il .
[ F e INT-1: 0 qtan 3 <M RS
FatmOy 38) 1 O miI-ami-4d o
[l ;@i oA an .
T Ay IiE [t e L 8] 3
DZEOATE N B OMEHFS

O>e ¢ V1 muiesmtn MUY o
g1 il DM HuFnD o A
T 40T e faNZE NN .
bitnHIx (o] Sl I [0} ]
g FenthlEd WaMmDBlITIhing .
no mm Iy f ANk i
(S lat N AYIs s 2 X1 2 L X] ¢4
Vi @O (4 sm 55 Do Ty

F LD e NGIENDON .
QUIH 4l oIt 461 .
Vmiiy e wr ey W - A
HYENER VI eImEeb ¢
i, m il g ORI MBUE O ¢t d
S‘IuwHT.NndeJROHRY-Hu
[SEREILITT N AL TR -4 O ]

ceseeecsrecossemeanem
~— - e ——

(X121 (3L ]
-y gt Ll lod P
¥y ERD o
g ot i
[eléle) (X610 .

1raDalte Taofagtxiad :
sees 44+ + e

~

4

ORMA
FCEMAT

g

4

w oM Mo -
S 5”0 o— ,

d

v

334

0 0o 00

(i e a4n)
.

..... A SR
o R
LTI

. tr e .- . . .- M
aapanihal Al ot bl il

NPT S8 W T WY Py e




LI Tt

DA AT B S

i

-

1S

v

Ll

L Sneod SEs-lan Smasa dinfals el aamedh _EER . snathe _EEEAAE N

Lot A St A S i S Ar o B I e

LS

YTy

TTRTRTEINNT

FisToO W %
.

VLULULLLLL [t LVLLLULLLL ~N,
. s [ [ [ R ] - -\
[ - ] [ - Ne N\ N\
s - AN ] LN ] - D o -~
. @ . -l . @ » NN e -
s 8 MO8 o . &em - HIODOQ DN o
. 8 =% 8 (5] 4 #0HW & [alalX] - W
# 8 4. (12 & woBNW 8 Eogefe DD
4 & 92 8 s a8 A b N b
. 8 Z=O # Lol o PO - Bepe mUIN
* S0 8 et s s=mnn . wig D0
" B LS t0n ® B4 e B b ey N
LI X | ] IR om ®  BEAO> o8 Otsfs VO
# 8 mbicy® ”e B HOHAS Uy +ininy
s S VHITIVE L4 ® B e L 3ac B S0
L BT Xad.} - ® B ieUtep ma 1 M -
LI XS . e ] n one Mg ZEON -
s spOomNe "o 8.0 PIMAT WOl s
8 Bt ONN 4] S D8 IO DUL  bLAIPL - 4
8 L0 toeg 2.8 4D> 08 » [ [P]
® BuaE 8 2 SMd N LIW WY U i e
e 8 HOUS ow [ R.TE-+ 10021 MUD i}l -t
8 diai—e (XL ] ® SpHWE @ nIEOy i
a etim @ TR ES DN brmm a4
® 80 (210 B O 4D E 4 T W NOW
S MLDu® (] # A UHNNE k1] e BCINE o8
[ 2 ) [ X1 J SeE- ® 8 [5F 2 2 —=OO 3§ dfde OGS
®  #IQFATe ) BO8 -4 ultin BE4 fdu) Ulee o3
s 8 anmnd ["4] . re oy @ oG TATIDIWNO
® #$mMd4 N 4 * SN -|e 3l 64 4 O~
8 AHION N % o mILHIN COIAN. Neg w4 \I1}
® 8¢t MPP t=1 3] 018 i s ~ H e N 4IO N~
® 8 2 40 ased BOBOLO M FIATI o LMD OURNH
8 8 Wbl ne * %K » e HU Ay e
% BNt Bw <= #0868 wobie’e IDMLIEs ] e
& Scd W . #E QBTN - QU 4ot gay Ny >4
& 8 am e = - SURSMET @4 NOFNTEOUVLIE
B SMOHEEN -z & sy m ax +401 sty UNI4R4
B aMiu 8w 5] s M BEOme . PSL QO Y=t
. O » ard # D8 MOHDE o = satemox
& SO W 164 208 _EDAE llOTHS Feazede
a8 SV 80 (3] PSR T 1aY X o] 05 e s 3O OH M-I D
B EIN LM< I ($10) ® S HLIVWKGE D GCL’I "oumts o
#HE QDR D P (1] #® Belt I8 0D - Q = N>
L3 1] NS o = O ®O8NN-ILIN o () R-L onNe.™ e o0
A8 S O8] m & B0 8 W QB TRNT IO
4 axmakiso Mg i *O8 PO Mg O 53> 13X
26480 NAEQ ¥ td RZmANn Hwig O mic [ate i TS S L T
# 0.8 0MNOIHR N AR - (4 fe] LA L e LA L MU Ery S0 W)
SDREMNZNE~ B o N > REBMODDE~ . FoH B 1N EO D
.G L. e G~ e BHAHZETMEOQU e = —~ WO A
NWS BE WA N - mn aHe g RN Y WD I weel) QN
e A ITOIR G O N =] BB VIGOBES I o 5 - U e BN
® WO R I w4 o (=1 ] # 8 JVOOUSHU wd H o a4 R
s @ 29 B febided it el @] 8 @nFh. b wi )C - HOIIB® 11 2
#opNa § aoieO—y o e ® B UH s IRiO:lu(’.lﬂ NEIOS b o]
#0808 4laii48 a0 OO Wooow B O8 BEENI18 MO OXOMLOXKO (2]
SR EDOMIIE . WNEONWOVG o o o0 BB GIEEE 8 E MNBEOOIOOOOALION ¢« O
2 #xTo BHE O cdedNgEOVYD™ e o B 8D R ) et A (e = & ¢ o o o [
sON EH-L-E- B OWA NN NN~ B OB fallerig48 HXEMIHOETIOb [ LR RN N Rad ot
B58 CNNHIS DIRRIVI D et % R T ba U8 DRIV N SAL T ek T o
Ldald D3 80 OFPF eNeENM T o ®@HEMUNIYR O R L) 1 eleam R - -y
bl X3 L 1 R B L L | ST Rttt ] 3 @ F4® NI O® 15 J0LIE 15 I JE 4 | e = =D
B0 IO N I T eI 250G 5 G 1Y EAOAB F IR Ol i@ IsCEaF -4 o-bits I 40304000 0 16 {5 4G [ w0
B LTSGR DBIRMEG OE MO SIS O OO # DUIZ M AN AN N O (2] [e331.]
LI RIE.... Sa.I.uiC_-H.n.nHHHP - .a...o Ft U # NPTV RO LIRS eI R R i tre [ W18}
& @ ‘e - Srrrss oo
" o t o t -
. » - o L] . o - ~
. » » o . » - o o o
- » 0 . » - 0 0 0
UVVLLLLL v
L}
SR A Sl ..\ . ‘C --..!. -.:.... . -f. ..‘. .’ .

L
1 et

bbbt A & PP R R O T

Caaa

9”

Lo S DY)



ﬂ“ J— L 4 nL
d o'
. e
) .
¢ S
w .\ .A
. o
] 4
j e
3 : L
' & d
r LLLVLVVULL A
» - “u
: » woo. "
» x L3 e e
o (28] ] . [ .
L o o8 o ., o
» L X . e fod L R
4 st (0 fas o .
B Te DN 4 n .
4 * > e [ 5] -
» [ Y- oh -~ .
’ 1 OwENs -2 =2 .
! a0y AXO 8 o [&] e .
’ e a = 1
s. am O » ..u ke .nwm
- W WS e ] [¢] .
w * m SBM- [ a4 - A o L
& A= e " o o
n ] E A 2T - N " wed
L Sl ¢ D o O
! *n g ae [ (2] m ot 4
3 OTmAmE o (2] o Eof4
! g LU e ~N= t* =< “
7 a4 1] M - " d
i . T - > ™ r oOW
ke "0 D B o - (1] ~ o aa . d
5 B0 e 3NN o n %] o afog
! WU g B - L3 [ [e] e WD L
,1. $D E b ~ - O= L] te :
i *a0Q Ok v@ [ 9 O [S I Y] o
[ 20 VO™ & - (2] o - o s .
h » o (X X2 - 4 (U} ” =] - ‘4
.y wEDS o~ = —~d - -~ a .
N Y I - oum - - - B ™
» EmFe=a ~ ~t4 . - - e
® o0 T NN =] 0 (2] (2] A7 L7 0 oA
#r) DM & PO € g " » O - [T .
ﬁ B F ST NG e = (517 £ 0 N4 - [TV ] N L
B A e W e N 15 =173 4] - (a1 ~ b 3 i
b BE @ OB e Q o . % -~ -
#0 GNTIEE ON U (7] - -— " [X] 3] [ 2] QT e
¥ 80 e d BHO~ & o - ~ o 2 Pt
. . M pandm N L) ~g ) ” —~ E) w e
¥ M .y PR QB M =z ~O ~ - ~ -0 3] 3T
B TGN & b (%] oy (2] o~ n e " g - 1
r BN EmOMIES D~ € ax ' n “a . » wn
- o 830N N o a0y P o ™ ” [ > € - T
®Z7 HIGRNE g4~ ] =1 2 € * v ”Oo - LT 1]
# 0O FS DM B [ad e w ~ o o~ gt o U — = ~On
B FMHDOE 0 o (2] o~ [ Q & - - =t ~ [l 3]
Lt MR L] .~ B Y - ] —_ o o> [ w) - Deay
' aq 71O @83 O H (7] R - [$ 12 T B [ »e €~
' 4.3 HEOSSm o W (3] el - - " W » - et e m
! "0 O > 84 N~ ] ~a - - =n SR et H XoHe > - -
ﬁ #O0 AR B T o TE S " PG TS I T TR I TR - S (A
N e T 8 N N 2N e - o) . ~ (R 3 D — iy Olirheis ¢
) ZOMOS @I et o eJUOd ¢ N\~ -l A 4 NMEHU s (2 3 2] 4
. BE4 OHATR D, o > W19 Moo= Nt ¢ =T o e —t TP, O
. [ R T Y Xigl ] U 4PN N 2 o T W0 S kBl M A Bl B e mRE 1
} B4 dgtng E4 HEIG ™ I D V)P e b N IO WD A —ORSUOM NS O (sl ] .
- T =D oNNT AN 0O SOV H &~ VB de) ¢ FANDTLYC T ZO s - EmOM Mg A
g W) (4G OHE O™ e, ™ OH™ O O XT o tOHO  +~HIELHN 70 8™ LU YN0 Hhat el o
#3 DOLHGE mIIRIIBI N OIM N QNP a3 3~ £4 1 oA VLD M)A N B s N Il ~ 4 & B D KCKR
O M MRS QTG N e B 1) OBy B BU R EZHATENZNte BRI HQERE g '
Rt ZEmARE DIBIATACEZONE R OO Winbe OQON M1 W O Wi W 1t 05O I OWELIagb-4h 452§ 1IN 28— ~7% ¢ W el AT o ¢ K
“... A AR VD@ EZ EAZE IO M- SO 1 3040 1 14 s34 D A1 S0 PE B FTU D o 17400 (Y 0at 41 d P2 haeBia (LB B LR BL f 1) :
-
' » » ~N - m:y "o o -
» L 3 ™ o~ ot o~ ~ [ o
w. Y Y o
I . I o
4-. uVLYLLVLLY L L ¥ (¥ 1V ] v L v Vv
ﬁ..

P DE.

.

e o . 2 TRk, %ol A Reul Aadhs




R

TLP LS Ve, W ¥V

T OV LWIVY.U S W WL Lag e gited aa b da il el Sl h SR i

-

L Tl )

-‘ Q. -n
L )

THE I!‘!‘SRPOLAS'S VALJE BETUBNED 1IN NEV
(1) AT (1) ,7 (100)

mE ON

-1,”

I
+I=1
é{tﬂ) =P (I)) *(X=AX (KI))/(AX (KI+J)=AX (KI))*F (I)
)

Js 1,81

{
d

3

O 1 O N rihm

D610 ™ QIO H D WE
MO O e 20 O OINC I ) WG I}

(2]
-

¥

LAt a

*
-

<
. VY

o
(o]

Aat

‘a'n

‘

.

'-l
»
T

i

Kl
¢
{

C




el o A S TR T TR, ""_'F"""'!W

Cpd k-t

D MR oA T i A il - gliel Sl Aanl gt Sl RAMEE ELE AINA L bl giar S

LUDVLLVLL ~
# - -
- » o
a5 Y - S
&2 uST - - -
80 Fa4ey 8 -
L X bt [} PR o
Bt pOGH B A\ n
- —oets & =N ~
® 1 e & e ~n
(X1} - o» ) »
L B¢ e, - (&2 [§]
£S Umwm & N om
i o i
. m MCB " > U~ m
#10 qEit » [ HNGe
. o - 7] 20 g
e MmN N - My
“ =21 S E) - - =
*m AEO7® .e 3] BICRS
L QeI (1= . £ (BT
- =m> e [ W=} > ] [0 e A
8= H = 8 »ry | 2] n o twh
[ X=] OUE o~ F4~~ - a; o [ I -
B MOZXAN  wg =] ﬂ.. ulem Bl
88 E2 EeB M b = - o mntd £+
Rl HOO S - L d o~ <H ¢
*E DZRIOBO VO € o P b O
a0 e elte ol E. »”» O [=] [ 22 ]
RO HEde 8 o F4n o 1R 4 B 02
B0 FAREV4MB I e (3] (S I o I =
87 ZHHMAIR K W H oo [o] St 44
&4 Qlum=am O - - - v -
- U e w0 (3] LI Y - [
[ N3] FAf i 8 e vgrne o = om . P, >=Mfe Gl
B 7 AR W) o -y (2] - —~ o [ 3
B RLOWE MO~ 0y ] [218) Oend £«
e B lOme Mty [ 2] [T ;] 15 =" Gl 6
BEr 4 N RITEY WG [ H oY - -l < . -Ot4 3
- -4 BION® ~ W m (2] = Ny v (2] S
LA 1 ST YYT. [Fls] [ ] m 4 K" HO oy 3 | mug e
- Ot4m  # Mienem 1 O 0 O O A+ mH M- L) i)
*# by MG IBU) o o »d - - e = fafe €1 Q&+ ¢E+ -{in QO &3
L0 ] QO B8 sdiy~ OO O O O Ol IO mE! \O [ ] o -~ At M
®U 0= e 3TEm OO OO iR Zr s Bid f¢ ey ™m - O (2]
g Xt D8O e € 4 fe 0 M s ot m~ mHige =
#e) U of #0m wG\ onNn_oO Mu mu OrIvig .m! [ O Gl . (o] estens Do
S0, CIOMIIB 9L Ce O AFHI(OHOFIQFIQ(IN 4O 0o N1’ -2 [ ame i
» mEmvRE R wnMieETme o B v Vv o (S L, (S, | (3] ] UmgHx (<
4 OHDOHE ERE - sMOQ O O O OWMObIN e, = Q o~ ) 82 [
® e [X] B UIQ A YO "IV AOD A~ m(IEIE O . > () o o~ (L] ENEONMIY Gk D D
MBI OLOUIN O KTNe ) M S @ PO (™ w1 ™ htutetetnmdi L2 BN )
RF NHDES @IS Dt (I Nl Nl N ASAE B () O 2 O - HHooGaial L8 1
"v. L1 OKIIQ/O SN oM N o~ MBI =M R MO O 0l WMWY - -u o
= = B AN\ N = ONONON O AWM X2 O™ % 9 193 EEBEEBER 8
P HOouUuR OO u(ﬂm o o0 ofi] ofe) +10) .-MZ E2 Bl =kt ONANOO W.C ONNNANNN 0 m
RO WAHRLBIBLER o Z o HEBHOD o 1O s O 1O o3 ¢ S A NOOOBE ~m o9 2 s, Pl -
P T A8 I e O EIIOCINAIMEINGT H €M@Y o~ w0 oO) o —NeoNTT e UN -
R HNPE 140 (W) cmME o o4 oD oDt o4 .EKW~LEDYEKBRE& aﬁmw:JEE-10 s o e n il - e
B LIS EICEIHEION0 B I L AT E 0B IR € of 405 01 00 I @ F4fa 0 EIEID) oF ) TARREBFIIIIW ~
S DM O® DIEIISHARINLOUUNINITINVILUVIUEIR VI R UIAE N 0§ —ixi4 Z0NOF Tt Bt
» OBH40iB O O o i 2 DISealidrgiurtDimtne: HIhl wterd  @0iBIRSE]  ~ UG OIZEMI N QHIHOLMGMGGH  oge o atnl
®O @G OSN3 B4 I 4D I B T 1§ 1R 1IN IHEHQER O+ P O YIGELIE BEDD
L] B (Dot 1324 01 X S ) N I - N AN~ S b P O O L T T T T 27 ]
PO DIOINE DINIT LB 1€ Qe brlialiebi batt Dt Ll BT ol Ml (5t [S1™ 00QVYVLLAY QOO
uL STII" N AT E SN HH I R O I B ey U BHBHHHCCFQ'.?FRZ
» -
» » Q3 =N
» » [=] o~ 2] o © O O00
» » - - o~ ™ T 0 WOV
VLYY (8] v v v v

. . . R A H B
9 N A .L PN ' y .k_ . ,,I.. g ..
. A L . . - ‘

P R o aca a4 sl ~ P

“anm

PO Sy P

-
.o

LT "
A
e Y W

R PR
s '{'."
Pl A

b WL N S A

- . .

EC RN %
«Ta 4w
AR )

>
Caiaas

ol
‘-

°
-~

L

°
L
L ’:
.f
-




d 3
_. o
L
_ N4
-. ‘o
-. -.
]
b, «
_ "y
: S
. s
L
-t
.
-
VULLLVY - [S151818 1818} v . ‘4
- 1] [X] [ - - o
- e - . » ut e 4
» . - = a = * ] -
1 Ny 8 —~ . o - = )
. NIl ~ (3 . . =) .
L} (2] - (S (V] & et 8 - L
[ e 08 (ol (=4 * MO @ N .
. E 34 -~ Qe = B 0ilg o8 -t .
- o we [ - EZ » nss = Sl
H o e o v . 0 * wnae Qug g
» - % L] —Hm o -8 x me tam .
» O e o 1 & Vs e .
» e = D b & HO# w L
» [ ST £ n - # O we (U] .4
- » wo [ -1 YT >, .
s B = 3 = O - i o B
- o [ S [ .« 8 prinre =] P
» e o) Om * & Fans g Cd
- " das ~ N . # MO [LED
» 00 ] ow o # O # Z0 o
L4 s e wl (X0 ] - & ~~mne -l [
. (1] P £ & - @il r
- Na » o (31 . 8 AnNIe ] 4
) fadma = -4 >4 & e wn 1, %
[ mme - u ~™ ® wnwre & A4
4 mume -~ [ « 8HQH # 20 <
L3 M el ~ [ - o - ne [ r v
. o e ~— D . # 95l wis o
» O+t [ o [ (e ren E ] .
M w4t B . A " B ODEDE o ] [
L3 fut® - 14 ['9) ShEAT S o= <>
s a uns E) M~ N . & O » e 1 b
- mm 8 -~ 0dng A M BB, O tn v o
BB AU B O o 00 ~ & MINEaw s (54 o
e Aner o = O . Ba Ul (e} .
B HUIRKE « N s - -» HFEOT T Y o« -
8ts M 40 Mm - ~~u ] * mas # 0 L] L
2D mbuie ] - . mo (= B ol o8 E] BiLe .
#0 ONWwa % — WE - # MFOkE - 3 b
oam mH 90 o M @ 8 BRODE - e ' y
a am JO8N o - e “. SH FNeOQ - Hed
B Negrd® « & HH DD M8 RIS Gy O - o ey
v BN OB M S M~ A ™ DB 8 . Ne ™ o Y
4 . oo Sy 1] w «. WOMQ #m ) % L
B+ TWrams ol Ay ox QN S MEELS 0 om o - 4
D MNEIEO H e ) teas M e o MNa; et ® T o o a1 B
" B0 M AR 0O N4 w0~ s #DW ¥e 3] (3] 9 ee -
9 [y OO~ IO o4 i [ 1] > @ Nk g~ own - o ot
1 4D WM Bk N 3 wq ™ 8 Q>Oe Om o P -8
i 20 B NRD = g - nn b B aRir® 13 L ] ™ [ o] .
8 . LGB Q R4 AR ™M 0 SARE By W -J [ = oY
p S e ", [ 2 o [ 2]~ [ 2] R4 PLIN g o Me [=] o '
v 8] DD HEG~dlem O ~O . Sot e sl H M - - - < o i
s =T TR e o e o] - am 4 o W) — = '
. H Y =3 E8325Sna [ ~ -RRO - B WO . - N -~ :
4 8 A BMKO OHOW o~ BREZ BRI O meED  # o N - '
. Bog MNP W TICIRT W) & n/633 *m ne = DLW !o oo Ne o e
4 54198 0T QO MDD NG RIDe: -4 BFMNTRE BN NOEH OO G OB ) .
I 35 P HomaSEIoN e Bro oty BRR0s HaHoDUBmOI Dk 0nD © :
. an NNHe RN ™ H IOt R EBZ LB DA BZR O~ m—wmua~ R ey cr
p - RGO IED bILION HEMCqCE # LEEIR0 OV BIOH nZOH g
e BEe EIQUS OBIUNUE 4 JEI1e- 1% EORIIMEIED 8 oD ® 05 YIRS I E DI >
b BV 4l ® Mt T4 BRI GG RN QI 8 UEHDIED oJH T ST BEOMIG Q)
4 8 L1 ® DB ANEO OMOROOOLIES Moitdf 18 DO O WM ORI OOt 10047 .
w n n was u NaHOBUIREA oCR! Gl fre 431G RPKI“ NaHUYUHY RO oot ogte SCSPFHE .
s - .
p . " [ »
e ] - O —Nm L -
L] L] O O MDD & 3 O
’ . » - © VYo . » o a) o o oo
u VUUUYL [SISTSTSIS 8} - N M 2 0o 4
y

RICRPCRCICE IR 3 w._.......... A .

S N
. v . . AR
roay DU S % a e a gl ke A o b d

. 'u:n. .--.f‘ NG .{.-Q

a2 aa m Salaa & » KN




)

1

]

]

_ LODOLLYD U L OULUDVLLVLLVLY (2]

. . » 2] » - E -

| . . w L] [ Q -

4 . = * ) L4 Qt4 # ¥ o~

v . o - : - E I —
. ] =] L) xn & .3 m

_ * Bt B - ® ke [ -t 4
. WO @ ~N * -4 - - (X ”

) » wh) « 88 - 2 0 ot *» P

. - e - o4 ~— . & i €3

. * wWHaa ne; »s:  o» e =3

. [ - AT T (31T o >t & O

. % Funina ik P ] (ST o, O

» [ XTa1) m & HO - [i%

y s U ine [ 2] * - -— ) >ty

v ® inhlwe . 0 gL # 2

- " HZo. [N *wn oYL @ i W
® (eritae o) LY < D . G

- » pibere nia ww oW LD
8 MDDy O L X >4 xn s Thie 1

Y » mO ® =0 . a; BIFe # FinInes

v . ~mma (ST & woe n e [ —

N - =T med # Qutn (RN n e

N & omae (35 » ¥ n - . [ XTTH
8 PO ee (%] » LI n -4 » DN
4 «Xvh [ BEER o A0 # (L]

.  MEe 0w S 1s1 ® M v iy . 2 K hnd
. U1 3z - »n mEe ol (S

¢ 1 wln =) # oeeg a <01 % (1]
» slet 3B zm ® 1 Z Bv ol Fblii

° [AXI=18 nT ] ] ®ineg O M A sl =181
T Q- * =, O flaTs mF-
sy N 0w = Bte o N UD @ (L1834
amu. O Fan ® ran, U Ne OFf 4id

S S OMNtLes L] [ X2 n; 4 108 o agr
Bl Uien (R LIl I mie a4y

ﬁ 8 Sad @ 4 H  B@E W QOVIE = w
L NS ILAT A (7] (=1 # 2y (IR Xl (33103 (2% -
8 DIFHE o8 » a4 ® G n I8 HZH

y »OFOL Ve - ' B LAY O ¥ umiaEe
80 UE - BEIOI Y4 IMITIER D »I4o¢
. sl L X2 — el DUy O T oMot
TR XY A O o vl S0 g w408 o —~ B
ST 4R . Ne ~” j=4 83 N HDHURO PO P
8 TN B0 ] => #nuins~ Or-tE M =i
CIRINT YT X718 o= o~ - ® tid~— Ol & = WMOF IR
S jan-tecy . tg [ o #N D S TR TR 2]
DM R 9y |5 (8] e LR K] mese LI
#Ot> ~urh on - (o 70 ] O BN 8~ NG
SIROANOS = (L1 o [T} B HONDNY mEIIR 3 g0 nwn
® IS e oy ~ Wi & LIP VI HIJB T o O dup
aDrte 0 0) —4J L] = B VP (IEDR U W) D HY =

t BINIZIS A . e n ] M FEUD SHORUE o Fe VENEHE
[ (3131 XET3) - > - - #ZOMNMKN DUmNELND O O DA Cuday
2 D..M v, SEY o, M) - e [ Xel X120 m NE OMalt S~ 11 2

- HOo.e e INO - - N o~ #U w [s20K Lz lua st Jaal; LIBT3
w. B LT B o> - o N » 8 REE> (OB R BIOOXONON™ -
. *x 0w 20 . OO Ne ¢« BOZmSmFH ¥ O EZEQMOQO0QAO0NU \
' 8 omes - MOZmE QIO [y «OL) 1) & ZHIb) RIS TSR wt] wefie > o o

8 M1 B HIMDODUD MW DL O~ D B 14E 4 8 E4OO10 0b) OIIIG~— o~

AT LIADNRTRAQI— Z ~HBO~ F (] S E4DNUEL ] 17 18 DS gsAa anuntant 1R
B IRLEIB QIIEIHEIL) IO MZBIOH Kot #OIIFHIN QHORO B ) W) Lot B 1]
Bt AR MLIDE T Y NIDHE R E TSI B niCatog  IGHI® 0HIE IEH IES D ITIO IR

A

5 @ Lol B IR AIISTY bl et imIY FTOWG O8 [AVLLNITPE UL P T A I DH AL A T
AL IR DSNOOUBEOUNTIBIEGO OO O 1= oD D4R DR e B eiG € OF IO ORI,

b B HILXIIS INHUUO AL DD RO NRD I ® OMm 1I5% 00 1EIN () I L) 3 L) U Frabed tig b o155 10]

[ - - LR mOVe +

1 - [ » OIS

] - - L2 L] o e

y » [ o - L] o o

. » . o [} o [~ 2o 1o ] - * Ao Y« X o}

OOOVLLOY - o~ [aa) * 0Q LLVVLLYLUD

Sl gl i

RPN . e . A
LPUN 5 d . LA

At Aat et d bt o it satsfa

T




> tn At RN S .-

"T‘ix’. H'f!!i.' tet

] . .. DRI
PO

[

P e
13 4 4

V,-1
i f”".?'
® . e

ey
v

T
.

v v
DAY MR

oy

Pand

ey

rw
.
.
'
.

L) 3 A0 Ao A B G Tie R0 it N A 2 T T

C.‘.‘.“‘....‘..“.".“‘-.“““...‘..“..‘......‘.‘l.....l....t....“c
5 PCYER 23IINT INPUT SUBACUTINE GR3EPCHER, 2CHER TUEIINE cpeip ¢
¢ DCSS A 2RZLININARY TEST 20 I sgg; T35QUs LINITS APE NOT EXCzizen ¢
¢ FCR THE OPEBATING PCINT BSQueST:D. "USzF I35 5:Quisisp 1o s5:33%° &
¢ A CIFSERSNT OPEIATING 2CINY IT S3AT IS SyE c35%. ¢
C.‘....‘....-.........‘.‘-........‘.....‘.“.....‘.‘.“.".‘.‘.'.‘.‘.“C
SUEROUTINE PERPI(HR, NPT, 10, 20) —
RZAL BB, ¥PT,P0,20,18C,25C, 581%, 8204, 5p10

10 w317z (8 606£

cail agabaéu .S)
20 arITz (6.6 M

Cali“esadm (BT 55

I7((¥PT.5E.1238.0) aND. (¥PT.L2.3600.0)) G) TO 30

2R113"(8,503)
30 condswae <
A o b

39:2-(5177.5-7.0527:205’(3.3275-0.0012-30)~xp:

IFjEe LT 4ETP) "GO 20 4

WRITE (6,0602)

Go IC 13
40  CCNTINOE

Call IRICHS (s CLFSCRN ‘4
600 FORMAT(Y PUT THS 20WER SZTTING YOU DESIAE.'/

. +  esYHAT I3 THE 3oaszpcnsa?~€
601 TOSMAI(' eséHAT I3 TH® POWZA TURBINE S2ESD fE2n 20
892 P9SAATL HORSZPOAER IS NOT ON T4E PERFORYANCEZ 4AF, PICK A LOWER &

* . .
633 SORMAT(® Awes TORBINE BPY IS _NOT REASCNABLZ. IT SHOULD BE'/

. * 1200 70 3600 RPY. RE-INTTA.')

FETOEN

EN D

179
. . I T T T e D T S Tt T e e
Ceates e L e e T e g e e




T

i Sl S A

L S il i I Sl Al I

R

. ol

T LT TRT

"R 2

- e

AT o T v W T W~

A

A A

VIVOLUDLVLLY

L » .o b

#1n P ny Q .

- D oW €0 ve e

- QO L X ) (L1 te k]

® i D (2] o m e L 14

sts m MO ® . My us [£]

[ ) N = &Y wo [ = .
N O > e 80 g4 o (8] n
LRI ] ] e H o [¢] =
rESEET) s] - 8« WY (¥ o — o
#1) MO D B MmO | 2T ) 2]
L] o.f 1- At By ReE 10 " €
7 MONPGES « BT .e o [ 2] o -
# g mule ity B o Y (] f=1 - Q
B ') MNZm BEy BN [ Qe Can =
#rd (ST 15422 4 an »iiw - = O Q
LAL TR ID P [T I & I IR [ 15% - = (3]
] ATmMEN A« N (RN [

®m t¢ Wt W, WO Dt - vy d
"0 ) BB A O L 218 0 E =
W, et @m N (213} = N 4
L4 —HO 00 # « M o [&] fe (2]
#E Ilaimed 8 Mo oty 1] [X] - -
#Z OH e 8l [ 1e] [Z] (4] [
B H TN RAOE: Bl o ity L) (¥ (8]
80O aInimiie DO n € [=] fay [
a0 OO N T e (8] b mn (o]
» Rt A NI B IXN ] Che o -

®O Q>N Z # Ok 9 (3] n o
BFm oty 1 O BT . (O 1T @ e
B4 mOMSHIN o e wn et a o,

BEe T MR B OUND [ 2191 o -~ %]
B e & 1) RPN, (3] - n "
»m eyeINg anmn -n N o™ (2]
0 ] ) LIGEE R I . o = = [ 2] [ 2]
BN FTUOUMKTOIE N INN (s 2.} g - (5]
# 0 HEEDDOHHE OO -4 4 " L 21
L] M) S P3Ny €y MY e O -
®IN G HOB XU - [§1°-] - I [+
L3Ot .S THULE T N 3 Il ] (35 O - -
B Fe LTS SO KD L4 ¢+ 0 n
L= EIRIZIEE - X1 BT own [N

#0 VPN O kN« om [ A ] n
Y el 21 NERO WIN n [ I~ BN Ed
B O TN 0 38 IVNHD o = O~ Bl
.0y FIFIA0N0 B Z 0Ll a o Hi-Eiry O
- ey TE BT - =D Ny Menls =
# 0 mUnBE] QME~ 0 "n X AAmO M
S OO IMGE D N [412] m Iy oF4
L pMUUIZTEL LSS R e W o & rwl 2]
W mgTtrd B4 Mo [ = ToA00 B S B L L® I
B4 DT N D Niel O o« N (¢ €
[ WY FoETI e T DAY ™~ g e @ WJEAM [=]
20 o) OO #M TP O MNP H 0w~ &
fm Dl AP0 U s TRy 1) YOO 8
S unitem R O Wb B NN\ MW o s &
B NNTAOVAR T NG O AU N N\« 0
B 3 LINEZET M U T TN PTQS

* AR TR Bl OXMB.OTS  HetuEl (4 TIOLE, o
8 1) et it 8 D FIINIO O n U mZolke U
» w0 gt i O I ueCiiog B N W fa B
B g 4G SR 0 o) BIN READTEI 6 OB IO Wi
»15 INDOWITIU# M - LUV hdedinl 16 Tutai~ I
» - UIZ Qe e ® ™ [ FNONIIZIRr) O Qg O
® L) OO OMR N m HtavOrabkte U My O
» ® &+ 4

[ L]

- ]

» -

» .

vovyLLYLLY (919 (S18 18] ULV

-
x
-4
(3]
3]
<
——— -
Vo (]
(L1 - ")
= [3) v
L3KS [T i
[a1a 0N ko] -~ ©
-y ~ [at .
F ot adtd a - . o
telel- - e (o]
PR, -3 3NN » [alel2"] -
(2 i =] )ieed AS
(P10 ILIR] as Wl sy ~
vy ~ Ny [}
DIQID mn nwn -1 Y
b ISR K- uy Q - o]
i . Q 3 “
X8 Lt 1T -3 OM=s o
V) » N Lad Ei) - .
0nno (D] 1 ) o
» 3NUL Y g ot -
.0 W nn» _
DRI 0] (2] oD (o]
AT S, O Hie OO0
-y M e« =NO
V) « WU L% 1400 (9]
QeedNQ 4 n W OO
-l [ g IO
T JedmNE o OF 10 U
(XTRIDTE10 I X i QO
ho S A Y Faxr) BMHY
& wisd i Oty » F A
[ XTe bt KL 3 bl W}
Bt s~ mavy Ooe
Qim0 WZmQ ey ™M
(RT3 HETe TN 4 O3 oom M
ot 1£4 » & Y 0OV oo ~
0 e NN H ZHOTNO O
vnNoOW Oils ZEPNO O
o, 2 (40 rle ¢ ¢ O
v LORINT . .

2.0013

SID) e

]

XL0SS) * (1. 0¢ADZLA®HL

ELPE®*Z

«d
£S)=(1.0eAD

100
Pt

1}
It

N+
(el 2
WM oy
MO0, e
(=l 213
[ET-31510))
(e le Lol {2
¢ et

1 = DN E 411 PIRGY ITIOON § AT &R
i UMD QUM s sNANANDN I DOLIY

el e QOZZ OO 14

[EETIT Tt J
LU A Ele GUALOMO NG 0L O G ke VON

1
0)*#0.203317/130.9

i
S
2 1N
g 23
199.

o wd HEm

U

Tt OO0
alt) » ragnt
=
P ™
K sy ™)
wixhy . N
o oot
QU .« OCO
e —NO
ObiEOnNO
e ellu 4 o o
ORI

T A S LR )
OQ e o ol
U U U

NN RO UQs) ZmZedt 0l el HITNMOUD WU b I ]

VULUUUI QAL —~l bl wpswiun
IO ODI N OBLADOIN] i 10O 10
Zm R AV AOIGIIR L MRS et D e D

*

(] <@ OO0
(8 e

() .-

b d alal oo -y

[T O Fetelll BN TS )

(S LS ] ) OoLIA
+*

PR -
v..‘ Y

. E W
t s ki

™

PR
s

T




v oo
s P
4 L)
1 o
' e
n OS
' i’y
’ . ‘ .
; R
' b
’ f
N
4
y
. =
1 ¢ .
’ - - L 4 ... (>
. - - -
» © 0 - n ..u
N (5 -~ [ ) o3 - .
’ » my 2] <] » .
j=) - j=1 ['7] [=] 1
y m w x n b . 9
o [ =] » - - .*
’ b L] E -] . q !
[$] IS ¥ (7] Jar] .
. [ "w (2] ne [3] .
b (=] 7} ) o4 (8] -1
] - - ] ~9 -
. + (2l + va -
: 2] —~3 ) O o i
1 . e [N AR . .4
e - [L IS - ] - L.
I ~ ZH ~ nne ~ oo
y - [ - el - )
’ - and o i rw _ :
, 0 - . n S1=) [0 ‘
i "n O o ©n niee o %)
R o od ~ (5] .o . o} oA
' s € - - [ ] nv [=] (2]
W >4 ~Q N >¢ nry =3 >
» L ny o~ (3] (e - (%) 4
., » n= E} » . AN » [Ta N
ty o~ ~N 1 e} - M o
. N [¥1a) - n (319 o M ot
-] Sl o4 [+] =) Lad] -~ =] .4
i1 [T} 2 o w no . w
Q [N&) 0 (2] nm o (=]
-2 n'g (=] Ld o~ L -
‘ * n - * - i 4 w3 — »
o Qun - o [sT S} =0 o [
. 7 OO0 . Jhoelecd ~HOQ OO .
1 L ) = e - HMUO -l =MNNO -
;. - [X*] o ~ S ¢ o ~
- o™ QOO » e JFEN OO »
. — M) ¢ igarm— P Lo X 1810 [Tal S S %7, —~ “
on Erge » on Mtks 0 tixtin 1 (210 ] ol
5 o) e B QO o Yy =1 0gu o .4
(e IPLe] Eanien  ehy O (IR IS] H w0 O on v
’ O3t uraQ 3] (18] LVnux SIS = O -4
-nn ) ol ez - [T [ 1 b J—"— - c
f ~ - oM P~ NH [ w4 OO & - o4
N 0 NIINE e [ a2le)] "9 o~ [aaY ] oy B~ & & s W @ ~a A
L ~ 0~ O~ s OO N O n1H o~ «* O3t O 1N W DN i
w o = <rnk UMt OO0 O N ovoog Vmenr U1 20000 O o0 nNOnN .
. oo W-j o 1D = N OO [N XTe] RN ND O ~ oOn W
” o S WJ_ > OHETQ.Q.O o o ONE [o] 928 1o} Cw..du.990 s 5 3= A '
. s s QONON HUKLEH ¢ 03 O O OO 0, €100 ofiy HUEHP » v O O CcONn 4 !
ﬁ oS D, e\ HOGIBY s s o o srem novU MMM e ¢ o e & .
A QIO DM &ty FE . IO OOBION 4§48 ez Wb B EZF T wIOODODNITDND & oL, :
/ MHMNDON | ORY QO®ie ¢ ¢« HMUEMADR | OfID OmOm OOy ¢« HMANMTIDIN 1O
8 H MR e 1R R ARIUOU M RN I PR o VI SO UM M R RN sl i .
» OO e DI $1E4 QUAUONOMNI LM FiNm 1 N (I QUNO MG 1N i ig K

t

-

P

ACOIEGJI=TIN D e d FTed€ 036 e ditehh = @3 Jed~0D Ul 257 .ﬂ. A€ 4rted - iy

LT Y e ATV V) REINDF LA U ] TR |4 P LRI TS Vb 0 Bl T

ONONNDHINNIG BIIWEDDIN By NONOOONAO. Befaly S LHLEBITIIOM OO AOMNONNE.

-VA.QACAIACO .&.l?—r.—l-ﬂ‘II\A-U\AG\AC‘\A.L (S LTIEE{ CRUTWY, AL 1T OV] [P 29973 I IR )t 1)
+ +

gr-—v—w—-fv L el I B Tadl muth ek it Bom 2o X




.

v T

.

C

k Thad

=T

(R ‘B B Al S St Sl &

T L W TN W T W LT RNV

......
.

DI0NNIVY

-
[ - .
% [ —_
) - *
g D, B o
[ U 115 B ~
st o=moo. €
no1e @ (&)
Mmoo @ by
() M~ 8 n
Q9 - » -
n # —
o N3 8 =4
[ IR U LR N T 0
[ X LAY hd
N N> B O te
M 8 e o
o » Ly [+1)
QO r~N &= -
bs OV B - —_
oy -y E
L Lo IR V4 0
Er O gl -~
LIS B [ 1]
o x U m
Usa"RER 3 % (R
Bl o »*tn -
U vl & =~ —~
d 1 %> k= 4
4 N N~ 0
¥ Ml B WD bt
m et BmmEs (4
O Mmi» #f4 vy ©
P, ¥ N wyF w
w Y BN . -
] bl RlebAle
U B vt 9
Uit AL O
~—

CF

ABULATICN

MGINE T

CES SRS LIRS AUERNE R SA RSP LSS EESE SNV ES R IC AR EEREA NS SAEE A S SR S SR EEA S ESRRNSTEEBED
-
2 2

(o BN e IC IR Nelit R A0 I)
o Ldbl Ne] (&1 2
VI N4 aeed L)
3 =g BT P
w o DN Dl S
RN YISi=T X7:1. N TeY

- +* *

L}

L d

»

»
VLUV

3C09.0,22500.),

-
rx"

~33T s e w s
-p s s OmM TN
DATVO ¢ e o e
¢ WO MO
ler I Sl e TAVIRN 131}
Lo BN Nl ol aad ol
QDO » s an
WO o s~
MO s e e s
HAPNO MY
S W
[l BE N ad ol ol od
Q MU & s un
OO« WM

AONE VN e e OO v e 0 0

OO PTNNE-MOIN
—r -

FI; O i Malay o 4w e v

[STRT ST TR V1, SN £
wHTR @D .« Ny
CRUTHeE B -1 S e

OO »wwww
oo 8 o2 P~
AO™UY s v 4 @

UM wD 1 &« ONNODOWD OY
AL Bt TS PN o T ok o i TS Nl

.
(¢
0
(=]
o
wn
~
3
-
o
.
(=4
b=4
o
(24
~
. s
O MO . e\
. s MO0

O W@ o v o »
ODWINMIUN 0y
v AN
O & W
~Oon s e

5

VO o O MND
OMND ¢ s 20

¢ N~-2 DO~ 0
[ 1o Lol fog Tal /ot Tot ]
S adatad
DM » . v o
N o o~ Oy
—OD ¢ v e .

OO T MDD
Lo -l ad S¥ TaX TR¥ oY

e & -
O 0N & v v
OO + My
oM * v o
OO IND TM™M
—r)—r———

- n T
DOV v www

ot NV
DOND o ¢ v g
QDN O~
LYo R Lotad il Y T Y

22500.0,

0300.2,
.’
.
.
..
A
o/

OoMmANIINO
- oTNNUND
(> B o {7 A Toe The T 1ot ]
S v
O sssvanas
Dy ¢ s 8 ¢ 0 s
[t ol Sadltala
~OoOrhN oMLY
— O MMM

-
-

O T =
o LTSN N

T L Y
[elallilade Zas 1o (o]
O AWNMNOT™
[ T Tt S0a Tag Lag [ae ]
[T lo LafaXad o Xad o d
) & % e www

o) e e e e
O wiITMOOVO

¢TI MM
D ¢ QMININIIM
OO rrrr—
OO ssasasn
OO v e e
LadasITalaale Lagleeli ]

-« WU 3O
OOMTINNONY

P bl ol oL ol g
OO A v s nan
O 2 v e e
e Y Aabamy (R E

-
o
.
o
(]
w
o~
£}
-~
(=]
.
o
o
o LN AN
[ B od Vs Lodee T 10 0)
N mmmmes
- .2 s 8 0
M NIITr?
¢ e
= TN ST Y AN

OO FNON@®
[TalIaXeales it Sl
T~ s 0 s s o @
—rryrey
WO o —
(o Laa BESESE SR Y
¢ SO
O DO~
[= B I I AN
OO+ T
N v
=M e vsans
WO 00 O
M OIS~
De 23N IE N I B
RS
fo 1o Ladad ol o X % od
OO s s na v
OO P TN
Eaae I S N N e
(XX RN
O TITIL
. PP ey
OO asnp o
ODIMNINOINNY

-
~
.
4
o
wn . e w et
€3 OOMNSMeO
f4 O 3T3IMY
. T=OIONNOVON
M rMeey
. ¢ o v g oy
D ONMDIND
o R EER
O OG-
N TOMMYYAN
(3 e=ODO
- N re
©y L I Y
[ elalelals el

O ceantae
Pt Yo Lt Lt X o)
W e DM NN
O PDMre—ry
—OorntT e

~O ¢ ¢ 0 0 20
OMOIOIMNHOIO

P N
OONOMIMCRN
D MOMeiNy
DO=— fMme g
[Tale laTalh 23R 20"
Aanthe INC T INE INC INY I

Calalelelelels)
D Ssevsssas

2 DNMNO MO
O DO T
QOOMOPON
OO -F 1N
OO o v 2 v v s
=P IODODID

- a%eaan
oONOWO I OO

" D™D O™
OOMm g ghaeoy
DO OO O~

[SESF PN
DRI Y
N OO
.- T PO
<3 MO~
e N
Lo JE SN T NT Y
[ale BN N
Yy Y DNONT Y
~Or~nmnNM= o
Lo Lade ol oY ool o o
QT e e —
OFf) &« & s o s w
N RN B
O DI SO
A IO P
DO O 00
WVINI = om oe pm ve
Lt LS N RS
LAt B B I B Y
O = TMMOM™M
(Rt da Lot Taland
O DOOOOO
P To tatal et STEe
OO s s asan

3009.J,22509. 9,

©OMD ¢ s 0 0 0
=IO S ON

Pl ol ad oot
O™ s o s s
WO ¢t e e s e e

WP OO T ¢ 8 8 9 9 DO FONDAONIM WD

FIImdB OIS IQ b4 & g s IMUND o R 2FUN R gt e c LAt v e V) NOOUNSD ¢+ v S uw vy

FIB T v W 2O OOOQOI SIS IO ¢ ¢ o ¢ 3 1QODINEEAINN IO DM M OO ¢ 8 ¢ 8 ¢ OO
NAIHR LIE ) D m s s s e 8 OO % & & s & & IOOMMIOMP™ OO NOOMNONAODOOQMD BP-tar o)
HY R MUOGNMEMADOWNIN FDORS MM oMNEMUINIOUWUDNMOID o ¢ s s 0 3 OM ¢ 0 9 0 8 ¢ ODMEOVID*™ $DOD

MIv™ s e s a8 8 MP 6§ 446080 ¢ MEEEECNNM MeE2 TP TN\ MO \\MeNINM™M Ty ™
N & e N2ON & e (P ON & wm e er | W rer el s s oa et o fd o wmmrmeree o
F4mO 00 D' 0ODWHO IOV O OGN & & s o o I L nas e IR ENNEM IO oo v oo 4D
N v s savsneuD ovrusansaseoeose oo o sOO™r=erjy 3 COUITYOUNDUY ¢ ¢ o ¢ 8 ¢ ¢ oD o
RO M TP IROIDIMON FINMME DD TUN 202 OO SIS E- NOOB I I I O QR MM TRTO

O s v et e O s e e OOIWMNAMOM O e ¢t e o1 e OOTULIRONT OQOTNOPOD® O
RONEOM T - F O DMID— FZONE = INIMMgONT 332220800 3 ¢ o 0 5 1 8OONOINMMIMIM O
[l B e R ETRITE] Siad ol I e 2= STRITaY Rlakad ol ad ol o ol od Rlol ol ad Bl ol ol od ol R ol o ol ol TV TR Lad ol ol ol ad ol od ol X1l

)8 7D,
1S T ot
IS Hi4 O
o D8 EEONGH

< -
(] n

LR 2R I R R 2R N J

444400

Ll
[a]

P S A

-
n

LR K 2% 2K 2R N 3

-t
(2]

L 2K 2K 2K 2% 2R % 3% 4

<
(2]

LR R 2 R X R R 3

-
[g]

L d

ANV~
-

I PR s

Y .
el

" ot

PO DY |

P




T

s S g eds et ]

LA SRR M

v

L auil S had aantn o

o "l MR A Ga b

e i

Y

e

-
(o]

.
L B ST
[&1a e Welg o8
[ Y
Lafaluiede da ]
@MDYy

Lo thmdioLesle ]
INITOD
R
[glisleTaN 1o ]
T v o 0 v »
Mt~ O
OMpr—Mp
—ror-0 .0
wNOMMO
e B SR EXY
~ MIONDVO
oD o v s v @

[olV-5 Io Walals ]

lal N No o X el

OO N

m=0mMOD™M

L R R
(SRS et 2 J
e v e s e

MR ™M—-"0 ¢

AR~ 00

MmN p MM

MNNDOTHO

L B Y

MMy

L I T B I

O MO HUY

[t LTalaglé Topt e

OO —

mMMmMMTNM0

L
oMM aintm
e e 0 08 g 0

Q=M 00

O I-ricy 1

A

AT

A T S B W)

O~ NN OI™

* et g e s

oMMt O 2

CINNN T

@OVUMRNHUND

——r et~

- % %eene

o

-

0

€

Q

A ]

~

~

.

(2]

1]

.

-

~N

—— ~—

[SE A
———————ia =D
NODODINEAIIO

INIEFAN, » A
" v o WAL e
F4F vt 1Dk 0

(R ia
PP NN b OO

» oo atitt v
[ XL SIEISITE LAl
NO@DO Nt Y
IO .
tututettetute
1T I IQTA—
[RISISIS IS IS I

M orinmMOMFvammmmmis O W
v s a0 s MM dcdd N D
OMem FUNMZ (F LI IE RO Bt d
CUOINMT N - OOt
R N e I I D IS IS NS TR IS TS bt A XN N 23 2]
OO et bl dr il DAL LEHIOD
A A g e el Q) 0
M) OV ULVHIONDOU K
trs e

[l
-3

W ®
g P\

TAT
%

Y

RS

e 'al.

=

. M --
. -
: T o . @ L e o ..
Tele 8 e h o R . . D ) L . A
RS S NI % 2 a2 a' e o A ¥ I PR AR IR ) TP N3 i — a0 ol




MY -V

L Va

e

[ ey Sl Sre at-G iy S AbaU B the ')

L gty

v e .

(819181918 811819 1) // o
- -+ - - [73) LT
- L) - Ulle 1] c o d
. > » [ ~N — Ut o

- (2] - [ e\ o ETen v é
- ™ . & 0. 9= ¢ T o

» o w e v T - EEE N o+ -

. € oo. ] o1 =0 = O - - .

» o= D o. e (3] N =0 o~ !

» €N "M » e (o 0O M Dh e o W H
- wed 0 » (3] o) S O e W m cod
» DLW M » [\ = w.d fal) Al R
- Zti)e m # (0] -~ @) 1) > U 0 i
- 4 D n & >4 o et % m 7= 0 A
* b4l3 18 D - (& - OO amd b ] »
» [STIL T T " o WV M Eet O

» DN G @ £ EZ O Il i i
- Q= <h, & ty (3] HH 4 o ¢
" nore [ (2] 5] - 15 D Wy W 4
. CHEIST- 2 (=1 [ Q= H =otiunny O

» Mg # - Ot hy =004 o DLl g

» mnm-tl » n =] U U e eetnas 9

- aney # v o (3] 1O N

» [aYialL] » ] w g N O M (3]

» MEIION v o o DaieFugb) oy

» Otz #4 3] wee Obf MY o .
" (2 e B m [ = £ e NN 2 o y
» e » > ™ =] - =g 3 NNrIIey  x

» QD hipl # = V-3 [e] De fe mO D MLZMY 3] 4
» o ueGty a8 o (X Ed e o€ UL 1423 ) :
406l AQeeDdn; B o = F4 - by =V IOS=D oy a E
» B X ) [=] 0 = [SLIIRT I - 2 a

B4 NINNT 8 . 2} 1T . (=] NN OGO « o
[IRERC IR LD LIS ] o - n AN SNTAFam>e = — .
®23 ReAANI) @ et 12 — " [ 2} S =) OMEeidlNed - .o
® O (XIS AT B 345 H. — (2] tQ Ny o Nrav :
g U A #E . [ O 9] N Zruf4 o0

am t4mO% LT ] = [X] o~ ~N 2O QGONIHE4 ¥

D HuFEeav: #)g - . -] 4 W - HId gaZndad D

am n LD 8 W = no 3] » b =131 171 3] =

. HIER 3T B OMN - w0y 72} P —~ Wt D Jnoinitets M

BE4 MAXIIH 830 [ 123 = LN HIHOO e

#D b Rbaos (%] = - w UHNO  HZB ) g

L. L X ra #0M = -3 om = O N gbeege I Balne X e

*> UM * ot ) T -y " e 7 U Oy « O v
B gzl BOF D p~ m [ 2] b @AV M UBMIOLIR .

L4 méretegry BRHE ot 050 (o] - -~ O w LV e 73 et Erd.uuuﬂ:mub.

#in A Fed BB P, Mg [ 317 T [ I L | ] M= mOMMIf it 1O

#) Lo # OO0 Id 0 - L o T T ] O 1 ke Otia [~ 1N

BH UOOSHIET B2 «mN\O s Qr A 1 w3 ..u ¥ B L4 QNN ~ .
® g iU # 30 +Q P~ o~ o [T T e eI @ QA o
) B/ X H RTEUFIENM 4N N = ) O ¥ U e QU OO0 MNn ZEw 2w

#H SNHFO ATE O O O —~t O ¥ N o~ [ Bd -t S [ LA SIS 213 [
®0; LHODM 8 2SUN\E =S O N, © Ba ke N\ M DN -1 V10 0= et ) g™~

# »1 [ L [ S T ey alll —0 M mEHO IOV —nn N
B4 HO HOT B NSRBI OO HEHONSM AN e O O et QA Fonfliadizreie .
#0 I eid @ IRl ZOE ] N SZOMOBOWO NN ocoorn - b A
B DAl B ImNSNNR0D O ORIOOIOMIDC) 0N 9 *O™ oy - g - -
R o LIV S HOQ T W OINEIOLINIG e we W AOZEOTOlile « ¢ = «le IIPIVIe & = » N\ LN
B Badede O #EIEMKL O MZIAHEID IO OEIOIIORIB AN I3 N NE D Dt ¥ LN i d ..
Rl GImOLE B DIGIIND N @I 4 S0 G S, 0y RN D tf 19 XTI TN o
FOU Nt A4 $O O OBH—TIKOHZIWOE) 1 61 ) JOUEI ) w>4 o= ol Lot B e

» Quf o012 s}t F A TR OIS E 4 JE40-4F 0 JE 4 B B JUI D Fiatr g4 xS N9 - e Xy ¥

L R AR 1T T TS B TR S SR o E ZTAb A Ie {4 § (&2 H ot 8 Y [ g I TH

B or MmOMMHT 8 DM, Qht MM emegitag | QU TN O [a1e) QM ) e

#p, HOMNEY § NGHMNOQIEM ORI RUN OOV NAN D Iy Iralry feley (1% Wefe)

[ " +4 s ‘s + 0+

» L]

* ] [l - Mt N

» - o (o1} oo o o

» » R b4 @ - ~No -1 o'n 0

UULOLLLLLY (9] (9] (&)

‘. e - T
e ° SN DN R

N R 7 . AN o e
.i.i» -DPFPmt k uL»lhtlkl- * Db)hﬁflyn. E




ERRE R T A

LG L L I e

Mo i Rt it Saft i 2 LN

LIRS R

S

AR S e Sl ars SPe ie

s

I 2

LLLLLLLULVOIVY -
- 1 ok
- (&) [ [T 3p} 0
- ke LIRIDDHL & . e £
L] LING Emait 8M e unN = n -
- NDWINEsfnte B A0 € o8 3 [
- QLA AE] - Btz OOy v? W o A0 ]
- e om Mk, (W 8w LoD s @ ) iy
» BMIOMIINNID FME € e LY - - ”
» HOMKM M & oo L3y n .\ (3] n o o =4
. O BRI B OIPT w we = onao n e o X 3] e
L] FaLin, P D B tim MOt © ©MD € te ™ 12 Ny (2104
L] MOMPIOLIEEN B R bauee m LI ) (8] -y (il [ 3
a QNN 8 St U -3 \odabat (2] [S I ng mF Ch.
L] G «HdTrdqd BId a0 * e 1 LI . = QU (&2 - il
4 BIMMN4B WY & ~Q Ohah O QOO - 3 W [ 2] O )
[ MmOt bt @i t wg H ¢+ OO0= [P b ~O @ wz
[ <) ratl, # €Y Wl e [T - B e > o (3] - D [de]
- TN B L D> o A O e, (34 m ™ . 0N (ol2]
» PHALDM I W) 84« UM m o~ e L LI =2 0o O
* swHZ nTO 8Ny -t - s O~ (%23 » w= I < o
» LHL.4PIOM T & 2T m D OeEenyg = “"n o [~ S & 0 >4} [ 3
L) THELT A 5> UOH<n D s s s unil w 0 53 (] and N i} -
O EEI S TRTA TS R TR ST o T | - O v lg] SN ] n O ™ « -
[ Ao OHIZEIG B s . e QN [ s w U ~ O™ He [a]: 3 (3
BEe D e QMDA §EaUTMN < . POOL > o ™ s § [41e] »
#D Fmorma.Dl i 8 DEROHTY w O ML [} [&] = WD ©“o (=}
# MFACNIFY 8§ 0OVOHLdR . o e ollp o v © ooN U jel .
g e L 140D B Becten) T T e ax -y 3% 1] Hm™ O Q- -
# M FeLT lellIm B . s SO 4+ -~ & a7y win 4 4 e o] »o =
#D Ly Xt BEan oy Q v ODMLRY ON ) t4 O [=] 2D By om o
#0N THID aeaBIIMY 8 DiEt)ige T O M DI (%10] fe Fo X "y 4y o o ~N
[ J [ RIS o TS BN Nel¥ LIS T 17 ] ” e " e # e [ Bt ke D e k4
LR =8 3 B eSO [ e B ol e U4 [ L tn B, k=] e n ~
B0 IEEBAT FI0 BN e g - ey No -3 [=] N V- vary .
B1e rAUiSfebitigR § W) WFi) . o . OO W - O o 2] Q ™ M - wn
[ A1) fu4Dn # Herit o O D OrION (S 1] L 2] [e] VO & 4N aine sm
®t 13 FID THe'Y 8 eqbowt )R [ () . ¢ o LVOD [X1p] fa 2 2 I - [¥] - fa le ) %
Bed LGt O WwiUim 8 PNt o) N e -e) W} g 0 [ 0 [ S —~
# MOHMMEIFEII & X aF» -~E LR - oitu [2 I (o] 0O o kN (817} ~Nwn
B0) AL RWEIT 8 2; o WG > NN o POo0moO &~ O -~ 20 B o iz} -tny
&3 o newmiuge & UM QO (L Uale ] = . mn “w B U Ua) [S Il (T E g bab [ a1
R N U W S HIARUDR [N L ad THERY. ] v o o' on -~ . Qo u UO » 4N te ] g
®0) AT Qfs 8§ M LYIY =00 - ey i IV [ - -] Q MO U~ ed Qn
L4 O U ® it o 2> mom o s EFQ WE B~ U ‘oM DH o> N Ot »
BN A3 Tl O BT WG - (L il ] e NTD® MEM™ N N - o o o™ By 4 e
0 0l tefaidll] BT WU ALl 2D ] 2w O Olufets I O etu 'Y @ 0 ~ & By s [ X of ¢
40 NBRHL Ml & e NQOO0 ¥ e 0 OB n ~d Qo O 4] «y fIn (¢ 18] [alR -2
#:3 VCHOMUME #$XAQUNITY TMNU O e 2 LA MmO e Mok 00 O~ - -Ja,
L] ZHem U0 O #— weriite ~— 3 w e DO EH EH QO mQ Q- BQOwr~ U™ [ 3% NO»
BB 1Y Y] o B & % e v Y NO W) WO M- B O Whd 2 I e - LU wiedcN
#E HPIObI e 8 OBUL M S NIO RN AN Fd B ) v M OmD omN\ oo X 4 - ~uiL
4D UM g BRI ADIE 2T oD~y o MNDBIHN ~UNE FenBI ) OO O 19 o - Ok
BV DO, MY & UMD N NEM 3 e Oraid €O HEHEH X A8 v e BM 0 4y -8 o
B COent OMIFIT B0 S i BIEeID WED o v o) I8 RN VDO HONNMIOD e N (93] (L PN
» i} FOFm @D B P wE v MUNZEMNEOD o OO aEN\"GiNGl 28 n'D D E NG g | [£18] 0N\
am OO0QOZEDDZENME WM kD> € o OO PO =IO § G dEnaae CWATEEI o & [+ all NN\ ™M
B0 MBI IS LMD MO 3 v o s o N\ IS B HIINOSETQ W) IO Hoel 4 O » de-tod
. NN LB AU TON OURNIIE=De=NM. Mo OidS . N\ NISHE sObemen 6.nmEcn? k-« o™= § ¢
® 0 WOl e m“t F4ND of 1 MEHTZNON BY o HiEt XS FIEMNMM ODEUIS V7 EAHI™ T s ON\Jug
R A H Y (RIS I 1) [ IMSTRILTST A1) FIOBIHING GIDOUIHE NG et 2 TNV AOD. BTSN §4 o Zi-n
BH tr MIDITNO ORQ VA1) > DOIPNY e -MIMDHD N OENMUKUO g+ O il NN e
Sk D Frtnd -3 [Tl 0T 1 O ENUIK Oy Qi 106k 10 W ~Ck 4% E 76 ¢ Qi 1IDIE I wCTIEE sk
B DT FULHISAUS M -y (2217 1R 11 FEINVIO DU RINN N ZIOTUNIVNIY Dot Pt e OO airg4t vOUI N
4 OEHIO MRS D (] Fhicdd . ODVIELIWG ) 0 ONUEULIA TR =W [RITLN XIS T6 B i IR ] ET.¥
&4y LM IO E [ HOvQt UM inib> € M MO a5 Y 1B 16 i 1O NHOQUEHO bSO
- a 44 o tese s .
L] »
- [
[ ] " - «©
. » "n - ~
VVVLLVVLVLULLLY (S JERS ] VU LV VLU U LU YU LV YU UVUY Vv VVLVY O
.
.
v [ ] e N}

‘e lal




. 4
4
» .n
.. L
[l L
R
.«
. C.
.,
L
-n -- h
g
]
n ¥ .
- 9] * 9
[ ~N - .
6l N m ¥
m (=] < 3 g . .
» - o L - AN b
=1 —_ o= (8} (3] 0m .l
=z U ~ ~ ~ i fele ,
=z - - (2] 0 HY e
n on o ~ ) > NO e 7 4
o < e elt B3 . (oL - D
e =t ) ~ (23 ” oo * .L
[a11}] EC R 1S | L N n o . ftoe
b3 [ el ] -_—m ™~ Lo [N ~ o
ferey Qo 3 . ) VS O ‘.
B mEEI ~ ~ ] = 4 ey ' 4
oty IR =2 won [ = et NN i
3] At e M o\ ol N L e A
- (g o a I Ed = . y
nm NNt - o - -— + O L
g wo . ow [T ] n [ [ e 01
o = Y « [e] (5 ) zZnn Iy -;
Fe -t [(KIRID ™) - - v (a1 2] =S s B
5] >0 o e dEe . - - (2] e AN « 4
- - mneitID a un - G T (473 ‘s
fra it LIN AR < O (5 W 1 e v 4
o O e O 1] QO Y QU ‘.
= (4 3O M R n A [P [ [
Q bl e - > (A0 [ >
[ =] (21X} U .« O ~N - [ -1 ] IS o
%] et o o —_ m [ wiy L A -
Q kL 1a) [SPNET L] o~y = [ >0 3 r -~ 4
" Tt 18 R Ia) 04 = Ny i .
& - B3] teixiGE ¢ LION = (3] ) 1t "t
mo O OHIn aom ~ S Ol (£ BN et
O ¢t (5] tm b tvt o [ L1 ] =iy e LR
ty ™ Riz] x4y hairial =] © 4 Sw A
- (217 - N @ o> S~ O i e - "0 v LK
m e 4 - [LE R v [ 5 - 4 > oam 3 o .3 Lo LA
[ (101 - monx —men I~ ~ - - e~ - [Z].- Ty g
o a; gy P [ETeEAT n+ 00 N - O NN - it WO
| 32 Q m ha 2L ] MNed o * o [ [ - - 3K . Zitd b4 o 4
DN 7] (¥ 1 HU 7 (o PTIN C X ] W NN N [$ 1 3 3] .
Ty [L10] N [o] & AT [($12] S N ] o~ ™ [ Bl ™ (9] -t . L
[ =ed [e] - nm RS ] e & H O ZUs & P
e e om (L) e € vy AQeR 8 oy O Qo onEHD M -1 *
n—as tiee = s 2R 8 ™~ e s Y 0 0 U ns .
g v?an (910 — (=] [T N OO [ Eda R < QNN o 0% [)m .
QO B © >4 OA~D e DD TN WoN— O 40 . -
"\ Al 4. mre . - E 2V UUIIUE ¥MWN N\ e VIIEN N\ [ 1Y LT
] a0 o o ¢ E ] OO mey Ny O reume o =m U L1
d o WO o8 M o (=4 . e [0k Telo] e kAl ~% AN [ 27-1 2 ¥ .1 O~ ¥ ot
9 [n] M Ul 0 Ph [=4 [ [ (X ISIX 18] A= ON ZO>S & b >4 O - oN .
" i wnio: 2] ’s] ~ i 4 14 M| O Om ® e~ m™ GEIL YR -EE X [T ALTST . R
> 41 e o noae - "o 7 VNN A~ it N oz QAo e w4 HreZ-HO R > UH— = o
s P freed® M <40 ) I8 HO RIEYINE Y DO N O O k1 bl e A O Bl §10) 'l
1 SR HHINSMSEey ey F4 N MEIZEIS IHN o) oM S B O N2 o AT Db iNrmS S 1) oD ‘e
: titue R et 1M P IR g e {4 F4NOLI 1 D "dN MO g HEI™ BUYHA—S & Q- o~ o' 1
I (XN} ot MOTtirg o o IDRLIWIAN THATNA Z 1N~ 4 ) MR e ~ONO t4 VISSHA 18 OO N 4 MEZ S LR
< NEIO KM Ie g (1O (4 IEIm—ON R # REIO QUL R ID-1LORO s D8 ke O LD TN IINO QNN L
F23F0 OBINQEIDET O Qe N e TOEIES ZONODEN T 140 O™ D ae mUOmMDE e UMD Zdke . . ..L
A (e 18] atiein o Omtin (A1 =L § D0 oG MUt WIS H st AN O AT R R WO At I S
Q) LI ImMAOD FIONE By ) OO bl lE=idiu™N ] Qe bt P U0 ~HOU R SO0 MO . ..A
b LY OILNMOILIIT O JHINOIMDE Y NI 1D D> .:V:F.A:KOCQSKR- UMMM SO0 M N0ty Qv R
a ‘
by (o] [y - ~N o - o~ (o} (2]
3 ~ E) * - "y [Ta} ) ‘0 ~
b LI UL VOVVLUVL VLUV LVLLL
'-
-.
b,
'-
b
P, N
‘-
-
d v . .
QW YN o W e s W,
P »-.r.b.lp.sP»L.lr : a2 o 'y o 4 KF.FL.\.E




_ .
.. 4
L] .
LI |
K4 i
|
¢ ‘o,
] .nu
. lv
' . ...
t .Y
¢ '
.
’ T
: .
, [
[ oun
' (2}
» [ Y (D] (29 ]
' ) “w -3 [L18]
2 - [o] o -
r < [ 0 e ’
L} o [@] o (75 120 |
b > ™ - ” w <w
4 m n (3] P n
4 * . - n 2 3] + e
o W N o« o o o] [ =0
4 N O . Q (2] Lod Q
w. - o< e ~ (8] (1] .4 b3 .
(L) —_ ) x w [:18] .
I z v U o~ 5] te I w gt
b B g e e P B a Ferp ;
N o 9 LR = Q ] " N
k W O w 5w I3 ws .
i O O \N U~ 7] m = . mo i
b be @ m tem = M 3] e
P. nox ) . (2] - O
; w. O e~ (1 " o " mA
' ‘¢ Iy =8 N Tal [ 3] = L7y}
h - ) o~ N Y a0 n .
ne L) ey ” (] [ o Q  Setu .
. [ (S} > = [ 0 N 2]
W o o B b “ =z o Ho.
N S . w0 ~— 3 0 (] (O 1 H
e v \\ s 140D 5] %] [ o 00 [
. 9] (S (o] e 0 = -~ S ke (]
y — . N - 1] ™ [¢]e] 4 (8] 5] oMy " ng (]
d ~y ] DY tay (8751 -3 (o1 2] ) 42 . " >0
. S 4 WD Q) (o X [ o (3] -t
w. ~ ® ) - hY ) € [T o ('™ IO o o
[T P > 1 N — - >0 = O o o e
-. NG D~ asy — = = @ Drie = !
b e~ = -~ e~ ™ [1187) "4 mon atio [ ]
Lt HOZ b - YENn ~H Oowv Qi e o end
' [ D N =Y B0 "n 100 oy nio - Pt
RLx) o tE mieey [ X . - y O I Lav "0 n oL
<M LA = NS L I ST no Ll Ze— L) v w@wno [ ]
\ ~4 > Bl et D8 (S ~ QO e wm v oo v v
0o E o BN\O )\ . -~ 2 0N - [el s Tl RN e DN g LY .
e —_ QO D # . 0Nm e — ~NZm—- N » “mt Lol P O\ (LI &
. VY O Do Dram O e e ~N UG e o PN JIT o 2. .
» ~— [ §] - isve U~ Q o M O ™m Wiy [ ] ) [ L) x -« Qi) )
. NN O O =Y >N\ O -\ 8 ] et A W e O o1 =S f
LEAR) n 1) Ot i)~ x 1% Lo L 2 (=] gZEe oY MmN (8171 4 " O
g LX) w W e iuige @ o« wnee = [£ P U 0 tiw ens [T
3 —~ [ ) QZNANEOU 8 - ~ote mQ [k L) vo (o1 1 - msN - [~ ]
r DU HHOH DR OV o -l D \¥ 7 -t 0 " 80 el wiE N O O @Wwm s,
. i O ZEoEUON\RRm O ~rUOY 2 P~ N4\, N s NAas0 08 Qe ., m m
[ SIS AN OFe it 0 TN\ - e \0udm ] TSNS | le &1 WEo ™ e ~p6l
I b ZEs HEHH iR  ZE HOD—8 4 O Of o NS 7 TN ) EImEAON EANE4D
4 N8 1100 U MITUNE DO U +BMNEL H O s s O ) HNM O H€ ) QN4 = i=4
b M) O ) Ofan Smt) N2 MNE2eY srle 13 FNOSMIAEDS Heold S M stne (43071 bl omie
R OB Mt 1w ) NMESE OB Dideem WO R OO AR QOIS Ui baI@i Ot tPui— GO0 Q34— 0
VO UNNEH It 4 QO Nt VIm - iO N Co L ATEOLIN 4 ZDonen DIZNTIM DN & =
3 N AT XS I e BIDER EINO DMEGIREAES N O MHIEA IO HIANONEINO (4 = RN ND MHAT
TGO R0 Udem Rkt oGO 64 B AUONEOYH BaQODE ¢ FIEINGOIDIE 4 I AN T4k sJEAUI "D pHE4E4 Lo gt?

UR R [RISTS ) R R TR N1 et O g 200N OD ZRaEN N OD st N OD oty UL D Uit w}
POARIOQ RO ENUN DO HHE R T AU N IVHIOO OIS0 SSI4G 10 IOO et O M= 160)  C2b L
TOIUE)  FIZa LM 10 MO ) Qi3I MIVUNNMNEE Ot M 3400 Hiungu g et D OUBLIQA0AME ) BB O :

CHRE AR

. + *
2
Y (] - (9]
> (=] (g d - ~
mn n - - -
’ LvLYL VLUV (& 519} (S181819]10) vLLVLYL (815 vuvovv
9 .

E T N N
PR
2 0, 7 b d g




» T
-

' -__u
g U
> , *g4
' R
h S d
#
P g
P .&,- 4
P. ...un\;
td
. o
o \J”
s
5
b, Jocd
b, [T] - N
3 -0 »
o HO 4
[ 358 .
I 413 e
+any S
P ey . A
b, Dakad s
oxn
- [ X E
]
b, [LYS 4
ot J
[ e]
h n o
[ 212 B
‘ .
mD .
h tin, c1l PN
[19% i N
- wo i 4
r4t)
(a] N
.
[
. )
e NN
a0
et -
" | 2l
h — O o~ MW
» ke E 4 on
4 ~ . ~ >
Lol (2] - [ ad
« ™M S 8 [ ]
3w i oy bl
- 2> ™ o
8 D ~NO & widd
, 21 3K st e -
. \O MNe® v v (L1 ) :
, XL X] rae—r Pelal) ;
gt 8 et O o
(3T X" Ta RN 23 . e
¥ q/.ln. & 1 @~—ve w.\., ﬁ«.‘
S s OZMETNOS M W
48 S et NS 8D BOIQ . d
o e B FIEe | (I P LI N
b tta 8 g dnXig e G4 O v,
' QIO R DINEY e T .
q LI M@ g0 1) Qe I0G
' M8 Ww B I IN N8I+ DD .
¢ NN ROUDIOITN U7 LI
) CIN NI Nl SO N S ) NMITMQRIE O
. PR LN LA )7 -1 2 L] x-uscs_e— .
b . e
] I e}
- .
) —_ N . .g
4 (¥} QIUY o
v
Y Y
J L
‘ !0 .
Y
i !t a
o
9 » %
b
! -lA
fele
Ty,
3 ,
. A
r - .v
b “oa . ,.-_.
4 , P . . e . ‘ - S, s ' I A . . . e ' LN L
e N M e e (S @ L S
Pa'afnls e alolala s aa .




L

Pl 4
PR

T T 14
AN Y

£ .

“
v,

-
.

Pl o aral aea el aeae aaai e e R g SEa g NN R L

e sea ROW AR oh A 20 s s d e abl gl ANR aeR i g gl geil gk B SNl LA A -

=
r‘:‘
o
@
-
..
P .
b -
L .
L
.
.-
b,
¥
-
-
e
N
::‘--_‘"J‘ .

[ale1p}

O o0

QACONGOLOOOO0O

P

LA

.t‘...‘...".‘..“‘.““‘-.““..‘.‘...'.t...."..‘...‘...‘...‘......-‘c
SYSTI® ONZ AATCHIYG SUBRSUTINE ¢
Iy THI3 SYSTIM TWZ SOCIING IR YD NGINE CCMBUSTICN 20 ¥OT ¢
EN 238528 aAgi CINPUTED IASERENDENTLI. A EAN IS BELUIAED o
358 sut SCOLING SYSTEN 70 0023d2E, SYSTEM AATCIIYNG INVCOLYES Tho
23CC35525, FIRST 9aK: 7HE IN3INE losSz5 isai:z arsi AT COMAUTED ¢
DUCT LOSSEs, SECOND NAKE THES FAJ PERTORYANCE wATéd JHF coofzig” ¢
CJICT IZGSSES! NG JINCTICYS akZ 2BESZNT. ¢
tl‘...l‘..'....“..‘..‘....‘.‘.l'..t...-‘.‘-.‘..‘.l."“‘.'.“"..t.t‘é
SUSRCOUTINE SYS1(SERIAL, N, FORKI, 4ORKE 4P, NPT,FIT1ST, 20,20, HUMID,
. AHOSTL.CEe0 . CFewax Ddval AB
RZAL “ORKR, H2,NET, 20, PO aun%g,csnalx anb “AX,K4d2,98,28, 79
. ZiLos$ akLSsﬁ‘?Sunﬁ,ap 3224,0836 0808, 2ve 342,27 282 fA1
- TR VI S E T M St LI L L P M T A T LT
. ISi,SES, NG SATAu Fu DELR
T e N P T TR et T L1
do b0 b oV dat o ab o o
QLA S ING dE TuE) LIS IS ald éroepgué beayd e T 138
SRANCHES.  START AND 5307 BY ZHE SEQUENTIAL INDEX wiNszE Iy ducs
. - o« dodw as
P=EIzisSTa-1
grEiiIsE(3)-]
=2I2152 {e)=1
a=£IZ15 {2
3=FI1SI(3
C=FIZ157{4)
INITIALIZE INLET AND EXHAUST D0CT 10SSZS (INCH 4G)
INIOSS=4.Q
ZXICS5=3.)
INIZIALIZE COOLING FLOW
¥C=30.)
INIZIALIZE LOSS IN ZRANCH 4=5 (2SF)
5745216950
) AITH ASSUYED LCSSES SEZ THE ZNGINE PEREORUANCE
5 CAlz INGINZ(INIC35,2XL0SS,T0,20,3UNI5,42,801,42,48,28,178,SFC,
. 554,3G6,0F F)
57 IgReRgs 0 o550
1P Py Q
) Go 30 '5do
5 CCNTINGE
IUIZI3LIZZ CONLITIONS P03 START OF 3RANCH 1-3, INGINE INLET PLON
B},
INIET PRESSURE IS AMBIENT (PSF)
3TIN2208 1430
LNLZz TE4PERATURE IS AMBIENT (D3 &)
I-N=T0»59,
36710 z=1,3
T¥pE=wdRAI (1,2)
JaT1=40RKE (&)1
LAZic=dcagaling
5afi=acR xR (I,
AP IR At b 2o qm, 1w, p2QuT, TOyT, 27, ATy, 2% 12.5ATA3
e Lo Nig ! ag o - e “y - [
33:3452155,?5}2,5. 3 3., 3. .30,0003.50.,3.03073005.,
o o9
DP‘I)=D£LP
Dp13=0R13+DELP
FLIRY (1) =PV
PTINs JTOUT
1I5=T00T
10 CcCNTINDE
BIITIALIZE TNLET CONDITIONS POR BRAUCH 3-5
PTIN= 2881440
20 11§s78
09362J.)
3¢730 1=8,R
Ty2Esddkk2 (1,2)
112
G ETA DL Tl . e - : et o




-

T e T TR YT T

CAla"ia Ria

=200 i “Sli Sl e Nt

i B " " Y

b

7]
(2]
- (] [ -
~” 0 ™ Lag BN Y
v . Q - - Lo I
X =) [ 0K3 ey
- - - o
(218 3 [ 5] [= I3 (8 B
- (2] m - -y
o~ (X} [ . oD (IS
L ) (=] o . g .
[T (Z) [N [ S tary
< [X] b 2] - o .
o~ o a . 3
- (2] (9] . e wy
Lot [ -y - -
-t - (2 w (o BLY -~ .
[ XIRd = o (230 ey
-y =] ke oD < o
(=N w N 2 .
-~ e (2] b -4 ~e -y
|- a4 e [X) (924 L a4 > »
[T (D] - LI} N o [T
- o ™ ~ . oy
4 [ Q [ 2t (TS
[= 2NN [ ] (%] om D = 2N
O . 12 | 9] 12K Q>
[ X L] - .w — 14> wn ft e
- . [ 2 . . | - e [} -0
(K - g €. * e
o (L) L 3 13t izl - .
) - -4 0 - O - wm Q.
£ @ [ ..w. e [ [XoY
N n -« Far Ny £ N«
- -t e L5 11" - - -e
P » ] . o) -
[ 1] [ 2 (013 - 4 [1:] L&Y ke
S o - ] XIS (23 te 23
-e = (=10 o0n0 - D m -y (o]
1o ] P iy DO I = o O = . e
H . nor i) Lae e X 3 [a L) LAY . [
[ Y e o IO 4 [ SN L] o Q
ney 200 H 0O .« o0 e a v [ S o
- Bl2ram MHOOVWVINIOO Il 7. LNES O 's -y ”
iy M4 e Ny [S12Y V-Jelal X Xalo] ey N n o gt le s 4 [ 2]
T T R R 18 ) 280N ZGONAIOD ) Pl Ul - 15 | = o on O P Y
e ool 0Ny notd e =B g 0 . T R R R ERLES u -— f4 2 Nt e nnn Wi~ O -—
OO o4 nm O ot o gl F IO L e lal oIk ) O o N Y O 4 0
ataateuent S o SR ) W~ [sER A AN £ aul] [ hasnntesaeaUNE 2 N © | N o 0O - "Rt ™ o~
mEmeoi~— &« A [ Xl=E [T R XoglVelod ol oFS | ~“minaim 0! « O . m & TGO, » D .
MW MM NN oM & CuE4 D o2 QU M im0 HENEN UM o« O O O KA Pt vf e & Qs P
REREDYO&G:U Qe Dm0 BN N\T4H ¢ I~ MoEmEOSD TR 3 () e MR R D W
OQOOCEH4 YM~0Of41 KHE! 2O 11 0OOOMO ¢ WG OO QOIS sl Ot ¢ E 4 L LdelaTelel o PO o
BIRIRIE I & sQQMEID HAMHOMN N0 M 1P O OBRREBINIH OB @ 2 COBRIEBMHT ONEON
-

NN PORATTNO I WORENENIN LNt} N 0§ eTO R OO 3 (SE R LT o K b Jo L]
[t il e B - LRI T LR L I Keli] HUQMOQIAILS O TN 4=y = \MV:TV.EI & ONBeEerIme = W D 8 Eadon)
Motaget, 164 HONT N MESAEDII N Rt B UVHIO 06 IRt JE? HIMARTIDJEIO ot ibIk ek rds g TROD: B Ed
PN TSI NI ZMIGN N UIRAGOO  WHHEG I ST —Z et D030 Mt aado b= 2 LI Tk
QG O) I B I QHIRNINT NI 0§ EIOM gty  INUHIE RO R E 0 O >ttt OO 444 4 bat 4
[SYSTAIRIS) O R IR0 TSNk 4O O 4Q O E 2% 3 B NHIOODNIY DOE DL IR 417% 1 NOLLINCNINY Ol ft4-454
E R BED 4NN E IS IR =

Qi QO e MO ILEZ M R B M 1O Q400 21
QOtid  QUHHBIH U HMOHAQ OHHAHQA 0
. ) . xS
o o n o w -
~ + E] wnon e
v (8 15 () (9]

e
2 ot R L) . i 'NRA. . .

- .

-

AL DR U P P T A




p— 7 ...#
.. o
2 .u
. -
4
. R
s
. L.
. =
J
3 I
IS .~ T d
g (¥} card N
. = ..
g - ~NN .
V [%2] - v e
y 0 (1 P
. o .e K
_ = - 3 .o
-t % " X .
; ™ (] 21 on -4
N ke 3 - " o
. al - w -
: ” vy 7] . ‘o
. --J Q9 olniv .
X " >y -3 (1519 o
[ -y » -tz 4
‘ 5] ri4 =] gt v
" L - (1 Y
,‘ 0 Qo4 [ m LI,
(3] e o [ [¥) L
: m > (2] =N R
‘ " Jiecy -~ L 101" ] 4
. Co¥ing (5 rO0 i
(X (33 4% 1 - arded .
, - ey N Oe » :
) 31 )y n [ YIS 4
] -4 R e ] [ IS 3 8 St .
M m OO 21 P B
, - s M0 LA NN s
, -2 140, [ 1] - L.,
y <)o) or BImey u? K
g € ud w) [TH1N) Moo e v D
) (o] p It LN =T [T I S YT ] —t ' u
v > L XX [ %] * - o vy
T [elE1V 9] f4 ~d N ABh Z 9
) o N Dk NN O s . 4
(%) mEanT N n e - . -
T o2 1iHS] 0] [ 5- 2N { RTXT] ..
I > ol) o4 = wn wN OmMme B
i O OF e -l . Oon F) ‘4
ﬁ [ a Oor nuv N - .
‘ Fr-D ~umE nO -« W
3 [Slela Qe *Fa) o 0 - .‘.-h
v 0 e 2 Gibretad (XE § U™ (§10) Ty p
2 =10 EXE ;] [o3 320] = HeEm .\:
v [SEXX] -rnoy [ XIs1e 12 <N gt 4
: (51 ~1 N4 Hg . o« M e
b S0 Ny st OF mm omm . A
\ EOD WO MEOILOOWO = . .L
. o VRO ol FAOS AP vy .
L P m HIDD) SBY e SOOUWOO MUY} .
T it i, QOS = QOQOMMNACRN anoo -
r. D . [glel XN QLR Rt ool od JF NN TR IS K
| o0~ H1éFi—n, OF™ u e gt g™ Oe o .
. Zh ey HAHDUNWNINAD i o » .
QQut anmcieeN® 84 DN\ \ID e N
)4 NNOF I~ LN YIOJ NI =« VD

0V O 1IN
LR IF T strym

eME I M2 Fhie \\\
[ e - T e g = fngnd

Hertl (G Wneatv) O NN o R R
AN PIOMT N AURILE a0 A H NLIRIde I
LA O fetl B, JIeM O I iNEIE kTR )
VI~ " mut ed VIR I ] T et Ieg t 00
el Iy oL aBeCiB IO Gt Dol ivEMN QOO b1

L2 R et el

LT A A A P

AT A SN gre SN o

EAE Y W TION R ARD) ONONERIEU LG, Wiy

IR U WV G W W LN W WA S

* *
(gl l g -l
(o] (=Ll ) o
~ oo ..
9 U U U v v Ve
.
.
.
.
B
T e T et aaa a4 fla s el b . 4




BURT T B T a7 T e T x T TeT e T AT T LTE T T

Ll athar o

| aa SRy

[
P

o~

«
o
@

‘L
L4
N
c g
.

YIVLVLLLDLYL - ‘. -_

- - - X e

. » - e — . u

L] [ ] » = o O (o] . .

[ a2 an o4 e o ] L

» mro B2 men (&) 0 - -~ i

. 14 k1. # 51 A0V ~ o 1S ~” . LS

» o> ix [ 23] - witm > o e < o

[ (X1 ] L] DEN I by (o] 0w ~ - s sl

H (S 7 D W A+ . < o -

» Functy LX~) COZ & >y © oD e

. Vanaea »n OEUmM il ] - ke .e .

» sH4 B4 [ 2K tzrut=te -w O - o~ ¢ L,

- Q=N [ X LR S P (2] [ (o]

] (37 121 14 NZEND 4O = 2 te o

. Ol g .~ P 0 MO o] - - o

- ne u &t Rl T ] te 0o Qo

- [ATOE 15 a0 A0 g~ = piw .~

" Zn-qid - - . nn, a, n - -

. -2 b .t > wg ) * ney s =] ”

. w W Lae - T e (3 [0} ox ~N . Q

» gt 40O [ I LI S A RN (¥ -— S ] - . X ,

» LETY .1 X L Y NanNtes UN (& [ - nno [ X]

[ ] EARY} BEY I, - e e [21.9 LSRN )

L ] 9.32% » B0 s wufe « M4 [§] [ s > . (1]

» (B PTe1X] L2 3N WM wWn = 1 I .~ (V] e 0

- FA4OOOW # & A oW ege o (8] e 2N =~ -

- PO 80 RO OH % W ] > nm - | agi 9

» (318 I &z TUMUN N4 m - v - o1 Do 4

#» FOIBIE40e B ~ MU MUO v N0y ~ <N m O~ =

- IO B OTINMITY .. o H fe4 0

" MmO KT ad AmiR G- [ 0 wir o vy © I

- 3] 7T R IMEP MY gy e (2] - =3-) [o] €~ ] !

[ SO B ODAAFINIUL .~ tn [R5 e oo [ H

» Fifrhelded BT STLL,MAIE « B n n - [0 201 (4] ’

» 8] (=3 RSP STa N S NS o (3 Q xo n . g

WU o] Ol B rER o i o = - [0 b Mo &

BZ ol M RNMANDOCNINND N [y H o (g} -y >

Bad P UedinEe BNt il g o te i 1o e A . - .

L1K L2} 8 Q OraH « Wl Y n 4 [ 2] e 9 om .t

B NEYIAO0 #OMIODAGM I D L Lad [27s] -

B W Fr 8 WMELY e we ~O v Ll vn n . o

[XZEREIBINIT) B0 wuNeed Pz > m b7 ] = . &~ -

4m 4 DI B o€ WOONAE b - e < ] 20 Q HO [ ]

D MMUiI4rd #.3 LINT v 0 Oy ne o) (5] | XN (V] (4] . o w .

810 TRIE A B O WO W« 0 ol aden, ~ e = O !

- QrtrCOid B 4RO 4 o o [=] (2] ornow u.. [ «> - 3 = .

80 e B O il NO i+ - e J n ————ly + -~ !

"z MO 813 wnb ) O 0 - [+ @nvo 3 Q ~rimMm iy n omnN o

= ecld - BPNAEHY) w8 4NN = BpINTSE » N (Nessane [: "] IO i

m a2 iy # QUM & M~ o [ (2] MmO . - 40N -t [ emts Lot

®Q VIIFLEG] #08 T 4etlY L N m ol —HIO o~ O RO w [ X1t et -] 1

B g Utn SN0 WHEITR W P e ] Q WZNI0 3] M Mot . [~1- 3 HON\ S ~

80 TDO 8> Defdat & wd0s N )R 0D - m mHE O W 0 H NG00 POPM SR YL AN

an [a} awn = U 4D D 2] H~ 0 I g ST T 1 T=To] ) wov —

. !w...w .D . w) rM%V!NZ]MS)\!\:\, Un o (W * .n.?.-nnuooom! .lh.nvn. % -]

80O MIOHIET 8 W MNNND QO R s~ FNIIOOB] OZT #0IN 6] PO OERERHEHOOMHED 02 ) e

= L0t I B MO W BZIIM G~ 4 o i O t] =B xRN ANND E N0 IS

B EIDD B aelt4 264 OV EGENNINHHEIIEIFI4IDOI O 13 BIBIOWIHOE T A H"CNMr $ B W01 =EeN\T)

- s IO 8 OZ NI 4Z: N\ NN N JOOBIE JEEUI ] O+ BIHrgm crdi et HOIMLT N DG DU)ix

"3 VY MY *D WHORTIIIVTO GL AL R R I e D LN D MO QO IutIE iR G JLd T HIRER O R

LX) M T 80 D2 NHE R HNNHO N E BB OHEI N B DO E L rtotrd MOHESI4IDLN # 0

B NI vy Bon 3 B 8 W BBIHHNHREIOOINN o] OO AN N A QMO0 OO0 N IO

B UYL ) #m < (X HEITTIINE AN N R TS AW TS ) B F o1 B FiHT ) EFINQ R

85 DIt D "y TN ILUINA N R N ZENTEU M b Q7 AHHLO QuUtunNn

" (T g B0 L HOOOLHNOMNENOAHHFEOOU VHOLLIV N QUMM >

. 8 +4+ ss0e R > .

» »

- -

- [ ] o

. » w V] -

OUIVLN VY v v v O (&) W 8] (¥




_ — .
- .
/ .
2 4
, o
| o 9
: .
s .
; o
'
w. A N
d .y
, 3
- R
B &
: 0 .
y u ot d
_ J. .
» - - . .
d . - . o
f 3 mo %) ~ .
> - . - s " < . 9
v e '™ te [z
. [Yle] sl e -~
A < . [~ ) [~ (2] 4
0 - e t - .
. > ~NO o] o~
~N . - - (8] - 9
-y [X19) e .
oz e n 2] - A
2 13) [37=1 (1] x € 4
[T 1 wd (] [ X [
a-e - . wy - ’
y - 1 8} m - ©
. -m o - [V ke
Y [ <0 €&~ - .
- g . e (2] - n
y' . .- @ ’ x - e
. " N N 0 [ X] [ 2 [a]7] > “
4 ] [ nie -y o Cebem N )
K ~N no ) w 9 o - - o
“. ~e (1G] n » oo € =
A EH Er o . [ [e] »m (24
b (] (=3 O o« O o [o} y
. - on o [Xle ] [g PV fe 3 '
- Fen ' . € ) -0 . .t -
. a§ .e ™ e - n [ L 1193 te -4
4 m [Xle] = lal 3] te "o =) +
. e [SEES ] =i o "
y o O %] [ m B 0 e e ¥
N %) i = e} n [ Q403 Ne
y fe L. -4 . - - [X1L 1Y -
~N2O o A IO 4 ot »
y n " 7% et m -yt e £ - .~ [ ol
! = 1] e - Fafie » [} (1] n O BN ke
Y (o] > (2™ ) [ ] -l e - -y v O NP - .
. (¥] (2] > 1o Q =0 5 O 0w oMo » .,
3 [ 3] te L IR [ YR no 2] 3 N L - ’
. - [ 2] XE1* 0n e W o w PR N~ " ©
4 =] ~ (=1, ] (4] (3] o 20w MO0 « 2 o [ 0 ‘y
- = 13 LY =] = w0 .~ 0 3 Fem VI ) WD [ 14} L] - B
y =0 P [e] 0 e P me A QOO DD N b
A L [ B ada L X WS IS (R Q A NM T =Y Xol=] AN CH A N o O ar-tNmen :
i = QO €3 »en il 0, [X] +3 N s e e O nove DD b d o N vwesan
! [ My et SRR e} - SIS nune N €1 0 $IRICGNBD A4
» i) He——e W) iy € (L et S I ] i~ BIVWN S ) ) o 9 - = N
: .3 0 e Nt Op = 7 -moiamm-eitt Ot oty e 6NOO shiv = Gt~ R
Nz B MMM N O S DuE [ole] MMM AN Wi § O Mel> o DM U+ oM MMM N, R
. Qre ™ V) O (A 5 (G v.“mu:a no 1 30 F VNG ad g 0 I Y MO 9 D Mu\l NN OO\ 444 7" SOgN o oG B0l () Y
‘ m U NMLOOOOE e N O E 4 $HNEOOQOOLHAIMIM Ot (181 +8 0O NOONO—OmD #HBMO OO R
ey o O Oz aaHKHD W2 H O BEEH IOMHEID 1M IOM e ds ITWb} ob, ONH QMR RIES ¢ .

. ) IR NN NI N O~NO LI [NSRT N N NLTE g Ne b To B e R LY FMNRNANE 1=t RN RN N A
. NIACIY O W neNmy - N RIS O R A= T (€ o 0D BRI o § ORNIAIQM T H NS 0§ RN T -
| U4 b1 :..A.AAA.MT GO aDg0 bt et et 6 FONGZIRD MESSEDT N WA N 034 98 LIt ot otot, § "y
4 g RO 1Nt i Jrf SINEIH T TR Rt L do8 " OVHHZInL U TV N N Ut 1€ OO e A4k ik st 4] et
» HEAHESI S W DIOD At Gt BN I ] 40 DN B egetrd DD L AT N FIEIOH NN # HDO Mt S e

L g N OIM D aININY OOV LR 57 WO ™ML AN IO OVt SR8 (44 NINE IO OF | 1OOI~F 172 2 B QN 4CIC2INY) ‘
.‘ AT BON AT IR b FiVieds AUQULS Lo I S0P NI :
OUSEIN Q0 O 40O bbby S R L R L I YT " P (e le] T
A EAENN AN TolWTe] . [B1 TN ale]lWie) .o [SIXIRIY] L) 40dE 1k (41 G =D U0 RPN
7 * -,
.
‘-
.
L o (=3 wn o wn .
~ ~” ”y < * .
9] v (8] v (8) (&) v v v M ... t
< ~
. A
y
.
s
v, -
g
'
s
.
F.-.. LI .U ..~.-.-- ) ! LN -.. . ., . ) ..n . . N .- .
H--.-”. e -,.\ \ukilw e I o0t et 4 o a’ o PO R B Ry




p
I
p
.
v4 . -
b 19 [a (o)
[ .
s - - [a (s}
B . - 172} Labat
b (=1 1) n (19
f - mA - Q -
[ 4 0 o-— - =
b ~ -~ ] n .o
X - e | 2BV} [C] mzy
. -e [ I < - [N}
(e oo B s n —ry
- - - [7 . n -
y [§) 1. . Q -1 ]
3 <0 [ ] = L]
b =] as - = -7
L] ) o = - et
R IS - [ 3] Pl ~ oG
] e I (=Y - am
’ = i €4 0 © . Hoy ()
=] i - (S 0] (M Z=tnn
P, < ¥ (2 IXY & =g [ inin
. -e - ¥ [ 1N t Hels)
m o] > . [ 23 ] (=30 [
£ 8] o~ L™ N Ow =
I* 3 = . o un (3] [AENES
, € ] [Xe) [ 2] [N4] f= 2N 0754 g
- w Do wm oNn OH .~ v N
A . ] O N BN 18] = N\\\
=) (e} N opgd [alEle) o .
. .~ Pl .. & (811 mor 0 MmNy
. Q o ] - L 4=t - e e s
[ ~ " I=lat 2] 1] .~ +  FINONN
! . O~ Ny e £ 18] ~N v
[, . ©n e ) nm b ve O Emholubn
(2 = nNe o oOm [ ] 0 O ses
r W (o] - U4 o LR -
N [3%=) ~ =, = tom o=l MO bdescece
Ty K n e ~ = @O WD - - ONhON
m. [TYERN (= ) [L] [ T3S D M L ad 1] [ V2 ZTmIL
e o o = .o Q w =13 -1 ”a =y
9 <O - = - Z0 H QO On= n -z D s 0
. .. n O [ 2] o~ H ‘O~ B\ =] nEa - nm Hmmx
(254 a v | o] €t o n e L 21T O ~ (51313}
. (23, ] Q - [P ) (o] 20 o~ o OhsTWN nu REnw
=) Il 3] [N -~ M (43 ol (1= 0NN Fdaag
. > [ ] o S U < O AL 7] t4m - O » Hmaod
3. 2 n P Rt B X TS | Za 0O DO d QL NN ommm
P wEe P O N weews il N —_ oY neox GWOOOWOO ~ a
’ Qam o .4 O N 1 SHHHHUNO - O W VIOt o~ UMD O I3 nnvi
LRt o~ =1 p——— @t N E o~ BT SR =2 s SOPVOVUA KUY
r bt At « B & N TEmeme—TY .« Ob v PHO a0 ~gdOnNNONR [alelele]
b N YMueuEr O X O ) HXKEMM AN st O D ¢ QRN [ Y e e Do S~ 1 N ]
SMIFPND M e V) MG MOdD N N ) ] 501 S TLD OM 00 990 sl Qo oo
. £ ORI ~Ot o * NZEOOOOHM sy ~OF4 Nzt U sOHOWMINUNMNILD i s o o
» CIQMHEDM B 2 O ORZERIEF & sOANHEIDR  HOHNANAOE  FHLDOWNNNN\N\ 0 DN
2> HAOA~UOMN t) VAOEH NN RN N-NOMN W] RLAEZ~ UKL NIMOINRE & nuwn
@ N REDI B O K NeNMT a Y Fabik) U] e O B4 NMNY IR Ble NN\
H OHITAT N0 olr b edag ot ag s b4 HNOE N HDEIMEE Rl 30 E 1M IR QA M D Qg 41D~
€ NEI I AD LI O Qibit fitie]et 2 {ESTHaY) QRN O «annoa ZEk e =
O MAHEHLHHONE ! DOMR @At liHE N BIODIN OR YR NH R W 3§ § kit laa o
' AN Ut 42 BN 0D HIONAY QO O 1O A 6 U H D B 0 LR OIMO PN a1 T =]
4 EIRL RS 2 4] = N~ A VI ] OIS A g (7]
’ OFTFTEIHMLOO ObBebIG, OrEemillUinmA A MNEat) 00 5,
b UHENtQUN OHEIH OO HERY ONOQQRIEQ b, tets)
L ‘e . + *e
r_ O e
o 73] (=] o ono
ﬁ [Ta} wn V= ~ U100
(&) [&] ¥ ) 18] (9] (9] (8]
N
b
i
-
»
b
v e m PR IR 4 < . . - . P
_n\-wn.\ ... 22, .... } . . h... . ...,.....-H o ..»—_ SRR .. e -
e Aendhncdeakesloci o doudiadh o ] L ST W ) A SR A~y - PN S W W

118

P

A

-

W




C

LLVLULULLIL
4

N o>
(TalalsiTal:-)
x Sl
fab1) 2
oarzon

Bl tald
Nkt

2
b
i

MO L)
3+ (215
oM

4 44

L T TR R R R R AT YT e

Y

O Mm
nHnT
[0} 5. .5

P S

. .

-

's

E MAICHING SUBROUTIN

k|
c
E
o)

[T - A0k 4]
|31l - 217
neArra
> (2L ]
1510 B
g ol beet- 4
VIHEIRE 1O
—HO wy
nZ=unooin
HIHHEINY

CHFE SR NRBEREEE AN R SALESEBC ARR S SRS AL RS SR ESLE LSS ESENSEESEESIC A S SRE X
SYSTEM THR

vLuvLLLOU

TETAT AT T TRYRTVL" WY

T

&

|
'
L

‘
. )
P P

C

PQ,AUMID,
L4

¥27,PITIST, 10
SoAcad, aché, fceh

3}

&
P

.48
A

WORX
W W1

N, ROR
E]

-
[N S
- e . -
< @Al [ B ] .
o w0 o o9 (3]
M) ST wN>e N n -
HAOU Witk >~ 4 1)
» AFEXOEIN & > 1] e
DOF A0 "n
A S Figtier K4 2] n3 -~
W% N - - ] ®
WEIUM & v Ny 2] (3] [
TN RIBNENT - - (L] (=313 .
» » SQAHEINY) o [ (o) Pl [+ ]
NENS ] « O 0 o > e
rerigs W w4l O —~ N =1 -
®ANONEET o 0 N e ~ et L3 ¢
MAMO W44 [’d 3 € =tx
- oL ENT o Oy 0n a f € [1X) O -
> wnis U Q w ~ Q0 [X) =4 [Xla)
o WZO - . ] < e [X1ed ~N
T NI - (8] (-] (2] (24 . [}
QNN wgu; & O - o ©n w [t o -
—LIPBINUS S - 4 - - mn, =0
¥ Lk WROLEY v ] (SN [ o3 O m
N MU Uk m 1= " O O~ (9]
MY WOINSDQYEG T 0 e OF¢ N >
AL OEIN IO v ] O o M aT -
rnuMmnaAmnm - o 3 (2] ) Mmoo oy
Ny NuO W-0BU) R [ [0 = =N m
FIOOITIEO s v e w 1% (S04 g =10
wl WGIES U0 n 2 v o (S]] ne [
Iy w3 WNIMQp; (2] N (5] ey no (@]
RN w0 - - = o4 j=d - o
AT ST, 0N O - s o (314} -
SUFIO MU B O Q W Q w [X1v zO n
[T o Xa ol - U TR | n o L n- [o1p7) -
NMOAUMNNM s s [2 BN i) ~ o
Lo B il SR 18 1c F-To TR -] (4] ) 0 = 0o e
MOFIAUH SN o g = - =N T B - I O | [ 2 RIS [ 2]
mDOOEMU s [ (& a2 O wn L] N - -
T s WEAe vy O a = O = = 0 = <y o
QU ulerd s e = o = W Q 7 w®n =
vt OAOAMNNG o o w b ] —=u - Qe Q
= AT v SREINO - [ 2] 9] m - o [ ] " Wdbe Q
A4 w4 L s o v N [72] - "ﬂ »om "o a Ui,
HAENOW AL IME - bt = 0 L w0 . =mOo ~
MO+ b 4NN © Qa ~ n o= w H ot we w
(1 wNEGJU sy O - = O Ow= x4 -— nunYO -
CGEAY) wlall; S0 O L ﬁ o3 ON\m OF 1 N IGUI7E =
QUM wuEH ~ [SIXT5) u w U . -
Tt e H \O w = b [B) Befra HO T Qe
W4 & N meeee 0 H O Pm (=12 s MEmNOO w0
AUldeg &« W0 4 MG O 100 ) o - D ”mn—u 4+ HO ey O m =
m oanUadiie) 2 m e ) v a . o MM Y= 00 &
- '—nn.. - lv”MDmMJMnZ.J“S,O\)\!\J\I\I I ot af L2 [1 Y W O WO mu
MNNNTZEZAQE il 1AM FNOBIOOMWIOET 198 NOMNO PN NOId ¥ w0 I 40O
WO i SR IZEHMEIAHEIE AT ¢ oF] 0JOEIXN o s 03 T Qi ZmM O &8 ne

[ L Lt
OZ AN G D> 0G
HIQEIT )

SUBROUTINE S5YS3(S

REAL
INTEG

*4 S Pt

CE*EE SRR EERE SR RS E SIS N L PEE EES LS LSS XS E LS SRS RS AR E S EL CER A BUF N SRR SR &
L1

*

D, —k
. o ORI N NPy - N L

OO NWNVINE F4ELAT A T DO 21 HB IO OO0 U H dav4ty
HZE\| mrerennnnued i 1HIMHOLEJOO— #1432 Nt D Y%
VIO OUMEE AT rem e = U6 | rEM Tt e w8 BN 2R 23
T DO BT R R P 0N IO DheHi

B 8 Bl O B R N O OQECZE NI OQ N DM Tt 3

TUIAEIN NN W I Belaebabiabeldrdmd I | H 3TN0 Q & et
[kt e CINTSN N NN RS Tt Bl AP LAV TN M Akt gale) Qides
NOANNOGNEHAMNU OQWIHHEIHOH X HOQEMO N VvV
*

*

v v 8] (ST ST RN 3 (813} (8]

P R .A..
B DTSN

IS IO W

SEID] oLk
i WO O
LGOHHN =R

b QEOEN
- OO0

117




— J||\JJJ
on
), .4
), s A
.
X ¥
, w
- . ;
] A
|
,.. x
.
3 A
! -. -.
" o
£ T d
2 C
\ N (N 4
s S 717, -t " = g
: [ag] el < o] 3]
. ] b = €+ ] - }
' = [ [] Q =
-4 oo = [ = Ed 4
J A talry-e “ O o - o .
4 ~ . = Q - o L (2
< ~e v NEop W a = A
< QZms o >
"IN IX PR N W O A Q - A
-ty [l © fad E =] '
. @~ Da W O m n = - ) o d
‘ .~ e [ ] n = N -~ 4 > o
- 2,30 Q 4 w m -~ - oy
. Otdng Fz [ X] L 217} b m .
[ 23K (SIS T O [s3: I - » n .
-4 =L Mmoo O [ VO o W o [Ta) “l '
I2 3 1.4 L, o ] T I IST N o 2 e . ._
.o o o e (2] ) UV IP 3] [ X} *
w. = <arn m W Q I SN . . ) ™ -
(AT e o = n 10 o7 oD o o [ C Ay
“, - n o - E R 3] L F3 = o 4
(1] (3} = O e 4 i = [T L] “ .
D oo O = o O 4% A ] 2] [} -
Q. ST [ % : HOAMOLUM a3 = 1 v s
B4 -t (2] ] 1 QIO mie g m =3 [a) a O e
- =3 U W FE O W\EeEO [o] Q "Wy [oF] o
4o ~N e [T ] # OB - 2] - (2 —i t e
Biel n-e U Ft D 1A MEER 8T s n =] = [
, [o 0 (2] [CH I - R [Pl ) [= [Ta] [N }
Et e Qon a3 6 O e Bt WG DN 2 [7, PRO n -
s, e e (SR T 1] O RIBINO UL~ 2] BREERL] g ] J
3 - TN ~% 2 Y S OEOMENS LY Q W~~~ 0 o [¥] O
.. L3 ouny et Z O BN | e XN D bd =St aalad =] Q
HO [ZFal~Y "y H ™M Ml NN MO V2 o 9 o=t = (=)
) TS <S50 ~ H = & FON M [P T e >
~ . nwm N ~ AE HE T O QO eeM e A U mmmn [a) - *
b. = = i o9 LU0 U i) Smare .S = —~— e
+ H . L TR ] NZE kel GH E ONMNOHE ¢ n U a0Coa; o nmu h
8] B4 0 [T 7 1= WH HOR H € RO TN ~5 - LK o (31815 ]
RS LS —~ 1O 2] m-d 2 o ™~ ONRUn 2 it NN ] ~HOO
1] PR NE 0~ G o M WA ] ~HEMU TR ) <. ZEeNi
[ N NN E 11T ] OQMON K ENRIT T # i O O NN\ 0 mag .
9 O N N st e AL HNNHUERUOARIIN 7 HHTDNNO0NH OFROLoLUNNMNG VIO ~A'N | |
’ — A4 wWd 0 oG etee = ) 2 Q] H et ) ) DR AN OO ® § O [T HYRY 3E- ST
la  Q YOO W EDOUIO I -shies i < I OIS B UROTN I R R HEHEIW O
' v i@ s« Ab MUBIVBINANTS X8 il 11 O N0 5SE8 MIM~ymy e} L XX X-1318 b
L o v HAN M O o+ Okt 0D o) O~HINH\HNOZ W 4 OO - UN\USereieH eHxan QO
' 03 1) MG UEGEOI0M-INE N D ZELIBIDOZES O o~ O H4 —~ ﬁSO(@DR(/ ﬂ)m QULEM > xm
; T et FAUROOQOEIS ilr O O] ¢ NUmTmALEMNG 0 ~ZHNE0N\D A ZATOEMNS S S gt O N\ N\l o
¢ IMF HAAOXERZHEI IAMHEHD HEHBEN P HEHZOMWEE [ (OHNNDOLINUHTZ oS 0N S # 8 (b | MO 52~
- B SENN N WG «OHO~TNO  E4 DIFetN ~— & 301 3 O 4 LTS IMNIDEE 4 MU | AZONNND0VN

#2320 [t lle=rymr 2
D 4 IO H Birt et it oot
[P T A AN RIS XIS B | X

HEie

HZ ¥R
O N HIOQ
BRSISH T e}

hade o te Badats]
SHWUOMEHIQUOUMA NAQAEEe

A AR b
Iy HEIHHDN QRIWHTODHIOITOD KM

WD I VLI DN DN b

HOHLA N DZOXHMLS Mt iOt .HM.ZM O
)

046 o= =HENTT NON OOV

m
VUVUL L L VLV VU VU VU LU v v 0 v

e - A -
s e e PRI .
e e T A i "

€)1 MnImm
e Ol » LOABIVIEOMOQOLIIWN-QIIN # § N2
QI 4~ N (L MO ~H NG 0 U IR L4 FIEb bt Bt W
WZDQANZY | DUWTIDE N I DODEOEILDAAWDMOY ~N
g g ) NIONOMO VO R il o IHLBIVHA D O0UUCMUSIM N N Bl It 8 0QUUEIEIEe
ZINIHACEST U v LR T IR 210 H—FI UL ) O QU FNIXIIEF MUV EZO QUMM
OUIAWO OF I HNIINRIARIOF OO L FINNTITEN QUL L VB B> OINVINIOT: M LI
DHMFBE NG D et S 4 HH MO O T e G o i O 5 3 b U (et A b ) 05 oG 15 b et




A\ g 2

LN - -, - v . B vyt - ‘ . . - . ' . - . - o - . .
Ll »b-lulnllb_ >-k‘..~ .L.Pﬁ.n}.bn[. }&.r . PPy S PN o ™. F R I O W S IN) e PPN S Ah oA RA Ao Las LI ) D - S

-~
ts - b
(o) -y o3
- ] mo mo
g &, < . o>
-2 [ INY i n
[ 3] n -y ~4(m
« 1] Q. (37
a s b - o2
- [=] N NS> .
o 0 q - . L
q ~ vl HO (2 .
4. ] -l <>
- no N«
N~ w -t L)
-0 x - . -
~-o (] <x T.
0 . [T Le o
1 ke e ] -0 <0
wn <O o N -~
A . [ - L&)
] 950 " >m w >t
8] = z e ) U
P N~ =~ Nel ~ -t
- .o o t4-q S
13 [ Sind -oom Do € ¥
m D . e U Qo ) O'e
O e b | Xlo} = [E15] N
o) (¥l ] n 4 -e -t wd C
o .e - o Et . [ [ IR )
[ E4 o t) ] ] o om !
oo — [T O - Oix
" Q- ut w [ w [ 9]
= = K31 w O > [ Rie ]
O o bs 24 n b -~ . [F) - -
- -~ n Q ZOO > .
COOK P e %) 0 Herl ©n O !
—r Xl o = [XT2WN = [RIs)
n TS > = O - Q - )F4 {
[e]ale} 1 . tHo— - ¢4 T O - Zett 4
—~ IO e MOy € H o €4 lallle]
¥: O (7 SIS . [ Y] n | 218} %] v €0 !
(3} 000 2] B4 e M0 o o [l O o w L o] !
Iol ITITE 7] e~ moyka [ =] 1] . oM = n s <0
o 4] 0 ——— & Y - n a9 n a4 Oy o n U (G
o it 1 O QO Ao X1 Xe) v v O ~AONMPTHY . (8] QO AN .
) —— W = s e N3 s Ny noY [B1Y.] N v s s IE M M N v e e 1
[ oOOH 04 Dl lsie i e I | D asuIe s [ AR DO .
b > (& le &) O U a0 ou F b~ 1etnid W HH™—ie Wy W [T8] W9 HEE w '
8] o o odd 4+ A moEm~ ss Ob [31ed [= TS ] o Umainioa i Nt [ ] . iapmaai vl .
(2] (oo lal:o O H HMMMNANR] Ny [ ]I ] ez H XXM n, 0+ 04 =0 ST 4 4 {1 e ]
MIEAE4ES v o oE4 + B4 MAQEEOMOSIOND [--jotad O ™ OO GONMIM D [ HNMEEOsaOI» «
13163 M =i o 1 BZMOOOOHM™ WalinN Ot D v v * OO0 OHRIRWUN O E 4 HUBIOQOOHH » !
R $1SISILILICIC ) F H OEEREHE QUHED N0~ O] O H SOXEEXH OMHEID ey H QORI R WO
NOOO ¢ ¢ o] “ BEIEHHNUNE OHRNNO N Eetd WD DX W 0N3> NP0 tie (IS NN ok A st
003 T et 4 4O HNeENMT 3 BB AL 1O ~HANZTO B NSNS o NI D ) BN« .
AMOHGEIE ] OO ol agetotrlmt HOMNZ ) DEMEEDHIE 34+ sbldldmegrgetr It HOILTE N DT [ALRTRE LT s SR
NN P UHANAEUEIEOO LBt B! NPT L) ZHOMIVOOH ikttt dmdrd  “TIHHIZ T DO MEIt it dtO .
MO PR S B I DOIPrt R et amterged  DaOIHELHE 1 BIOFIE 104 I & 1 DOttt Gl ) QU HEA L L) B4 8 DN Dt el g el o
FrOUOUERRIE N DZO L™ HOOIOIAOUY QOB M EE4RIEAOR ) EER B imacibianNnnou AQQBMAE I 2 NN QAL L
NVOU~ R -NE: TN~ IUEOHHIZNG EAS IR S 2 '
VIRt b % L)) B105 QO QMM QOHZEIHLOQO QmE =40 .
(XA AZTRISIE AN 1,0 e V] a) ORI Ot dt4nuUN QN U W
sy + & +* ¢+ . e
!
- ~ E o o '
lad — - o3 -
|8 9] o v v v (8] (&




-
o . ¥
" [9) .- -
4. = Mo mO
o o s Ll
sS4 o Ed (2 €.
et m () O 0 <M =
Pt e a. o N 18]
Py o ' N .e 0 o) e d
=t E4 ot ~NO o o [ ™
g o - . - o - n
o - %] L . L2 Ze
- =) B4 iz w < 4
['317;) () 2] na » 0. wmo
) 4 -t - .o Hee
(B 4 te -~ > - -
30 a P 1] ] - . i
[} Ed [ 1] s x: [ 233 (i3]
. [ 0 - [ < >
O %1 72 lo 1] (= n s mEs
'ty o - - + wf) 4
Ot [ 0 (0 n o~ L 1wt
(A3 " wn [ =] (o711 3 [] L3 (AT @] Lok
= »1 w ~3 +* @ .- =
=N = (] Q E+ 2 — XIS Vb
Ol »4 v I B2 .- x4 o (318
TN (5] Q. L < ol 4
[ [3) ] — HO = ] (219} mO
L] n — . < ¥ -t nNo
Pae ] n I3 (20 03 fu . =]
me4 -~ [B] . i ] m v Sm i
Dl (3] X —- o~ ' o= LD
< 5] = ol [ o~ HU
mo n [TV ey O o Dyrd teong
[ TS - »t L] - S | V] » - w (5203
(3] [a) o (5] =00 =] . [oF: ]
LI 4™ 5] ~ND Hrgks H 0w HIO ~ QLN
P01 ey 0 hin0oHz, Fiby D = s €4 O m-.3
1) - n o N -y e o 0O N L] BT
QA O om (3] [p1elV NI AT ] e €4 M B4 L - T Q
Mo N 20 2 I ENN H e N e 0 HB O [SL]
3 0] (3] + n T Ll e wn [ 218 Q- O v [SIS1V] [abetad
M o MU on B3 \OWOHDB o v o5 (%) [sPle}d Qo Aa = 5] NgO e
WO @l e 13 OO | | WO 7] . O » o= g o0 s T o
Ll e N WOMONNOI 0 e f 14 Mg e =+ O N\ w om0 D X3 o
51X n nNA Q OO . ¢ Q AN s (S V) Q AreiMrd . =0
ny - DS "1 e 00O ) N e s WdIE Ay - ™ (S N L O i,
. -4 IOW i O ¢ S QALINNIDIY HHRHUOQ € = I B =HHHHUQO )
» » [ S Y 0O VN + +ng o2 O HTE W [ I U IR e s W e -
ap e RO T ©W # RN Aa-0 7 Eeime e Ob o ¥ =\ e~ Ob .
Y MeQE+ OO LD P M nmrm+ 4+ 0 NN MO, Mt O = M H MM MAO0 S A DO
JOTD R IO Y- N0 DN 4 OGO ND MLTKRRER S oI D )
. MO M ¢ HOUEI ¢8O SDOODD13G PHMEO QO OHEITRIIN O + IGO0 0OO0OHH 1P ~OHDZ
# OQHIEIZNIN) SANEOM V-] =i, of) NH SOBEREH DOQGHEDE [ H SORE T WO QMDA Ll
"N OO H D ER(EP e ZmHNN AN~ DMy 0§ § s> Q~TuOonN 1 D BN N it S Q-NOOFN
N HES IS CH O HHRO@M—F IO 2 I Nr=NMT @ P HENDI 0O O HH=NMT gDl b # ETIOD
HUNNGZ W SNTJED.DTVTUEU._ W oot ] 1) VY364 o+ [0 el rdotrgodedbd  HI T M DB sl Lletatadat s JE4 IR HDMLTE 0 4
. ST SRS SN H Z ORI DIt QB bl TN Z DU Ok QL et U b i)
2 QUOHEHO G I A wt Il BIEHOHC NI NNNEHH I HDOM A gaad  MHEFHL IO 1| B DOt a et QD Os i HE TR0
3 AL IEIHE I HEIUIOHQEOQHEIOO T (22 || N0y QO QUEHLEILEZ e oty QOO
3 P T S M P17, TP R oy PTG ) ZHIHZSE
OU ) iy QOIEEMIIBIZ B L HO O Q2 LIHLOQ
¢ OUMEI QUHHMEAHIHH MO0 A OHHOE1UN
. . + 4 + 4
4 ") (3 n 4
. ™ B E4 n
y (819 oL (819} |8} (&) |8 (9] (919
-
p
£
.
£
& 3
2
‘
-
v‘- -~
® ‘.- L. e |

. . I
o a o Aad it 82 RPN Ao 4




T e L™ .« 0.

A A

CSalS N e T Y

-

T W T T W

RO

T T W o F

T
v

B

- TwW T W T W TS W W W

- . A
8] ~NONCD N
o LI P
- NN . -
—— A
«“ 12 )
7] (o] -~a " . L
=] » e S
> v ev e
n (] mMewm .
m - ' ] 9
te 172 -~ T P
n (%] - [
> o LT ofe oderd .\- 4
©n = aLUL 4
= -~ »
=] - =2 o ot ot 4
H - g s
te > auyad . L
=z (27 (8] L
[ 2] o (8] =unmnun L [
L] - e 1410 14 .
(A n -9 n oo .,
2} [N -~ CA Ao ] A .t
woow o & O~ .,
m (2] 0 0 bese o
0n - L -t L
t o~ T  blinyr'n B
o -3 i o NN\ .
P 3 [t {e] [ .o w ™ )
-t or a RN ' 4
fey = =Fe [ o £
- " .. 0 FeNN — .
E 18] 123 —e—r [
- Bind 0 vt Q4 Zifaylrala, 4
[Tal m k' N QO sse p
€ 10 «. eoe &
na n SIS WY Erevese .
(2 5] n «n m OmuNn* .y L
=] n [T 0o ZN 2. s,
O ™~ < oo sy —rey .
e on ~ ©e 0 oy
noraor~rg © . - - et
0O m v L ¥ =y [S1518) Lo
o D o= Hyun i emEmE AL
> N B a4 DN Pt
) [+ Ths o BN 0N & Hengod 4
[BiTa]e 31 ~J o~ Ommm -
Pl i el QO LOOOOONT Ny - . y
O WO DO NN UIN i
o~ t o~ [TURCE Vo IV IV 1. IV IV, Y& T8 Tl 174 175 17]
v EHOO DODRANDNON [ lelale] L
D o [S1S1 R0 ol ol ol ol ol Sl S L] {
€] MOl = £~ ns ¢t e e - - - Y
o GiEt ¢ FEHOUVWNVLNDO “ceow S
W MEOAow DANNNNNNZD  biand -
0 FIZId S A MNMNI0OZNAT - [TalTalTs) 4
SOt MO OO NN P0G e NN\ Y e
D EMEOIURES 1D1R N0 U O Ny Q1) =D~ P
A AL AU IS ST R el alalalalals] mbete =z e
bt NEOLOOBI NN HH NN NERHg o . '
HHEHE U E RO 30D OINE IR | nd t
Zuuy~— Uded o= (4 TININ T HH TSI ti ot
QI St QUMM OO0 [} e
(S 1l N ONAONQNOMTED iy k) I
* LR .
[alelod - g
o o [=1eT=] . .
o ~ [Talriye] Tet.
U Vv v v Ao
AR
ot
‘o




L]
.
A
s
£
vLLVVLVLULUVL
. * * - -
p - L} - (8] L
v * * = - ) N o
» .Q ] n oo
s - #* M) T i N >
¥ » (2] *m 100 WMt (8]
. » [=] o) a>D . s QU » D e
» EER » Ot OWEI] N «
. . < S A & FpJEied 64 [
b » =20 ®O wOZ B w4 o =D
. » [ T 2T L X" MHY e i 2] O+
w » o - * . Tuts BNEHE s B4 .
» wI0GE45¢ *O L L U B - | [ 30
4 » bBap-dntife} o [ X3 NAN Liyl) o O [+9 iy
. » - [T * - e > i) O = o .
» [T Te * e N I e e N [5] =0
. - FROG T 0 MUl eg4d U O
- L T8 b 10 ar— - o4 FOETT e N O e
X - (=TT O -1 * MM W U A n o~
- * [ie 1419 * 4 oy UZ0 s (a2 Ae
\ » SO IIES * 0, E o DHEM - " .
p » HTO T - * - QrNY) w~giri » O - g b al
. - 0 i #H NI UX e [8) [} Do
4 » I A0, M ML A s e = gl "> Laed
b * o 0 *FE N s U OH 0 < n . [}
b » ool # o MY O BBOULY (1 x <y -
[, » (yZRaF4DD B ENE NIO « o [%] [¢] ]
» mo o #x UM mugy [ [Ta} = m e b
w. » (EIXl 3= # . o MO EOMGIN B L] w0 ] (2] (3]
» [flota ] #EUAMATR U ese o 7] w [ e -
» wUT BN e w BUAG - @ o o m n= -« =
3 - Ombadin #@ONYIT ~ wAOG F O 2 O wn o o3 ol
. » e IRC L #OMATIND OV &« o M = 2] = [REH m Lo
b v mEO P e BT AT IO O 3 mow 3] = .
AW UV LA V) # UFEOA U BN O o] © 3] [~ I~} —-HO o
p’ BTN B IR s B> = e N 1 o «tt &= O a3 [ 1Y
#F M@DZmED #$XOLVAMMN W Ay o i} - > (5] 7. fes
S #H QARIVIHHAGE B oet W DS g = o] w o =] wIO
aD = VM H #0 =OXaH XM - - 8 (] ©n (R 2] - X n
L #0O HNAEN4 #EMIDAML U Su> 0o (3] Q = Q- o LS bl
o H O)Z & wERD s s wti® o O L] =) o un » m own [¢]
- R WMUMO #ZAYU s s e 1) 2] ] w0 7] 1K R
*D AN U # o1 «0Q0 MNUIke = =] 0 O & W (5] - WO~ [£] .
Y ®U g PN B INE v RN . O ] = - ~ - " Uelle - .,
» @M MEIN # U vl ) s o N o ] o (S - 3] o 7, =] .
¥ #Y AOXEIXY B HSNONOLIO o m [ L RS 2] X 0 £ = W00 = ‘
#7 OO UNl & 0O Ml ity O ] = Hou B2 «n ["EEZEEXS o) .
L $11 WRLZEU #PE A wu= O 0 H4 4 o= am 1~ Eeo v
am n RO #NLEEI) QAN 4 = - O\t O mo [ N~ O N |
. omE * MUM syUEH ~ 0 - o [T = aun 7] - Q) - X
ﬂ. BEL VY e eLMNIN B P Tt Ordetiv i M N\Z Ut T - HN @G I3V~ Y k
% ® - e *wn Relatale IS LTI X Lol ol ol of 3] [3] n Bl @m0 = ~ . WENO - i
.y MINOFB > Mlle s ) 4 MG 8 P E LY o o IO m o menEm HO Oty O = o
- » PrIO0 #W0 M LETUNY  QH PO B (X g OO - 3] 0O o~
N il # W Wi 8 W M OR IR I e EAGEY ot VHE o oI O O L2
f * D WOMDIuE+ # HNNNIEMUOQZ o o =M INIHOLIN KNI OONOMPT VNG NOLI A= 0N K 20
#O HOXO = 832z MO el 4 SRAZEME AR E I3 o o8] sMINCET ¢ o1 J0IFNEO WM H0d O 1) e
' e NNINTILING 8- 3 +-1F4 - 4t ONN AN NUNIFAHE AL T HPIFIOO O™ UL 1) 0 54QF 1Y BIRIORIHDE ¥ . 4
p » Pl ompl # E4 QBANQGTIEE HANAree=NNNN N 8 IMOI b OO 18 vk HIE+2HZ 244D O & .
' 5 NLIIDDIY 8D RHOQEAOMAR NOUEHHE A= e e UL | MA T el D 1 L b7 %0 e Zed DI .
r » M > i #0O D Z) VIHHAHEIE BRI 1 0 00z i OO Sl 44 Q4N N .
k., # e DN * o - B Bl el DB EIQ OBV Z VIO O I UG N Tk sl OEROEEMEN ‘
3 # Ul HAQUHBIIK #M - €4 FIVIEI N NN 0 Il e A UL ] N O N el et Fisd = T e .o
s #he TOZ T R 3] N Tl I NIRRTt AS E MR S R I T Otdeg b QP04 o,
4 ®#1) HEEQNMLES # 00 m H NUAHLOGNAMUOQHEIH O IR HOMHE 4 0, N0 (ST-10 ] UHNt .
. » L 2 LR 2 L R X B »> > |
p - - . A
. » [ .
4 » » u
X » » -+ n w0 B
y [U1513]8181519181818 18] v v (9] (8] v v (SN S) (9] 5] 8] v
R
y 0.
b
\ 5
_\o -. i
2 o
. S
.
’ i
y . N
g Lo
. L
J
"
ot
. el
. 1
,
s s e, ., e e e e e 8 O . . - A N . L . i . et T PN . b
e e @ p e A ; N o R\ ® PN TSR o . ® . .-
A Ay 8,8 T a by A ' : ‘ . iy - . : N : g . LIPS W At ndate bt e aeecdabeetendendeahd




.~

el

L " A AN

vl

v

a,
F
(2]
- . [ X}
™M . et
e = 0 ™
[ 32K - 1 -
- . ISR (3]
0o [C - <
.o o [=)
o~ [ ] IS
-ty 1 - u
e . S =
< . ~ V. o] €4
no O = = < -
.s m - 4] (=3
- . -y -
“0 n v = .~ -
[ S w o= [=) t
- 0 ~ - W - (5] n [
an » o om = w ) -
.. [ I L Tag 18 o3 0} L Lol (2]
B e - ENOLI~ 0 (X 2] ‘0 -
N e YT U ”: «Q - 4 >
- B O oL e (9] [} [7,] un =9
€4 o ~ M M sr8NnM v - = -
oo n o nNe ~t Vel L ] &=
O D 4 WeXm 2l e - n N [¥) o
o - g4 EmNHULO ] = [ = [o]
L] T R QeeE sl 1% =} (2] (=] « [Z]
. M TEEIT S (4 E] o [o) [X] ] -
(= N e wrakemy N4 - ) =% ~ 2] [ 3]
O FMme 8 reTm m ] =3 o
S ) 0 ) )W X m a " [ o o]
o 2 E4BIT O N ~O [7, P - , [o] [ 2]
vy - OFINDYM ) - mMrreN (] o L n
. (LW T T 1 [Ta) Q=0 Q O -
Moo P A s b I - Q ocoon »
[21e] (SIS BN 'R Lo T2l [ 0 e s vt = [=] - Ll
[ XS n +IROE oM O A NN = [ Et
= . s QOO ssbt ot O U Wmmn =] - 00UH -
HD PET ) s l4 T > ok e s e = —— FA4E4 =
n [ SRS il O WOHTSQ U mMoooOm o nmnuR - 1] -
5] LK} WD I QmTivm 54 - iz (o] (3191918 000N [ &
0 > ” a~Qrye U Y P et o o )w‘CGG [TILTTE Y ] 0
0 ~—————tlt €7 NI R~ MU F a1 . Btonmm [] n ———— .
Q ~A=NM O @4 TR S e Qg N\ I} N HHemeEm ———t) 9 QO My
= N e e ny <t FHHOOOWN O WV O YUNNIND NO s} { - wn N e s
N =] Wl M | RV T RO & 8 O WIFNO T ZAAES OOV N N .
[CI S Rt TY 2 %] FIEIABIS R PUOLIR EIR (58 N 0 B HHE MU R OV 0 O =
T mEmEG~ s O N VO™ HE# KO~ OO XY LXK X-1813]13} s ) & - mecain~
H MM AUIO M S D O H LUOVREHE G —VOU\USIRE e - 000 oo o MMM N,
H MuEGISOMEIIM D 2] - 30(%15(/3 O UDUHM =) I a6 0 o o o H Casosag;n
HAMOOOOE> wir O+ AWl 2 ke O \ OV -\ BEO RS B S et Qe NN\ m o MO E e E EHHZLO OO0
HAUQMRE RHET sOMHED Om &1 <XON0OZENQHLIG e @e 8 8 Ot § OO E S~ DO unH 2 H ORI IREN4
B SEAN NI OROAO D JORI? ROBENLIS 4 —F MU 1 ZTZONNNDNNNOO00 ¢ o 93 Tt N WO,

T RN P i W) D) ..llaJDWuSH NON QDY VI QA NOOMINTiecg-H 8 O Recms
BINOlegetag e HMMR | DRIGEQ ollr="") o LARIV D EIQQOMIBRNBIN | § N Bt K EIE 4] OW ehI- Qo ageton, 3
AR IR G Dt v I G N DN XTI 0 )R TR ORI SIS AT 0 N NV SN QIR Dt
D Mottt QOHEHHHDAE ZDIE0 I ZUMZD N 1§D EDWAILDMU Y e NCHUDTTEIRIGIHET 4§ DOty
QDEINAQAUN OORLALHE QU AHAHQUH~DUQUAMOIEQ N ® 8l # 8 QUDEREHOUOELIEHE L U Qg Haaaay)
F} ZHE G ~ER ) NOQUIIRRA MU SINQLRQOOVINUVINUOQ~~{ZHFN E

[gle} QLT OFNNINNTIEEOVLU OS> O OEEICRIOIETLDIE ML T HE N MO0
vun QU DIC et @ G OB 5 B Q0 O MM G oG It B R g G - i O AV O
LR J
=] -
© L -
o VU Vv UL v v v O v v v v

. ‘Y o , [ \ ® . ® -
) L g L ‘ ot o . .,
WP NPTy PEIRIP IR & W) WP T T . el i ks ) a U

e
(98]

. L
AN

P S
PR Sy L ST

O
u'-i.

».)

.
-~

Tt

\;‘. J

n~"
-
Aan

)
Y

-
~
An

R
.

<1

LN JND G G 3

L.

-




Iﬁ'i'i"h"ﬂ"“’ﬁ"i'a"'?}
|
|
1
|
I
|
|
i
|
|
|

. J

{ -
» B
ﬂ. - e -~ - -
. mU [ o] ™ .
g -~ It (2] = - .
: - | 3 - o K. .
h . cqm Y o .
o o r] 3] o .
. . © U (ol - .
. ] (51 = ™ o~
w. o wn < o~ o ta) S '
, - o [ 4 (218
w. . ] -S> ] - iz
(= Q N [31=1
w. ~ = -e &/ [ 2 -
L] ] -y [ 2] g -~ .
¢ o ™ - o 3] 3] -
S m Ed o = 0y Eoux
ﬁ. D O %] <o
o g [ 3K (] -] [TAl Ny
_,‘. ~ [ ) L] .~
. wn i = [ 3] - o b w
M o =y au -t o 7] €10 e
- QO ™ g ot m ™~ o)
v . ] . U N 7] [} e
o VI ] on » o) 0 [T D e
ﬁ. - 0 O ] o o (3] O
. - = (219 =] —~ €4 w0
7 o O = -t » o e ..
- o FIRS o) ) a o €t o [
w. . [5) n m =M — o) om = — .
o ] [X] (o1 = T2 (3 - Q .~ 1
ﬁ. 1S of n o =0 w B =} g H O 1
, . 2] - O g E>] O [ H=O [LRelay !
g o E 3 Mmoot - o £ (118 .o hl
-~ o . » w o . T3
N . (7] [V HO o~ N om (%) - N0 HEO {
o Q - = E4 O] o N 0y (XYY
N -~ - - 0 wIF¢ [>T 10 ] w o v o = 4
ﬁ . [P [P T KN ~10 1 O (1] Q O t=-1a (=]
e o L inlad [3] Hu O Pl B 3O oAl 3] H .. l
v - . [T (%2} (2 18] o5 n x + n —d 0 [ 218}
o B W0 N v [ Nt O avn o W VOV O m amtx Bl
o 03 o = I .~ wr 20 W M " NI NGE 0 .~ w0 .
. ~ - = 0O n P T [ 1S T B - PO 1 0 WWOOWVN\OO 0 N e B 1
(A [ X1 Xel ) Q ~AFNMTIN o e NN O OOHNT o ) Q ~ANMETA . o
0 *d 0 norn €10 = L "] DO~ Ve A e ZONOO N s s s sdiIE O !
by [ ) =% Nt WAHHHONO NOWw v © » SHQOMNOY AR IR .
%) " 2~ Quied (LI CRYET NO™ Wt £ N STy el O H>E QW) ‘
“-— Nt (312} [ST=18 7 Moo ~Bl ¢« Qb (S alek Bl # 8N Qe = maae—ni o -
IO+ N (3] 0 [ 23 1] o HEYMEANAONMNS QB RRIO D o2 2 NNemine om0 H MMM D MU '
Quf+ed O D m - DO HNMEEREO wd D Qudbd o~ D NVMAININEH o~ BIOMOIB GO M-IT
> ol O+ €t o— Qv ¥ HNMOOOCOHE +ildM O D ¢ HH 80 01 QOAOMMD T ¢ [HOKOOQOIE4EMIN !
B4 sOUHED Nt~ NPT H OXEZEH OAMHHDMAOR HMLEOM 1] 10 3N M OERERH OO
O a~-tu0 N3 [SEXE Ly BOEHH I 0D SN A~UQO00M M 3o, - ZENNOO™EI=N fumx it N § B2 NN

' P NN BN OIS O HHeONMT AUt Do F4 N o ) O DIEﬂmD(TIt Eiel N Kot et AL PN
L M ORI N DOMEEID S 0 sl et nds JEHNMALZE H U (4D CUE-CREDRI N W 00UV 4 shIFHQeCed agdog) JE4  HI -t
. O OCUR IR NAU) S OO Mt It O M IHZ NN LN G @ v I VRSO0 Wbk e 3ed N L
4 A e N BIQ IO N EH DD o o o S O D R H O I D 1 B HNUI IR L B I DOt atat g Ol
. €3 OO E HEHE I e H 2 B NQMEHQQONY QAL IEHE T HHMLO LD OO0HHOO 4+ I TaNEHOONAY nnN
b ZiHUI~  EmEANHHTME % «qi) > 523 ORIV ded 42N S
QMWL OOHFHHLOO Qb OCEHXEE..-.X-:NTIPCW
b Dbl DM AU0 (S a1 DU oG ({0t OV
. ++ .0 +e
«
W ~ Ed (=] w o ‘
. - - ~ m 2
3] (SN 5] 8 (818) v 318} (8] v .

. . ® .. ‘» R e . U YO | Y B
PP TG U GO g W T 3 P\ "W A O S RN R G R JOAT SRRy e W T SN A WONr W Gl UL LN |




y
r
y
—-
r
y
L
‘ = - -
o] 1% o
‘.. [ (] = ]
n [ 2] - o~NeY
y o - 7] ~—
s 519} [ 7] (™
9 <> w [=} N
. (2] =y - e
Y ~am - | ve e
[=1-% BN w XL
I 0 £ - [ - L
9 o b - ) 0 PSR
p 0 o s i 4] -
. [*]) [ ] (2] o ol
o - O [ (=] ) 1919
9 . N 17 m = -l
» uy . ™ - Feord
- - - 2] - 1505
— LS m = = > [BLIT
¢ 3K >4 [o] - [ ]
f « P le) (S} =] E4 E1010]
» 0O~ , B = =] <Ny
* Q o = s (o] [ ] 200
.-...ntu o o ._.u m.. P: DO..LL
o w -
4 N Pk [™ te =] ["ENES
T L H o~ (5] (&) - ALY
e ox L] ] o o
b (S o= W 3] - (%15 W AN\
=N [ 218 ] [ g %] GO -7} - .
et -t ) R o] om N 19NNy o~
4 G (P53 = a O e Fe N ERE) Y]
my: = m < 1 [§) 0N s w0 IR -
i b o o o €473 *  ree
gt 0 (3 ny 3 g 0 Zmhubuty
3 [«X] o] o« o D e QO O sws
[P . " ) (=] nnng . e
-~ . =1 157 [ N1 Edeeseas
. [N v . D HINE 1N [ ® W m QMo
[ o = [ ) ZELID [ 2] (g e Y4
[e] ow L] wwmo M o my LalaalT)
8 X Hin I S EOK ok S o . W0
A [} [312] i U oRl M o~z =33 my I
[= e n [ LY £ m 8] [SISE] no [$[5]3}
8 (] own (3] N0 -Q o= DN Do ez
, [ 3 2.0 [ . r e Y E4l) [e1=1F] O nedeges
& o 0 P W [SICT TS Py e . =HXEGmG
2 (87! 1 Q ~rNMmRnid . = alelS] . S0 nm ommm
— N v N s e ww e O B QHOE NOKNOOWOVN™ o
g @O [ HHHHUNO - WD T M 1AL UVIDONRNU Dy il
L. ~ (B Y TR o W DN N~ M s WOWVWWW4N mY;
r > " 0 2 Ummmma . Ak 0o O VODONRD moQo
- i+ O =~ H HNYMXAAOMN S MET OO BID o] HEr-rreeen . Y
y "D M 31 FMYmEEaON> wiN D bl MO™de A~ v ¢33 0™ Qo o=
r' ~OH ¢ 1] HREEOOOQOEH+ ol3F ~OFH ¢ ¢ DE 32 ¢ FEHOOONNNZO N s s
y HEDW BI 4 SORRRE I O OMHEDNLINT NARBNoN DAUNONNN\=<0 D45
' MOl H e WO H N HECY Sl ASUOHMLAA V=] 4+ Q) IOl & 1N
! N EIID . O N H=ONMT  wCU) o B N E BaSY) OO ™M 3NM P Ble NN\
- fuls 04D ORJE .EIEAAAAQTHISPN I BHEADMMEYT RE4 DR D
HAHE 2 DL Ot MUEIHH{@ U~ HHZSH 7 NNl T30 sO0000K  Sititd =
. MEAMBLEINO 1] Bl DOttt NQHE HAinp - 1HIOUOM NI W H I DL L]
» A Y LR R L T I RTR =T =215} QO Ut S D AR EHE R 1R D ) 3RO 2NN Qe 4471 =]
: ZINHHZ IR EAS 1 Uhd NP U TG L
o OH =D Q QMR Pt QN unDwEUOoV |31
Le QWEI QDN (131212 NV NOAOAAUEUuiu i
3 *e * *s
4 O~
! o o o [el1e
5 ~ 0 ~ [Ty N-2r-)
b [&] v Q (8] v ] 8]
'\
1
)
X
'
r 8
)
w.
.
,
. .
[ il s et

.




LULLLLLULULDIDLLY 1] , 4
L 2 * - - . = .
» e 0N - - (93 — L4 [ P
» EIE) ETRIA] * s - w o 9 [ Y
» HET el *0 e 0 o = 2] L] o .
. IS I 1o 71817 $4 o T wN ~ (o] ] 3] 2] . 4
» | L O+ an HOO v ~ K (3] ) Q i
» Wit VNG WD sl QR & B [ 2] [l Py r
- et d Q Ol # T D ONMBT M = = =] Q " '
» 810 Om-SmO bt ® NS » EHHA K e -~ (2] -] - 4
» WO B BOWE SO= HE b H ® '
» . G EOWN # UOHD - =4 Mo tre - o L] (3] '
» [313] (CITTSE # ertmaie BN L o (3] Q [o] -
L o e E N RO wwe s RN P ] "2 fre [ ®© R
- OHddD = #H0ONTN glael) o - ] Q N . T
[ e OE 371 # wzivHE 3 S O ol = - B
H PEteelliid a0Eh G wm & m [~ a ©o Y
» U} o8I pof  EEe #NeMM] B -~ a3 ] Ziw g
* £, G T e o D BT .o TN O 5] (1) - (o - O . e
- QAWGQIE> o REuE « Y s QO s = =] oy et d
» 2010 7€ 7 JUD e (G0N 4 #HIEqgT OBONO N e ") o o e .
- L2 ~ 12b=13] # O o4 BT v - -] - Lo - -
] VMO = AT # snany) 4L O oy O =] ] m (=13
- +ZOOQLIHO © N QI OB s . [+ = o - z 4
» NG <0 # 0.0 4 mefin [ - ] = m [o 1 o~ .
- DAY nonEs #ZCON « U Vs ~ 2] o o O . ] oA
- L iet=100 1] <0 & JuF W) B0U n n > o« 0« - o
» monmn e 3 # NeQfnf4 A0 v K [ 2] 4] [o} H o N o '
» S41)Mmghl) el # UM mUHEn - = m 3 = e SRS 3 e ]
* u) <D O ® e WO ERM T HH n - (%]  212) v e’
* O =D 6119 REEAO U Ss e o o] %] ) ! - o4 S = Y
[ O AHOTIE I #NIEa w0 N - 7] Q 0 o (o] ns: -2 (¢ @) .-,
- > GOk - #IFIe » WM P ] - B m n L] 2] [q¥] _
a2 ALY 2w B OATNG WMOU &~ (L) ;-1 =2 2] [ 2] ~n m — LR
» Hm 4 1n NO #x e w100 O b= [X] [T ] - 4
sw 0 L) IO # LUO &« U A o + 2] 3] - Ed=d o .
am tedmidem m U BHIE o> @A s N [ 5 o] QO & 2] on o .l
LRI BT LT [7; ] #NANMA o Ny 0, - =3 = o (5] . [
B4 L ANATOID % H4GY # et OrEEn o o ] n -3 '3 oo 4
#D FNNNE UITa #0 WwaH 2OV - X 1 > n = E4 - (213 n LI,
B0 HHE LT STt #EMOMAER QO U M n) 18] ra o wun Q "~ =
o LT O # WX v e A o O m ] m e -t o
BM O OuFLiR TG #EOQ e e e =] [=] 0, R O x oy (ol
B0 g e Qb 02 #* onaQ e . £ = (3 [S12] - Qo [ ,
*0 Q0 WO W @13 VUZ o MEHOUO o~ -2 -t [ © -t [ I T T 2] .,
» HZL) By HIEWN B g0) b4 L) s e N o = un wn o Uk, a L
#y) MO B Hee # HEOinNO€TMEs VO [ el :m ripe = 3MNow ] LN
5 N.IAZODONMA 8 aibet e SN FN O ] (2] = Dk 0 XS o .A
A4 OQ ATTNED@M ® 61y WU sy O - o ] O & oy -~ rTOo ¥ e
*ax VOV W U ® RN QG bt 4 (2] = ] Q ®W N3 [ 302 N IGNZEE .,
.0 U™ ® >~ 0OM EEH ~ " - ] v = v I o 00~ [ 4
are 0 QB BN Tl B Odrt e H N\ @ Ny oemm O RedI QA ,
g APIGHEHO20R *wn WCEImREAN v M e (5] n L Qo mEq -~ s GFINVO -3 "
» P TINNIIY Z . Bht DR « W) S G NIY E Y m -] o3 et s HO WM O = LI
» DD BRAMR N M AALUMPEUN O e 2] [ 2] [ ") OOt A A 0O M
S0l PN & WOomED - & el & ab QA Z RN U o led IS e N O O ]
> WOVIEAWLIN = & @HNOINPZENOE A i M ATHIOON o M RO+ Om VoK L2 oy W e
LAl Xhat T 10T O8] 8% MOE waid SEHECMEEA R ) o N O3 ] ¢ NS OND <O N O ~N ',
# 0 3 AL bt o B I P EtD O NNNINHEIFHIH 2O O OO ™ NN LY [ Rl I I ST olel S IR] P
- Piadpd QUM AT=A A OFANLEDE HE\H"reenind 8 EEmMo. O # Qb sIHDVA .m.TU.M - Y
¥y NTOMNEFQOTON #D RMHABHOEING NOEGEIHIEIHT T LN A0 | ManN GO B NS HIWZEN paH = ..
aw HU® vy UM 8O W MU DHHHHEE I UIAHE N W ot N 0 QN OO DRebi? O+ -
®Ee Ul OI4E U VU B P16 e Ol B B i I Q O HUZ NS OO N HOUGE 1] SR ] OIT Ok ‘
B ML OO I S - b FSURATI N N I I Metrebistia bt HDD UL H O g luetin ) Zrd = =iy -3
B b MBI TAARIO(IA LA BT 1Y 2 OO NN | ESENENRAOZVU AT INMmZO Qg o™ .
#) HOMMDOIVLIEVUR #00 w H OOO0N OG0 MO O H ) ) HIR AN E HL D U OY LIV - OH oL
[ B 4 S rs o * P
» - . e,
» - ’
[ - -
L » 2> w .
LLULLUVLLULLVLVLLYLYL Vv O (818 [S IR} (8184 15 [8) » "
v
v, &
... 'Y
.
., L
. -
.
e
!l I
-~ 1
. .
.- 1
p
®. o0y @

Ak b ot s et Pt et b



Y

Al Sl oA

N MRS

AN T

weLe

v
)

D B Bl "B TS %

B e WL W

Pl At et A R/ R

x

-
-
Mo
~ =
o
<O -
Q.
- e
oNO n
- - (2] =
L33 [ -
< [T - TR TV b3 -
0. = O 2] 1 4}
- [ C S | -
-—cy o 1 < E21 LY
- - (¢} H-1 «Q
[ I} % H 0 - ny n
o - H = o oOxn ] wn ()
O - - [ N 044 [ 18 | 1 B ] (] -
. - - W ~ sz m ] [ 2] ©
=y ” TN~ N g n a = 1
- — 2 OW 11 e o o 7] w
- -~ ~ g Y £ X311 [§) - >
o [=) v 3 LNe [T4) [ =3
D . [0 D OH NEAN . - 2] a 3]
[« 3 = w$ O «aNHLUNO sl - =y =
F10 - MO ek eqld 8} =] o N -
.~ m > Rt R 2T o o o m o
E4 o [Ta} e rl e HEHFAD U t P = [ o
D0 Q HM@me # XM (] L] o
QO . w () [ 1D =0T m [>) w 2] [
[ K — % BN ®N\~O [/, ] 2] [+]
oo (o 19 - -4 HOARDOO - e ™ Q L]
.. 0 ~1 9 AmOMIES [T NSt~ 0 o [¥]
= . no [- 18] O el o Dr——eng Q ooown
HO [ hned ».m Bl BN S N n U oo oot = [=] -
o [=] ~l ~ * N 2l 0 .~ NN = [&]
.~ Q9 SO - QOLY s H ol Q U MmN a < 00O+
o = M O H ) eI Z o iR R e = ——— HERHEHH
L% ] . ) o m W HOo Al O W OO0 t=] nmun [
[ B HO e O 1 ANROMTNK: o~ Xl (o] [3131513] ooon
9] o <O ELa I | e OFIPIN 0 i e B DN [~ ~HOO 0O [TITITY )
w1 _—~——— .~ = ¢ Pl AR et U e o Etophixm o
QO A NMEN 12 OMMNZEH NZLE# f i€ OO\ N\ O HHxm —~——i)
(= N S ISR {% ] =] EBEONNHAEOlR" ZH NN QFREIV QUG NO ~mit3 | 1 | -
Dl lalaik -4 frte U QTOF MO ) | BRSO ® & & (o ANy T 2o [=l=l=T2]
O R0 u 4 Do~ e et FIH & B TQUNEIS R G I8 * 8 HEHS U= [SISTETY]
& ST~ v Qb BIAON, # 8 % VIESZmNe= O HEH 8 - Uz [ZI X R N151813] (OS]
o = HMMMMAUBEIOMN ¢ L W QAN O HE O UNU > et EHxmd Q00 conR
o 4 MOGUE OGO H D A Z A0 O )B30(ﬂIE(/w0)D VLUHM B UTITIEARAE4 o o oM
T e HABOOOOHDN sitlrm o OH MmN ¢+ A SONEB) G PO N\D U =N\Z3 N O D 5 e et B O N 22 N\ N\\T08 05 G MO FIE4F6
IO HAROEREEHEd 1 QMDD MNP E P NEEEGEE 1) dONRNDVOANUHPING XM # # AP | LN B~ UOVil
0 B AR H R VIHOASUD MIlSgNLI~ =TT 1O CROLINM D e MU | AZANNNDNNNOQQO ¢ ¢ o3

HHEI S Piatototag g
Nz YaoEiNAnNQuo
Al 2 3§
U N QO
nutEOQ

\:..V:am.g k1TI/C/ZBIS.1(33?51“/../CCCC.IP??SBBBHHB.rZ?.I
IZ?NUEP&YPTCW2&TC.31(=. PPPECESECCOEEEAE=::SAAARRRTTTM
S HZEER OFH~HB S oG I0RE =1 OB N I HE T UTNIN UL S H N H 80§ NN
QB HE DO N 0 R 7 ZDNEY I XNOMTED Y N OEMIGDNAMDINO S NI IS R
OOt D 4 g€ B NOVO 10D R HOUHE =D D URMUE0IN W I el 1 1 OO DO QB 464
FBIIANBOWERIE S @ PS4 ) NOO VLR IS E BN E XUV XQ QUUININNOO Y >+
QOOHW TR OO OB Vit OV NNV T TOV U VOB P QNI OX T IE T Il I 0300 Byl b2
QGO0 e b 5 B 64 64 -4 U 2 T L4 e O 06 (5 L B 5 B () (4 L 1l L) 4 620 4 ) 0 08 QG L 4AE-10-4§-4 (605 00 =44ttt

m
vV Vv vV v LV v v v v (8] (& ] v 5]

. . . . v oo .
- Adod s & E_2 A B Prars U B U U §

e
.
.

» .

o @
-~

- .
. . 0
caratatain

.
n

123




™

o
g

TR T
.

TFT T
K
<

ﬁ PN
- .
r ” e
- - -k
g . ™ mU ...,,._
| mo - . wite '
—) Pl £ o £t .n. .‘-_
L . <O ~m . L
v < 2 S O e
Qs -e - e
W. - e uo N ‘o
o - LLES .
& g [o13) B ‘.
o iz <o Ct {
A - (2] (g0 ] (2K ‘¢
i n - -2 -~ - =
| .- (3] - . - o ‘.
4 - 0y <3 oo ] .
P . = ™ E1 v ™ [
(3K o~ - -y .
o) - Qg [ 1Y (4] R
b 0o - [ R .. 8] = -
- - o L) tm "] B ix H (3] s A
>y Ed J Qlx ] L1} =2 -
‘ N o~ «~ =) Lag] - Q (3] "
. [N [ Ak £~ o Ny .
d "y [ m Do w D (5] =3 ‘e
D - (3] Q. (3] Qe w K
O . = ~HO = (219 o Yy
[X1e] |8} - .~ e - ~t = |2 o g
PSR — 2] e 2] [ Q o e, -4
f4 o m [e-1s] m mm o o= -4 s
: xle} 3} [o DS O " 5, .u
O~ o [ O w (U] [ [ ] T
b [ Ny [«] QN-10 o) e 0 - B
N [ fy -ew [ - - o
-a o 1= = . e - A
= e 2] ©n rgtD n O - M W T
N HO =~ = [ X1 TEEN = = O ) B ™
4w g (o] -] e Q LU n *
a .o — +4 et - St . 2O !
fl=] wo~ €4 H e B4 Q) oH K1 :
2] . m e - (7] &0 H n 0 1 m .
4 ] | 2 20 =] 5] o n [ 0O w0 .
0 o [-E22] = 0 =) - 0 ~ wr 1o A PR
3 n ——— - &3 n =1 Cu o 0 el QU 05 L= Y | A
. 0 O Y P ey =L X*} v Q ~areNM Tl . (8] Q ~arcmrmel o [o] =) o
0 [ I R e | [N [el=1T] O NI oL - - H N essonude 0 . O r
. o A W) =) =09 (Al 3 A AONLLE 4 WHAHHHUIO L ¢
2] O H-—~——mO w 2NN g O Y=« 2] 3 R s s g we vl -
-+ i TWWONMGEG wm QP HO (=10 ] b 11T 1 gt L~ 1 -2 Z “meoeg—td ¢« Qb Q 3
~ P NN DRI O & QuEY [S1-20 +*= H MMM U+ O H HNEMOAOM S a4 RO W s
‘ . Et M@mEuoOLHI0 N D [-{elad OH ~ m.ﬁRRRRDYB el E=1 oo AN AIKEAIaGEY w2 fulad o A
b -+ FeZEQOQOEN st O IH ov . + H OOQOHIHIELIN O x HNMKOOQOHEY oldM O« s
. * H SOREREHEI tOMHED Nt D OV M ORISR SOQWHEID 32 H OEExEH OQAMHHDNL 0 .t
- L%l il ~OHO~TN0 N~ IN N et WO~ N LU HA N NS sHOSLOHA 1] s
’ [ Xz) HWRH=NME 3 WD WD ORI NI (N2 w U P EIRHAE O N e tNM - <)t b N (4 DB !
3 O ¢DENILIAAALA I8 HOMLT HDWMEED® Q1S oIttt Cr- 1 HMOEE I Do oIl ot ot ot JHAR N A% I NE D G e
YHWOD R4 UE4HIEIESdE e TNHHZZ ML) O MmO t4 Mkt 1t SNHHZ Z A QM ORY Mubitdt (012 Q=T IHE N T e
b |+ OBt gatrgad QeI ) PIOHQAH I H ) DOME AL Rt DA FHE B E 1 2OU 2 rC et o eSO D D H O g4 B
. B Z 00U EINILIOIUC QORI S E4E B4 N E 2 N M OIONE Q0 QOB ECZ H DM 0000 A0 Mt I -
3 U %3 U~ U E it slat ] Z4 ety
HEQH QY O™y QI ImEIHOLOO Q=EH{LOQ O ty
LYY=t Jula] it QuarantiqQuiy OHANULAO [¥T0 i
P, S ‘e + S
J e
\ |
-~ ~ r o o n W e
. L - - ~ ™ ”) R
4 v v v v v v v v R
, A% |
gt
4 P
1 - !
ﬂ * .
-. 3
‘- L
¢ ol
r 4 i
f. .
‘ ‘_ l-
b .
w :
|
, ha
;e .
' ’ R ® L M e . .n\-h




. PR
.- BN NN
ot T et

.‘ -
Py 1 SR

‘0
un
Ol
20
»

oun
tin
o~
[aleln]
[ xdtAd
[T ]
L)
E1OOY
D ey
—e
%o
ut1iom
l\L?
HO
am.n‘ms
2V

1 PIHOH RN Ne=INVIE I )] 4 ) O aded G rt et Q2> Qe E 1 =S liafrg 4
HEUOHA IO QO Z HVVHAOONUL

Uy~
| 210
iy

- e e P
S R -
et VPRI B

(NODE )

OMPJTZD LUSSES
)
Jd

~
~

]
-
Y

AITH
S
S
]
6
T
N

S
3
X
1
1
1

HIOOHINT o » oD
ML | DN
0.0'6M DN\NOO
QDAY mem. s
e 00000 oy

0 2 LICINUIOH
ONUL S 4 Qutls ol
C1R 8 NN O
NNUI=mM + & o
UﬁSP?ZSTI ~ o

o~ meY » WEOOOOHIE 1IN JOK
Nel I~y o] O SOBEREH OOMHE4DNMW
LEmHNUIQNT™N] N MERH K U s QO
Bl WM FHACITON Hr=tIM T el B 1 -
DI R LR HUIE P UGl w€JE LR RN | R D GG E

~maGa—hl « Qb
HYM MM OO0 4 DE4
WA G QI OID - W Y

[ d
0n =
=4 Q
- H
o [ 34
> -4 [=]
m g L)
L) o]
63 - (8]
= [ [ 2]
H -
&) L] x
= -
(%] m [72]
N -
>3 [ ]
(&) 0w >}
2] (2]
fre e |3
(=] n
g = b ond
2] n
b [ <)
n L] ]
= [
< - |3
o W =
3D i L]
wo m
O+ ol
ol B ~0
HmO m -3
O oOf.
e A ¥4
O sl O
Q D0
. QE0tOHE
[Tal¥- T+ £ 0 PR |
NN 1 ~Q
Qs oo
ROoO MR O

SN NNILIAL OO MEAEIEIEH IO NI I it IO Y

EFAAVIVL A NN
QOZ e bIE e ZF 40,0
QUHINHE HIHN 00

o
>
(&) (8]

EIRL0 e
O it
Orat

s 2,FIT2V,INLOSS, 2XLOSS,AC,

¢« JORKI
IM0D)

S

T
y

oG A
muHn
N\
.
[S1atia o]
T oe 0w
FaONCIOy
-
by
QO seanw

35,0P506,DP25

X
2
h}

ACKOOVOVVN™ 0o,

W NGO O 0y

81 s WOWOOWHO munve

VODNRNNANON

[S13]4 :Oclclqlclnﬂ) [ 328

<~ ..

s~ v ==

‘Am.a—:s.::.-suo Ml & as

VIEHOWN DAY\ N1
N-1ds N0, NN DM~
B0 SIIVOIHHF4D = NN e NN\

bt
[TalTaital

DEAMAMO D

BQ sQQOOQOFT FHtd
HREZOQOOM NN HDE et
QO Nt 4T L .*.TIHG—L?~'42~JS6_:P~:AUIH
U] NN T g

et MO D @O O

1218 . [27=12]1gTe1%} J& DL

ki
(1
o
[ 318
bl
e}
+* 4

OO

oMo

[La¥e it -]

19
- . A

-~

®
N

4

A

g
..A
(& A

(o]

- A
..
]
.
e
1 -l
P
" 4
. \. g
A
.

IS
.. .4
‘4
" 4
'
g
.~. “ ]
T
-4
i ...
P
4
"

e A
(PPN ® Cans = h-“




ARl "N RN A S S MRS S AR (AR N G i Sl e Tl Dl Al S

SR ESETCS S EEE R ESUSERSI RSN

Dliat* Sl Sagt:

ot Se W .“.'..““..‘.'..“.“‘...t‘l'....‘..."
g STSTE4 SIX MATCHING SUSRCITINE ¢
C C
¢ T4IS_SYSTEZY HAS_STFARATE INLITS FOR CQ FLCH ANZ INGINZ iZa. ¢
¢ T5E 7WO FLC4 JCIN iI aN $:JCTO0R 1&ANGE! T7I42 :RGINE 2(uadst
1 < PLaNE, THIRE IS NO CCOLING FA4 -NSTAZ T42 EIpUCIZR 23CVIJEE T
. ¢ AL TEZ BUNPING ACTICN 3Y YO¥ZM1JY¥ 2&A: FRCO_ 3 3131 ¢2108%Tv &
- ¢ JEZ (SHGINE EXHADST TH30UGK & ¥92Iil) LS vELalITY JET ¢
o ¢ (3C00ZIE COOLING FLOW) . ¢
: C.“"“....‘.“.....“‘l‘.“."‘..t...“t“..“ll.“‘...‘.l.“.......‘e
. SUBRCUTINE SYS6 (SERIAL,4,4CEKI,#JRXA,42,5PT,FIT1ST,10,20,404ID,
F . ALFAC 4C4B,ACHC, ACHY) !
‘! RIAL WOBKRHP NET, 0, PO, 83825,C8 480k, c7v0, 00 a0, %,42,48,29, 13,
' . INLOSS, EXLCS8,08 13,0225, 0815, 0256, v, 271y, BT EuT Dadid
. gésagkbagéa.:;sr,Jé,szrév,.c,ados.o,.zs:1,Izs:2,acx,rﬁoa,
. ~%4 ,SIC,)
1 v DAT % ,R,21%2C,aCWB,ACHC, ACHY,YCHB,VCHT , VC AN, TNAIN, TH0D, S
. AMa T, A8TACK, 55, W, GAIN, L0835, 8S2C, puaIN, 275, #8513,
. 2V, 20c, 2V8 535, 23C, 251 550837, 140CCT, £5CCYT, 2254 152
INTEGER ?33x1.£1.1st.c35.x.;§.‘Q.aa.a.a,c.é:aza.,‘rez,
* s
JIMENSION @ORKI (200,2),WORKE(203,4),FITIST (6),0P (299), FITRV (290)
c 335 CCNSTANT
CATa_£/53. 3824y
STARTZN3 AYD SKCPPING 20INTS FOR THZ BRANCH FITTING INDEX
RR=rIZIST(Y -]
- FETEII N -1
E=FITI52( -1
A=FITis?
B=FIT153 3i
C=fFI1315% |4 )
< INITIALT2Z THEZ INLET AND EXHAUST DUCT LOSSES (INCH WG)
INIGSS=41
EX1C55=3.2 . )
c TNITIALIZZ THE GAIN AND LOSS IN THE ZDUCTOR (PSF)
GaIN=-3503
LCES=230.9
INIZIALIZE TEH COOLING FLCW 70 THZ 41  UY REQUIRED
al=/,2
c INITIALIZE OTHER VALUES
025621002
I3C0=7121)
£75=P0*144.0¢0E56
PE3IN=pTS5+1JSS
PSEC=rT5¢5aIN A
c SEARCH TCR A BCILEP, THERT PRUBABLY IS %OT CNE INSTALLED FOR THIS
¢ S{STIN
14L=3
3C 4 1=C,a%
7125=5G 3KI (1,2)
IF(TYPE.2Q. 2% vD=1
4 coniIngs
c GZT INGINE 2ERFCINANCE FCR THE iS3UJED ZOWDITIONS
CXLL ENGINE(I¥10S5,:X1oSS,70,20,20410,45,427,42,4¢9,P8,73,5FC,
. T54,4G, 0P F)
IE(Q;F.E%BO)OE? 20's
WRITE
85753843
6 CCNIZINGE
c INIZIALI2E THE INLET CCNDITIONS FOR ZRANCH 1-3
9P13%).)
PTIN220% 144, 0
TIN=T0+459,7
c COMPUTE FITTING LCSSES
56 8 1=1,BP
ryessﬁoaxréx‘a
DATA1=WCEK ,-,q
0a%32+%ORKR (I,2
. 19~
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c
¢ FAN MATCHING SUEBROUTINE <
< 7418 _SUBRQUITNE PRODUCES THE NELT GUESS AT COCLING FLOW 3Y ¢
< OCATTNG THE I\‘-RSL ov Gf THE SYSTEM ACOZL CURVEI AND THE ¢
¢ 24 CHARACTERISTIC CURVE ¢
Ct“t“*‘t“‘!“ "‘t""‘*-ttt“*t“ﬁ“““‘t “ltt.“‘#‘.l‘l“.“t‘tt‘tg
SUBRCUTINE PANMAT (WC, TO, PO FANDP,RHOSTD,CPY0, CFMMAX,0PYAK, K  #CN)
REAL <Ey s§oﬂag<rn ,AC, Rabs b,:auo ,P),TJ,C,CFh, wen,C890, Cran kX,
* PN .
c Gas cONSTAfT
DATA 2,53, 3424,
c CCNVERT 4AS TLCW TO STANDARD VOLJME FLOW (CFH)
CFMSTD=WC/RHOSIL*60.0
c CONVERT FAN DELTA PBESSURE TO STANLDARD conor‘ous FOR THE FAN
DPSTD=FANDP‘$RHCSID*R‘éT0*059 7&/(9)t1u L)
c C I5 IH® PROPOETIOUALITY CONSTANT 'FO& IHE 9DaDEATIC JODEL ASSUM
¢ TC REPRESENT THE SYSTEN
C=3PSID/CTYSTD*%2
¢ %gu is THE INTERSECTLON OF THE PAN CHARACTERISTIC AND SYSTEM
oF
CFN=(2.0*K*CFMNAX~ %até(z LOCK®CPMMAL) *%*2-3. 0% (K=C)* (K*CENMAX**2
. $ORMA)Y ) /(201K
C CONVERT CFY TO ¥ASS PLO%
WC=EEOSTD*CFY,/60.
FETURN
END
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Ct‘l"".i“.‘“‘.."“"‘t‘l-‘.t.“.‘."““.‘..“'lt“.““.“““‘..c
¢ CONPUTE OUTPUT SUBROUTINE: PEINTS 5(STZY DaTa ¢
¢ T435 SUIBOUTINE 4RIZES TQ THE JUIPUT FILZ. IF YOU JAVE AN GUTRUT ¢
¢ FILE ALREADY 11 WILL BE WRIZITEN OVEAR BY 74IS PRCGEAM. I 70U ¢
¢ 4aNT ZO SAME TEF PREVIOUS 325ULTS, AENAME THE FILi. IF YO0 aDD ¢
¢ OF CHANST FITTINGS YOU %UST 4AKE SCMF CHANGES HERE. ¢
C“.‘.“‘-“...‘“““t.“‘"‘.“..“t““.‘.‘-‘."‘ll"‘..“".-.“..tc
SIBROUTINE JUTRUT (T3, 20, HUMID,HP, NP7, N, FOEKT DB, FITY, IHLOSS,
+ EXLCSS,#C, W2, 08,2824, SEC, T54, NG ;za.ax,:ﬂoab
REAL 10,20,d091L, 42, 98T, 0P, FISPV,Iu0d55,5X005s,c, 3, oD,
. 78,28, 78,578, 154 48
INTEGEZR N, %O0RkI, SERI{L,~#PZ
q;nsxszan,a?(zoég FIT2%(200) RORKI (290,2)
“aI~E (8,600) SirfAL, 1J,20,404ID,42, 8%
WRITE (4,601) INLOSS, £xL0sS§
E!QD=I(36733)'ZC 42,48,78,T8,SFC,T54,NG,T40D
7z 6 WC, 42,k ' T
061-100 Ié'l % ' I3 '] ] ] '] ’
2E DL sREn g5y 15090
+ 105 o
szpv(1)=Ff:§V(I)/5.19696
G010 ' (1.2,.3.,8,.5 019, 11,12,13,14,15,16,17,18, 19, 20,
. 2§ 22,25 éu 25 83’ 28, 25,3 30§ pile B’
i RRIZE ;g‘éoa) ki, 1),40§K1(1, y,ob (I) FITPV(I)
it - e
2 ad1is 4336053 ¥ORKI (I,1) ,¥ORKI (I,2),P(I),FITEV(I)
a .
3 gg:gg {36605) WORKI (I, 1),ﬁ63x*f§72L¢9P(x),:x EV(I)
4 ggzgg {34606) WORKI(T, 1), F0RKI (I,2) ,DP(I) , EITEV(H).
5 gézig {84607) FORKI(I,1),RORKI (1,2),22(I),FITRV(D)
6 gg:jg {44608) WORKI(I,1) ,4ORKI (I,2),28(1), FITRV(I]
7 Egzgg §8¢805) WORKI(I,1) RORKL (I,2),DP(I),FITEV(I)
] ggxgg §44610) WORKI(I,1),#OKKI (I,2),DP(1),FITRV(I)
) 4RIIE (U,611) AORKI(I,1),@0RKI(I,2),28 (1), FITZV(D
10 ggzgg §84612) WORKI(I.1) ,#ORKI (Z,2),DP(1),FITEV(I)
ik Egzgg §84613) WCRKI(I,1) ,4ORKL (I,2),0R(I),FITRY (1)
12 §gz§§ f4g619) FORKI(I,1),40RKI(L,2),2P(I),FIT2V(D
13 ig:gg {34615 RORKI(I,1),HORKI (Z,2), 0P (I),FITRV(I)
14 55123 §34616) RORKI(I,1),4ORKI (1,2),22 (1), FITEV(I)
15 55128 {84617) WORKI(I,1) ,%ORKI (I,2),DP(I),FITRV(D
16 AEIIZ (4618) WORAI(I,1),RORKI(I,2),22(I),FITRV(I)
17 ﬁgxgg f4615) FORKI (I,1),40RKI (I,2),0P(I),FITEV(I)
18 ggzig f45620) ROBKI(I,1),WORKI (I,2),DP(I),FITRV(I)
19 gg:?g {862 1) HORKI(I,1) ,WORKI (L,2),DP(I),[ITEV(D)
1]
20 HBIIE (4,622) WORKI(I,1),#ORKI (I,2),0B(1),FIT29(1)
1 ggxgg f8g623) FORKI(I,1),RORKI(I,2),08(I),FITRY(D)
3
z HRITE (4c620) AORKI(I,1)  4ORKI(I,2) 40P (1) PITRV(I)
L
23 FRITE (4,625) WORKI(I,1),7ORKI (I,2),02(I),FITEV(I)
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ARPENDIX B
PLOW CHARTS

I. MAIN PROGRAM NO INPUT OR QUTPUT VARIABLES

FILE DEFINITIONS
oS5 READ NG THE TERM/NAL
o6 WRITING ToO THE TERMINAL
OB DISK STHRREE, PALCT DATA
08 DiSK STORALE, PERFORMANCE
CALL
BuiLpd —1 A
COMPUTE CALL
Pl comput > 8
CALL
Pl ED
.
-
-
-
3
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q
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come

e 4

EXIT

SToP
PROGRAM.

I B

™

CALL

EDO\T

r——y v 9“*7777"“ Y
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EXIT

Stop
PROGRAM
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Z. BuiLD SUBROUTINE
THE RE ARE NO /NPUT OR QUTPur VARIABLES
AR TS SUBROUTINE, HOWEVER Su@ROUTINES
CALLED BY THE /BUILD SUBROUTINE DO
AMHANDLE INPUT AND OUT PuT DATA.

CALL INST

DETERMINES INSTRuCTIONS
DESIRED BY THE USER AND
TYPE OF TERMINAL USER

/S OPERATING

CALL SYSTeEm

THE SYSTEM CLASS/FIC ATION
/S DETERMiNED BY THIS
SUBROUTINE . THE SYSTEM
CLASSIFic ATIioN SHOWN
IN FI1auRE 2 .6 /S
REPRESENTED BY THE
INTEGER VAR/ADLE, CLASS

141
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o SET uP I1DENTIFICATION NUMBERS
FOR SYSTEM SELECTED
Ggo To (1,2,3,4,5,6), CLASS

CLASS I

CLASS 1T

CLASS ITT

CLASS I

IRCRGRE

CLASS I

Y
(M)
.

CLASS XL

o| (=]

LI

T
»
4

SEE THE PRELIMNARY SECTION COF THE
USERS MANUAL FOR EXPLINATION OF

IDENTIFICATION NUMBERS.
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GeoM (1) = 11310}
Geom(2) = 12400\
GEOM(3) = 136101
QEOM(4)= 14500]
BrRanH = 4

Geom(1)= 212201
Geom ()= 223101

GEOM (1) = 312201
GEOM (2)=323(0})

GEomM(3):22400|
Geom(a)=236101
GEom (5)-245001
BRANCH = §

GEOM(1) = 1310
GEOM (z) - 424001

GeEOM (3) = 324001 QEOM (3): 435101
< : ) 7] Geom@): 335101 T Jacom(a)- 44500 ‘—@
GEOM (5)= 345001 GEOM (5)= 45620
GEOM (6) = 356201 BRANCH = 5
BRANCH = 6
Geom (1) 2512201 GeoM(1)= 613101
Geom(z)=52310! Geom (2)= 623101
®—H- Geom (3)« 525001 Irpet Geom(3): 63510t @
Geom (4)=535101 GEOM (4):65620!
GEO™ (5)<55620I BRANCH = 4
BRANCH = 5§
CONTINuE
e [T
1
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DO FRom

I-1 70
BRANCH

4
CALL MENU hw,TeaM,TYPs,eéon(n

INPUT: M, TERM, GEOM(I)

OUTPUT: TYPE

THIS SUBROUTINE DISPLAYS A MENU TO
" o THE USER. THE USER MAKES A

.w

E; SELECTION FROM THIRTY FITTING

q .

3 CHOICES. THE FITTING ID NUMBER
> FOR THE NEXT F{ITING TO BE INPUT

WRITE WARNING
TO USER, INPUT
NEW ID NUMBER

NO

M=M4|

J

TuL
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CALL SELECT (M, SORL, GEOM (L), TYPE, WORK I, WORKR )
INPUT - ™M, SORL, GEDM(IL), TYPE
QUTAUT. WORKT , WORKR
THIS SUBROUTINE BRANMLES To TUE FITTING
SELECTED FROM TuE MENU. INFORMATION
ABouT THE FIiTTING 1S ¢ONTAINED IN
THe ARRAYS WORKI AND WORKR

GEOM(T) = GEOM (L) + |

CALL SUMOUT (WORK I, WORKR M)
INPUT: WORKI, WORKR, M
OUTPUT. NONE
ThIS SUBRCUTINE WRITES A DucT CATA FILE
ON THE USERS DISK.

RETURN TO THE MAIN PROGRAM
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I EDITING SuBROUTINE (ED)
THERE ARE NO INPUT OR OUTPUT pz.a BLES
FOR TuiS SUBROUTINE , HOWEVER SUBRROUTAES
CALLED BY THE ELC SUBROUTINE DO
HANDLE [INPUT AND OUuTFPuT DATA.

READ TwE
DULT DATA
FILE

Yy

ASK THE UWSER IF IT IS
DESIRED TO CHANGE, DELETE,
OR ADD TD THE DucT DATA FILE.

IF CHANGE ' B '

IF DELETE

S

C
[F_ADD Dl

OUTFUT EDITED FILE
CALL SumouTt

RETURN TO MAIN PROGRAM

4
(S22}

T .




WHAT 1S TUE [INDEX NUMBER,6 ™,
OF THE FITTING IN THE DucCT

DATA FiLe 10 BE CHANGED?

4

USING THE MENU 'F NECESSARY,
- SELECT THE NEW FI\TT|NG DESIRED
‘ AND ENTER \NFogMAﬁON S0 THAT
VARIABLES IN DucT DATA ARRAYS
WIiTH INDEX SELECTED M, MaAY
BE CHANGED.

CALL MENU

CALL SE ECT

MQORE
CHA;!GES

LY

P

3
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WHAT 1S THE INDEX NUMBER,M,
OF THE FITTING TO BE DELETED?

FitTTing TO 8¢
DELETED THE LAST

YES

REWRITE THE
FILE OMITTING

THE LAST
FITTING

REWORK THE FITTING 1ID
NUMBERS WITHIN THE
AFFECTED BRANCH SO
THAT ID NUMBERS ARE
CONSECUTIVE WITHIN THE
BRANCU AND ARE ASSOCIATED
WITH THE PROPER DATA AND
UNWANTED FITTING 1§
DELETED.

. .
. . .
PSP, Al PRSP vy et o it .l
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WHAT 1S THE INDEX NUMBER, M,
OF THE FITTING THAT THE
FITTING IS TO BE ADDED
AFTER”

OPEN UP THE [DATA ARRAYS TO ACCEPT THE
NEW FITTING'S DATA AT THE DESIRED

LOCATION, ITNDEX ™M+l. REWORK THE

AFFECTED IO NUMRERS IN THE BRANCH
WHERE THE FITTING S ADDED

4

USING THE MENU IF NECE"SARY, INSERT
THE DATA FOR THE NEW FITTING AT
THE M+!l INDEX

CALL MENU

CALL SELECT




ey v

. e 4
D

-

—

.

14

JAvA

T VAP S U W S -

RalC R g R T e p——

COMPUTE SUBROUTINE

READ THE
DucCT DATA
FILE

4

FIND OuT THE SYSTEM CLASSIFICATION
NUMBER
CLASS = WORK T (1,1) /100000

BASED ON THE SYSTEM CLASSIFICAT {ON
NUMBER , SET UP THE APPROPRIATE
NUMBER OF BRANCHES

TO MATCH THE SYSTEM EXTRACT

FRoM THE DucT DATA THE AREAS
OF CONVERGING AND DIVERGING
WYES (ADWB, ADWC, ADWM, ACWE,
ACWC, ACWM) AND ANGLES CF
TUNCTIONS (ALFAC , ALFAD)

y

LOCATE TuE ARRAY INDEX NUMBERS

OF TuE DucT DATA FILE CDORRESPFONDING
TC THE FIRST FITTING OF A BRANCH

y
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GET THE AMBLIENT OPERATING CONDITION AND
DESIRED POWER SETTING OF THE ENGINE

CALL OPCOND

. CALL PWRPT

Yy
A FAN IS NOT IINSTALLED
IN CLASS § CR & SYSTEMS

\S
CLASS >4
?

YES

NO

GET FAN
CHARACTERISTICS
CALL FAN

\

GO TO THE SYSTEM SUBROUTINE
TAILORED TO COMPUTE PRESSURE

]
i LOSSES FOR THE CLASS SYSTEmM™

BEING £ XAM INED.

i

“
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cLAsS 4 | CALL R CALL
MESZY! SYS 4

CLASS 2 CALL CALL
1 SYS2 SYSS

CLASS 3 CALL L CALL
1 Svs 3 SYS6

YOu WANT
TO COMPUTE WITH
A DIFFERENT

POWER
POINT
7

RETURN TO
THE MAIN
PROGRAM

n
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_CLASS 4

CLASS b
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¥ SYSTEM THREE MATCHING SUBRoOWTINE (5YS3)
THIS SUBROUT/NE S CALLED BY THE COMPUTE
SECTioN OF THE PROGRAM . ALL VARIABLES

ARE INPUT FROM ComP SUBROUT 1Ng. THERE

ARE ND OUTPuT VARABLES RETUARNED

TO

CompP, ALL OJUuTPUT S WRITTEN To T4E

PERFOR MANCE FILE.

SET UP Ty START /NG AND STOPPING

INDEXES FOR THE DATA ARRAY S FoOR

TUe BRAANCHES

INITIALIZE SYSTEM VARIABLES FOR
START OF 'TERATON
Ducr Losses
INLOSS = 40 (INeH wa)
ExLoss = 8.0 (INCH wa)

EDucTtor GAIN

Gain = -30.0 (PsfF)
CooLinNg FLOW PASSAGE LOSS
Loss = 30.0 (PsF)

CooLiING FLOW

We = CFMMAX % RHOSTD /60.0
BRANCH INFORMATION

DP4s = 100.0 (PSF)

DPSb =100.0 (PskE)

T™MOD =T10.0 (°R)

PTS = P@ * 144 0 + DP5p
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A
L

WASTE HEAT

BOILER INSTALLE
?

YES

IND = O

IND= |

A

GET ENGINE PERFORMANCE PARAMETERS
BAsep ON AMBIENT CONDITIONS,

DESIREP HORSEPOWER AND RPm, AND
IN\TIALIZED OR CURRENT FLOW

ITERATION CONDITIONS OF THE
SYSTEM.
4

CALL ENGINE
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INITIALIZE INLET CONDITIONS FOR
BRANCH (-2

DP12 =0.0

PMAIN=: PTS 4 L0SS

PseC - Prsiaaw

PTIN = PP %144.0

TIN = T¢ +459.7

BRANCH 1-1 HAS (OMBINED  COOLING
AND ENGINE AI\RFLOW
W= WC +rWC

FOR EACH FITTING IN BRANCH -2,
CALL FITDP
TO cOMPUTE PRESSURE LOSS IN
THE FITTING. THE SuMm
DPiZ = DPIZ +DELP
IS THE PRESSURE LOSS FOR THE
BRANCH.

NODE 2 (S A JUNCTION. COMPUTE

TOTAL PRESSURE AND DENSITY AT NODE.

PT2 =Pp*14d4 0-DPIZ
RHOZ2 = (PTZ2-PV)/(TP+4559.7) % R)

=)
(Va2
n
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COMPATE THE AVER AGE VELDCLITIeS 1N THE TUREE

BRANCHES ENTERING AND LEAVING NOOE 2, A DIVERGENT

WYE.
BRANGA COOLING AR : VDWB = wc/( RUOZ x ADWBR)
COMBINEG WLET @ VDPWC = (WCHW2)/(RHOZ X ADWC)
MAIN ENGINE vOWm: Wz /(RWDZ % ADwm

COMPUTE NODE 5 PARAMETERS. NODE 5 |S A
CONVERGENT WYE, MIXING STREAMS OF DIFFERENT
TEMPERATURES. 1Ff NO WASTE HEAT 3JoiLeR 1S
INSTALLED TEMPE RATURE OF THE MAIN BRANCH ,
EXWAWST FROM THE ENGINE IS

TMAIN= T8 ELSE

TMAIN = 170.0+(370 % 107 % HP)

COMPUTE TEMPERATURE IN COMBINED EXWAUST STACK
BASED ON MIXING ENTHALOPY OF (DOLING AND
EXUAUST 3STREAMS.
COOLING ENTHALOPY: HSEC:(1.42{385E-5x TMOD +
221090 # TMOD + 56373
EXHAWST ENTHALOPY: HMAIN = (| 5605IE-§ ¥ TMAN +
22388 K TMAIN + 475396
COMBINED ENTHALOPY: HSTACK = (WB/(WB+WC)) *
HMAIN + (WC/(w B HwC) * HSEC

EXHAUST TEMPERATURE : TS5 =€0.000841) & HSTACK +
4.33577) X HSTRUC-9.5778

[
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COMPUTE ASSUMED DENS!TIES AT NODE §
RMOCC : PTS/(R*T5)
RHOCB = PSEC/(R# TMop)
RHOCM = PMAIN / (R TMAIN)

COMPUTE VELOCITIES AT NopE 5 BASED
ON ASSUMED OR CURRENT ITERATION DENSITY
VewWB = WC /(RHOCB % ACWB)
VewC: (W +WB)/(RHoCC % ACWC)
VCWM: W8 /(RUOCM * ACWM)

COMPUTE THE VELOCITY PRE SSURES AROUND
NODE §.
PUB =RHOCB % VCWB #x2 /(2.0 * 32.174)
PVC: RHOCC* VEWCx %2/ (2 0 * 32. 174)
PYM=RHOMEVCWM ¥x2 /(2.0% 32.174)

o
_ COMPUTE THE STATIC PRESSURES AROUND
NODE 5.

- PsB= PSeEC- PVB

PSC= PTS - pVvC

,_" PSM = PMAIN- PVM

|
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COMPUTE DENSITIES AROUND NODE §

BASED ON STATIC PRESSURES
RHOCLBT= ?SB/(R*Tmoo)
RHOCCT: PSC/(R%T5)
RHOCMT+ PSM/(R% TMAIN)

o Tr 0
n i
N

P y————

BETWEEN THE ASSUMED
DENSITIES AND COMPUTED
PENSITIES LESS THAp

NO

y
LET ASSUMED
DENSITIES EQUAL

.

[ - COMPUTED DENSITIES
?] F
b INITIALIZE INLET CONDITIONS
} , FOR BRANCH 5-6
- TIN=TS
Y. W=WC+W8
! PTIN = P(p ¥ 144.0 + DPSb
. DPS6= 0.0
-
o FOR EACH FITTING IN BRANCH 5-6, CALL FiTDP
. To COMPUTE PRESSURE LOSS IN THE FITTING.
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THE SUuM DPSe= DP56 + DELP 'S
THE PRESSURE LOSS FOR THE
BRANCH.

EXIT PRESSURE FROM BRANCH 56
MUST BE ATMOSPHERIC, A BOUNDARY
CONDITION. COMPARE COMPUTED
OUTLET PRESSURE WITH ATMOSPHERIC
TEST = ABS(PTOUT- PP x (44 .0)

TEST LESS NO

THAN | PSE
?

YES

LAST DPS6

NEW INLET PRESSURE
IS COMPUTED WITH

A

COMPUTE TOTAL PRESSURE
AT NODE S

PTS = PO x 144 0 + DPS6

s
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o
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INITIALIZE INLET CONDITIONS
FOR BRANCH 2-3
PTIN:=PTZ
TIN:T@r4597
DP23=0.0

FOR EACH FITTING IN BRANCH 2-3

CALL FATDP TO (LOMPUTE PRESSURE

LOSS IN THE FITT I NG. THE SumMm .
DP23 = DP23 +DELP

1S THE PRESSURE LOSS FOR THE

BRANCH

IN\TIALI2E INLET CONDITIONS FOR
BRANCH 3-%5

PTIN = P8 %144 ¢

TIN=T8
ppP3s= 0.0

FOR EACH FITTING IN BRANCH 3-5
CALL FITDP TO (OMPUTE PRESSURE
LOSS IN THE FITTING

- S < Vet
VPP ST S SO S W U SP oy

PRI W W
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s THE SUM DP35 = DP3IS+ DELP
1§ TUWE PRESSURE (0SS FOR THE
BRANLH

¥y v‘_.’- .‘—.‘:.‘,:‘ . ‘:"' g ;

COMPARE EXIT PRESSURE FROM BRANCH 35
WITH TOTAL PRESSURE AT NODE 5, PT 5,

g LOMPUTED EARLIER
] TEST = ABS (PTOUT- PTS)
. :
{s
TEST LESS NO
(1 Tumy
a ?
p NEW INLET PRESSURE
. \S COMPUTED WITH
LAST DP3S
K

&3 SINCE ASSUMED INLET AND EXWAUST

i LOSSES WERE USED TO COM PUTE ENGINE
PERFORMANCE, COMPARE ASSUMED AND

° COMPUTED LOSSES AND REPEAT I[TERATION
IF_ REQUIRED




e Y O
bR fae fine i B L S LA S0 A At e B e B e

TEST1 = ABS (pp12 + DP23 - INLOSS)
TEST2 =ABS (DP35 +DP56-EXLOSS)

TEST1 OR
TEST Z GREATER

THAN 1 PSF
7

USING COM PUTED
NO INLOSS AND EXLOSS
REPEAT ITERATION

E'
(- 5
- INITIALIZE INLET

CONDITIONS FOR

BRANCH Z2-4
TIN = PT2
pp24 = 0.0
TIN = T) +459.7 J

N
FOR EACH FITTING IN BRANCH Z-4, <ALL
CI1T 0P TO COMPUTE PRESSURE LOSS IN THE

FITTING. THE Sum DP24=DP24 + DELP
IS THE PRESSURE LOSS FOR THE BRANCH

n

1k
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INYTIALIZE INLET CONDITIONS
FOR BRANCH 4-5. INLET
PRESSURE IS A FUNCTION OF
FAN CHARACTERISTICS AND
FLow
TIN=T4
PTIN = PTouT + (K * ((
WC /RHOSTD % 60.0)-
CEFMMAX) XX Z +
DPMAX) * 519696
DP45 =00

FOR EACH FITTING IN BRANCH
4-5, CALL FITDP TO COMPUTE
PRESSURE LOSS IN THE FITTING
THE SuM DP45 = DP45 + DELP
{S THE PRESSURE L0OSS FOR
THE BRANCH

N

o
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EXIT PRESSURE FRom BRANCH
S 4.5 MyusT BE EQUAL TO PT5
[ TEST < ABS (PTOUT -PT5)
(.
4
5 TEST LESS
THAN 1.0PS
[ ]
F )
YES |INCREASE THE ASSUMED

COOLING FLOW A SMALL

AMOUNT AND REPEAT

ITERATION

M = WC + oN
B

SYSTEM |S MATCHED
CALL QUTPUT AND PRINT

o
: SYSTEM RESULTS Tp THE

USER'S DiISk
_. ]

RETURN TO MAIN
PROGRAM
'0
1EL
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[‘ YI. FITTING PRESSURE LOSS CALCULATION

3 SUBROUTINE. SET up TO COMPUTE

i PRESSURE L 0SS AND VELOLITY DQT’A FOR

30 FITTINGS LISTED IN THE MENU

DATA
GAS CONSTANT , R= §3.34924¢
RoUGUNESS , E=0000/5

LOMPUTE VISCOSITY OF AIR, Mu,
AS A FUNCTION OF TEMPERATURE

MU =(2995 +0./87304 » TIN ~
2.67587E-5 % Tin%x2) ¥1E-7

4
ASSUME A VALUE FOR RHO J

RHD = PTIN/(I{ % TIN)

u COMPUTE VELOCITY OF FLOW
-

V= W/(RHO X DATA1)
h‘ /
S B
|
!
K
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CoMmpPuTE FPRESSURE VELOLITY
Pv= RO %V *x2/(2.0%32.174)
COMPUTE STATIC PRESSURE
’e PS = PTIN ~ PV
COMPUTE DENSITY OF GAS ENTERING
FITTING USING PERFECT GAS LAW
RHOT = PS/(R*TIN)

A4

F'.

+ LOMPARE (OMPUTED RHO AND
-

. ASSUMED RHOD

ia TEST = ABS(RUOT - RuO)
A

o

AR
4

T e

USING LATEST VALUE
FOR RHO COMPUTE

r' VELOCITY OF FLOW
- COMPUTE REYNOLDS A

g NUMBER

°

' RN = RHOT * DATAZ ¥ v/Mu

. c

'O
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GO TO THE COMPUTATION FOR THE TYPE OF FITTING

SIMPLE FITTING
# I/ 3/ 4’, 8/ ql 22124, 26:2'9

STRAIGHT DucT
#2

ELBOW
#5,0,10 11,12

SMOOTH RADIMS RECTANGULAR ELBOW ;@

7l F

#7

BRANCH SECTION DIV. WYE

#13 H
MAIN SECTION DIVERGENT WYE

#14 {
BRANCH SECTION CONV. WYE

#15 J

MAIN SECTION CONVERGENT WYE

#16 1 K
DIF FUSER

#17,18,19,20

CONTRACTION
#+21,22

INLET FILTER >

# 24 N

GAS TURBINE MODULE 5]
#20 0

WASTE HEAT BOILER
#27
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SIMPLE FITTING, COEFFICIENT (DATA3) TiMES
@__, VELOCLITY PRESSURE
DP=DATA3 x pv
PTOUT = PTIN -DP
TOuT =T|N
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STRAIGHT DUCT, FRICTION FACTOR F, TIMES &
@—6' TIMES VELOWLITY PRESSURE L DATA3 D:DATAZ
° F=0125/(AL0G10(E/3.7 ¥ DATAZ)) +

574/RN X% 09) % %2
DP= F * DATA3 /DATAZ * PV
i TouT = TIN
() PTOUT» PTIN - DP

*

I——
e,

——

Q

ELBOW WITH REYNOLDS NUMBER
CORRECTION FACTOR, KRE
KRE =1.3101-0.1485 % ALOG (RN % 1 E-4)
DP = DATA3 x KRE % PV

TOUT = TNy
PTOUT =PTIN-DP
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@——H WITHOUT VANES, REYNOLDS NUMRER (CORRECTION

BRANCH SECTION OF A DIVERGING WYE. LOSS
@—> IS DEPENDENT ON VELOCITIES IN MAIN SECTION

~

SMOOTH RADIUS RECTANGULAR E LBOW

FROM TABLE IN THIS SUBROUTINE
RN 10000 — KRE = |\
RN > 10000 —» KRE FROM TABLE
C=DATA3
DP= C X KRE % pPv
TOUT =T IN
PTOUT = PTIN - DP

Y

Q

(VDWM), COMBINED SECTIOoN (VDwe), BRANCH
SECTIoN (VOWB ), AND DIVERGENCE ANGLE
TEST = (ADWm -Apwc)/ADwWe

TEST < 0.05

RSP S ot

?
¥ KZ=(((-3.59147E-8 % ALFAD + k1=10
b
g 3 8309€-6)K ALFAD+ 5. M E-5) RR = VOWB/NDwm
e X ALFAD + 1.04E-3)X ALFA D IF RR>0.8 K1=0.4
: 4+ 00000617 C= K1 #(lLO+(VDWB/VDWC) ¥x 2~
- C=10+(vown/vowc)*x 2-2.0 2.0#(Vows/vDwC) ¥ Cos(ALFap/
%(yowB/vowe) * cos(Acray 573))
e 57 3)- K2 %(VDWB/vowc k2
_ ]
g ¥
PV*RHO X vOWC %2 /(2 0% 32.174)
{ DP: C » PV
5 PV =RHO ¢ VOWB x%2/(2 O %32.174) Q
o PTOUT: PTin- PP
TOUT = TIN
182
[ ]

. Toe T om Rl




./

k]

I S e S

T ¥ v W P Sl

RO N

a .

MAIN SELTION OF A DIVERGING WYE
COEFICIENT BASED ON VELOWLITY RATIO

@_-) C=0.4% (1.0-VOWM /VOWCL) x % 2

PVz RHO % VOWC %% 2 /(2.0 %32 .174)

DP=C % PV

PV= RUO ¥ VDWM %%2/(2.0%32.174)

Prout = PTIN -DP
Tout = TIN

BRANCH SECTION OF A (ONVERGING WYE
@_’- C=lOo+(VewB/VEWL) %%2-20x% AWM
ACWC % (VEWM/VCWC) kX Z - 2.0 x ACWB/

ACWC * (VCwB/vewe) ¥x 2 % Cos (ALFA C/53)

PV = RHOCC % VEWE % x2/(2.0 % 32.174)
DP s C % PV

PTOUT = PTIN-DP

TOUT = PTOUT/ (R * RHOCC)

MAIN SECTION OF A (ONVERGING WYE
| Ki=1.15% (ACWB /ACWO) % x2.21 4+ (-
®—> ALFAC/60.0) * (ACWB /ACWC) ¥ 0.4
TEST = ABS(( A CWM-Acwe)/ACWC)
IF TEST £ 0.05 THEN K| =00
C=lo+(vewm/vewe) ¥ ¥2-2.0 xACWN\/
Acwe *#(vewm/Vewe)*%2-2 .0 »
(ACWB/ACWO) X (VEwa /vewe)*x 2 %
COS(ALFAC/S7.3) + K
Dp= C % PV
PTOUuT = PTIN - DP
TOUT = PTOUT /(R * RHDCC)
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DIFFUSERS
@_" L’SQKT(q’O*DATA\/!-HIQ,)

@——) V=W/(RHO * DATA4)
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RN:=RHO ¥L *V/Mu
LAMDA = 0.3164/RN % ¥ 0.25
CFR = DATAZ ¥ LAMDA
C=CFR + DATA3

PP =(C * PV

PTOUT = PTIN~DP

TouT =TIN

CONTRACTIONS

PV:RHO X VX %2/(2.0%32.174)
DP = DATA3 %PV

PTOUT = PTIN - DP

TouT = TiN |
y
Q@

INLET FILTER, PRESSURE LOSS

| BASED ON FACE VELOC ITY
DP=(DATAZ % V¥ x DATA) ¥ 5.1269¢
PTouTt =PTIN- DP

TOUT = TIN

Q
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N
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GAS TURBINE MODULE , 6E LM2500

- LOSS BASED ON MASS FLOW RATE OF

- @_’ COOLING AlR THROUGH THE ModuLe

h DP= (1. E-3 %W % %2.15)% 519646
pv = 0.0

r'- PTOuUT =-PTlN’DP
TOUT = TIN 4 zs.o/w x LHP/?.oooo Oaﬂoo.o)

: WASTE HEAT BOILER, GAS SIDE PRESSURE
" @__) LoSS BASED ON TUBE BUNDLE GEOMETRY,
g VELOLITY IN NARROW PASSAGE OF TuBE
' BUNDLE, FRICTION F‘I;CT'OR/F/( FUNCTION
OF REYNOLDS NUMBER

V=V *x DATAL

Pv=RHo XV x%xZ /(2.0 % 32.174)

RN = RHO %V % DATA4 /Mu

F =1334 xRN % % (-0.1453)
DP = F ¥ DATAZ X PV

'.
.
- .

6 S

LI I
e e .

}‘- PTOUT = PTIN -DP
I TouT=0.0085 X HP+247.0 +T¢@
- RHO = (PS-DP) /(R% TouT)

V= W(RHO ¥ DATA|)
o Pv= RHO* VX %2 /(2.0 * 32.(74)
t
r,. RETURN TO SYSTEM

SUBROUTINE

1"7’3
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ARPENDIX C
USER 'S MANUAL

A. GENEBAL

The purpose of this program is to andlyze 2 marine 4as
turbine installation on board a ship complete with irlet,
exhaust, and cooling ductworke. Tae duct jeometry must be
input to the program to accomplish this. The program makes
a file called "duct Jata" which contaias resistance informa-
tion on each fitting entered. This £file may be edited witn
toe tuilt 1in editor cr if the wuser 1s satisfied withk the
current design the file is read by tae program and used in
the COMPUTE section of the prograa. COMPUTE uses tnhe duct
data file arnd inputs dealing with the operating poirt of the
€ngine to proluce the performance parameters of the system.
Performance includes Loth engine parameters and duct losses.
All procedures in the program are accomplished using an
interactive terminal session.

There are two versions of the prograa discussed in this
user's manual. Version 1.0 is iapleaented on the NPS IBM
3033 computer. Version 1.1 is implemented on the NPS VAX-11
computer.

This user's manual will discuss the questions posed by
the program. Familiarity with the program sections and the
questions asked in eacn section will facilitate progranm
execution and help rroduce reasonable results. The most
critical area for familiarity is ia the BUILD and EDIT
sections of the prograam. It is not so «c¢ritical in the
CCMPUTE section of the program because only two questicns
are asked for each «cperating point run after the amtient
conditiors are input.
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B. PRELININARY

The program does not design ducts or read mecharical
drawings. The user plays a vital role by interpreting the
system Icr the program. Some fittings are easy to reccgrnize
such as e€lbcws, straight Jduct, transistions, dirfusers and
contractiorns. Some are harder to understarnd, like diverjinj
ani convergingy wyes. Each fitting listed 1in the @aenu is
sketched for the user. The sketches snow a typical vlew fLut
renemkber that the dimensions shcwn on the drawiajs are vari-
atle inputs so the configuration carn chnange drastically by
looking at a fitting over the range of variable Jimensions.

Before rurning the program the user should beccme
familiar with the fitting sketches. Comparing the sketch t>
the fitting to be modeled will assist the user in gregaring
a list of fittings fcr the system. The user should rote the
dimensiorns and be prepared to input them to tne progran.

The rrogram looks for fittings in a definite seguence.
3ranches are groups c¢f fittings or sections of the ductwork.
Branches run from node to node. A node is an entry, e€xit,
junction, fan, or e€ngine. Refer to figure 2.6 <£for the
variouys system configuratiors. wodes are inldicated in tais
figure Lty tne nuabered black dots. Nodes have nuanters {rorm
one to six. The brancnes get their number designation froco
the end point nodes. The user shoulil become familiar with
the system schematics then it will be easy to understand the
crier that the program will be asking for fittirngs.
Branches are entered in a2 sequence from the lowest number
node to the next lowest number node untii ail fittingjs are
entered. For example, a class three system enters ktranches
in thke fclicwing order; 1-2, 2-3, 2-4, 3-5, 4-5, 65-6. To
as3ist the user when entering fittings the projram disrlays
tae currert fitting identification rumper on the screen wita

the LeLu. The ID number is a six dijit number where tae
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first digit is the system class, the next two digits are the

o

‘ tranch numker and the last two numbers are the seguence
number of the fitting in the ftrancn. A terminal sessiorn has
teen recorded and the printout annotated to show trnis

PP

numkter.
h It would be helpful to percil in the rnode auabers in the
[ system drawings. The following table maay help.
{ TABLE II
4
( Fode Designations
{
4
Main air inlet (engine only or combinel)
2 Cooling air inlet or divergent wye
off main inlet
3 The engine
A fan
Cooling air e€xit or convergjent wye
with mdin exhaust
6 Main exhaust (engine only or combined)

The user should prepare a 1list of fittingjs organized by
tranches and continucus with regard to the sequence of
fittings. It's the old "toe bone <connected to the fcot
fone" idea. As an example, the following 1list may help.

node 1
vert intake, 3 orifices, with louvers
straight duct
rectangular contraction
smooth radius rect elbow
rode 3

etc.
Do not <iorgjet to include abrupt exits where they aprear.
Sometimes it 1s easy to overlook aL obvious fitting such as
tke engire module as part of the coolinj air ductwork.
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Cnly the class one system does not have either a diver-

gent wye or a coanvergent wye. Class three and five have

both. The divergent wye is fairly straight forward. The
user only needs to erter the areas indicated 1n the sketcha

and the angle of divergence (0-90). The branch section of
no rfan) and the mair section (combustion air) 1s the {irst

3 the divergent wye is the £first fitting in branch 2-4 (2-5 if
fe

¥

» fitting in brainch 2-3. The conbined area and the diver jernce
i argle are data entered when entering the brarnch of the
[ diverging wye. The convergent wye is a more coaplex., It is
}Ga located at node five. The kranch of a coavergjent wye should
te the last fitting c¢f branch 4-5 (2-5 if no fan). It wall
E usually ke the fitting after the module. The main section
[ (engine exhaust) of the convergent wye is the last fitting
1 of Ltranch 3-5. Usually there are just two fittings in
trranch 3-5. The first is the nozzle or extension tolted to
tke exhaust plane flange of the engine, and th2 last is the
{ maia section 2f the convergent wye. The combined area and
ﬁi convergence angle are data entered with the kranch sectiorn.
The convergence angle is usually =zero and the combined area

is abcut equal to the sum 9f the aain and branch areas.

Y
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FITTING NAME: ) . NUMBER:
Vertical intaxe shaft with side oriiices, d1
with or without louvers

—

SKEICH:

#
7’ S
/ 3 '
—~ 7 Y —— INLET
7 3
SHAFT
AREA OPENINGS
F 7 F 1T nr ar 3
WITHOUT LOUVERS 1 2 2 3 4
} U 6 I SR Ry -
P

WITH LOUVERS 1 2 2 3

INPUT FEQUIREMENTS: . -

1. The number of orifices (1,2,3,0r 4) )

2. The cross section area of the vertlicalsharft

3. With two orifices, whether they are adjacent

CrC cpposite ‘

4, 1If tbere are louvers installed

DUCT CATA FILE ENTERIES:

WCFKE (I,1) WORKR (I,2) WORKER (I, 3) WORKR (I, 4)
shait 0.0 resistance shaft
area coefrficient area

REMARKS: - —__ ,
The lcuvers are flat plates of standarl configuration.
The opening areas are not required tut snould’te
aﬁprox1mately proportioral td those sanown in the
sketch.

REFERINCE: , . o
Hardbock of Hydraulic Resistance, Ideltchik
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FITTING NAM

G E: NUMBER:
Straight duct, rcund or rectangular 02

SKEICH:

D ) CIRCULAR
ad

i L 1
b
RECTANGULAR
a -
| L
|
INPUT REQUIREZMENTS: - T
1. Rourd: diameter apnd lenjth ,
2. rectangular: cross sectlon dimensions (a,b) .
length i
DUCT DATA FILE ENTEIES: 1
WORKEK (I,1) WORKR (I,2) WORKR (I,3) WCRKR (I,4) i
section diameter or iength secticn |
area equivalent area j
REMARKS: T

Da;c¥7wlesbach Equation used for r2sistance,
Friction factor Ey correlation by 3wamee & Jain.
Equivalent circular diameter computed for ractargular
séctions. Length should be measured to the centeér o:f
short fittings anl to the start or end orf a lonyg
fitting.

REFERENCE: . B -
Mecharics of Fluids, Shames
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FITTING NAME: . NUMBEE:
Smooth radius round cross section elbow 03

SKETICH:

INFUT FECUIREMENTS:
1. Cross section diameter )
2. Radius of the turn measured to the centerlire of
the section
3. The turn angle

DUCT ZATA FILE ENTEFIES:

WCRKE(I,1) WOEKR(I,2) WORK& (I, 3) WORKR (I,4)
section 0.0 resistance section
area coeficient area

REMARKS:

Turn angle should be from J to 90 degjrees.

Nyee

JNDAMENTALS 1981, chapter 33

179




——

Ty

AR A |

FITTING NAME: . NUMBER:
Segmented round cross secgtion eltow Jy
3,4, or 5 segments, 90 Jdegree turn

SKEICH:

{ THREE SEGMENTS SHOWN
(THERE MAY ALSO BE
R
FOUR OR FIVE SEGMENTS)
90 DEGREES \\__//
D
INPUT FEECQUIREMENTS:
1. Numker of segments
2. C(Cross section diameter .
3. PRadius of the turn measurei to tae centerlire

of the turn

DUCT CATA FILE ENTEFIES:

WORKXX(I,T) WORKR (I, 2) WORKR (I,3) FORKR (I,4)
section 0.0 resistance secticn
areca coertficient area

RZMARKS:

Note that t < numker of segments inciudes tne entry
and exit sceyments.

LNCE:
FAE

rris

UNDAMENTALS 1981, chapter 33
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FITTING NAME: NUMBEr:
Mitered round crcss section elbow 05
SKETICH:
Se- =
~
\ )
—_———t . e = AL
77_'_"_' a— OPTIONAL CASCADED
AN« VANES
;‘/ THETA
|
Dl
INEUT FECUIREMENTS:
1. Cross section diameter
2. Turn ang.e
3. Whether or not concentric guide vanes are
installed
DUCT CATA FILE ENTERIES:

WCRKER (I,1) WOKRKR (I,2) WOEKa (I,3) WOnKR (I,4)
section diageter resistance section
area coefficient area
REMARKS: , , T

A Reynolds number correction is applied to this Iitting.
REFERZINCE:
ASHRAE FUNDAMENZALS 1581, chapter 1313
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FITTING NAME: . NU
Mitered rectangular cross section elbow
without turning vanes

SKETICH:

(S}« 4
o

THETA

S

UT FEQUIREMENTS: _ ,

. Height of the elbow, dimension parallel to turn
axis

Width of the e€lbow, dimensioa in tke turn fglane
Turn angle

.ffﬁw<., ——
9, S
W)

[ ]

! DUCT LATA FILE ENTRIES:
¢ WCRKE (I,1) WORKR (I,2) WORKR (I, 3) WORKR (I, 4)
b section hydraulic resistance section
>. area dianeter coefficient area
REMARKS:, . . R )
) This fitting has a Re¥nqlds nuaber correction applied
L to the resiStance coefficient.
[
o
—_— }
REFERENCE: |
- ASH2AE FUNDAMENTAILS 1981, chapter 33
} _ I
o
-
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FITTING NAME;

\ S A 2 S0 e
et 8 2N
PR

guide vanes

‘ Smooth radius rectangular elbow witaout

O

~m
I
23]
.

SKETICH:

" y———w H‘f,‘;'.‘,
h e e . # AP

INEUT FEQUIREMENTS: , .
1. Helght of the elbow, the aiamension parailel to the
turnh axis . ,

2. Width of the elbow, thLe dimension in th2 turn plane.
ﬁl 3. FRadius of the elbow measured to the centerline of
- the elbovw.

9 4. Turrn angle

[

3 DUCT DATA FILE ENTFIES:

- WORAR (I, 1) WORKR (I,2) WORKR (I, 3) FORKR (I,4)

' section hydraulic resistance radius/
area diaseter coefficient width

R RKS:

W W W TR
A

EMA
This fitting nas _a Reynolds number correction.
The correction also varies with the R/W ratio.

REFERENCE:
ASHRAE FUNDAMENT2IS 1981, chapter 33

T
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FITTING NAME: NUMBER:
Smooth radius rectanjular elbow with 03
sglitters

SKETICH:

W
THETA
]
TWO SPLITTE?S SHOWN
(THERE MAY ALSO BE
ONE OR THREE)
INPUT FZZUIREMENTS:

1. Number of splitters,
2- Helght, distance parallei to turn axis
3. Wid distanpce in turn plane
4. Radius of eltow to section centerline
5. 7Turn angle

DUCT LATA FILE ENTEIES: -

WCKKE (I, 1) WOEKR (I, 2) WCRKR (I,3) WORKR (I,4)
section 0.0 resistihce section
area coefficient area

REMARKS:

None
REFERZINCE:
ASHRAE FUNDAMENTALS 1681, chapter 33
184
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FITTING NAME: .
Mitered rectangular elbcw with vanes

(o2
Welod)

[2 4]

SKEICH:

AREA

THREE VANES SHOWN

(THERE MAY ALSO BE
ONE OR TWO)

INPUT FRECUIREMENTS:
1. Number of vanes (1, 2, or 3)
<. Cross section area

DUCT CATA FILE ENTKRIES:

WORKE (I ,1) WORKR (I, 2) WORKR (I,3) WORKEK (I,4)
section 0.0 resistance section
area coefficient area

REMARKS:

Flat plate turning vares are used.

RE CE:

FTEREN
ASHRAE FUNDAMENTALS 1981, chapter 33
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FITTING NAME: . ) NU
hKectangular elbow with coaverging or
diverging flcw

-k

ow
n
U
L]

SKETCH:

WO

Wl

INPOT REQUIREMENTS: _. , _
1. Iclet bheight, diasension parallel to turn axis
2. Exit heijht, dimension parallel to turn axis

3. Constant wlath, dimension in turn plane

DJCT LATA FILE ENTFIES:

WORXR (I,1) WORKE (I,2) WORKR (I,3) WORKR (I,4)
inlet inlet hyd. resistance outlet
area diameter coefficient area

REMARKS:

Elbow should have a 90 deg tura.

The width should remain constant in the elbow.
REFERENCE:

ASRHAE FUNDAMENTALS 1981, chapter 33
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PITTING NAME: ,
Two 90 degree rectangular elbows in a
Z-shaped Configuration

-
[~
-
-2ty
ta
'n
L[]

SKEICH:
W \
7 N
4

INEUT REQUIREMENTS: , , .

1. Height of eltows, dimension parallel to turn ax‘

2. Width of elbows, dimension in turn axis

3. The distance tetween the centerlines of the offset

duct

DUCT LATA TILE ENTEFIES:

WORKE (I, 1) WORKR (I,2) WORKR (I,3) WORKR (I,4)
section hydraulic resistance sectior
area diagmeter coefficient area
REMARKS:
None.
REFERENCE:
ASHKAE FUNDAMENTALS 1581, chapter 33
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FITTING NAME:

1~
=]
-
o
™
Ied)
.

Two 90 degree ellows in different planes

SKEICH:
W
~~ T
H
—iL
4
INPUT REQUIREMENTS: . ) .
1. Helght of elrow, dimension parallel to turn axis
2. Width of elbcew, dimension in the plane of the turn
3. TCistance between the centeriines of the iuct

conrnected to this arrangement

DJUCT CATA FILE ENTEKIES:

WORKR (I,1) WORKR (I,2) WORKK (I,3) FORKE (I,4)
section Hydraulic resistance section
dr€a Diareter coerficient area

REMARKS:

Resistance coefficient is a curve f1t to the
tabulated data.

RE

CE
E

FERENCE:
ASHRAE FUNDAMENTAILS 1981, chapter 33
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FITTING NAME: ) v NUMBER:
Diverging wye, branch and main sectioas 13 5 14
SKETCH:
COMBINED INLET AREA
(ADWC)
BRANCH
AREA | MAIN JET AREA
(ADWB) ‘ﬂ-d\/_d (ADWM)
INEUT FEQUIREMENTS: ) ,
A. EBranch section B. Maln section
1. combined area 1. aaia area
2. tranch area
3. divergence angle
DUCT DATA FILE ENTRIES:  (fittipg 13&
WCEKE(I 1) WORKR (I,2) HQﬂKR( ¢ 3) WIEKR(I,4)
comcined branch divergjence Eranch
area area angle area
REMARKS:

The divergence angle should follow some centerlire
streamliné. The Aareas are cross section areas
perpendicular to the streamiine in_the sections
away frem the dividing location. CJooiing air flows
through the oranca seCtiorn. Main inlet air to the
enjiné flows through the main section. Both flow
thfougnh the combinéd secticn.

REFERENCE:

Handtook of Hydraulic Resistance, Idel'chik
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FITTING NAME:

T

1. Ekranch area 1.
2. ccubined area

3. converjence angle

24ai1n area

, NUM3ER:

Convergent wye, rrancn and main sections 15 & 1¢

SKETCH: )
SCHEMATIC
} MODULE EDUCTOR
X COMBINED
- AREA
- (ACWC) \. COMBINED
_(5 BRANCH . EXHAUST
f AREA
ALFA (ACWB)
- MODULE
‘o
' — (RECTANGULAR
: MAIN : OLLECTOR
) N

= A CONTRACTIONYF

(ACWM)
(-]
N INPUT REQUIREMENTS: : ,

A. Branch secticnh B. Main section

.
- . A A .l P . Dol B

130

DJ3CT CATA FILE ENTEIES: (fitting 13)
WORKE (I,1) WORKR (I,2) WORKR (I,3) WORKR (I, 4)
3 comrine branch conver jence brarnch
] area area angle area
® _ —_
REMARKS: ; _ . ) ,
The kranch area has moduie cooling air flowingJ through
i1t. The main are€a has englae exhdaust rflowing througsh
it. The combined area had both. The anyle should Ee
measured to representative streamliines at the plane
where the two flcws neet.
L
KEFERENCE ; A o
Handtkook >f Hydraulic Resistance, Idel'chik
[ ]
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PITTING NAME:
Conical diffuser

SKETICH:
DO D1
4
L
INEUT FECUIREMENTS: _ -
1. Length of the diffuser
<z« Inlet diameter
3., Cutiet diameter o
4. Is there distorted flow at the iniliet .
5. Are tnere dividing wall or bafrles installed to
reduce resistarce
- ——A
DUCT LATA FILp ENTERIES:
WCaKE (I,1) WOEKR (I,2) WUXKn (T, 2) WOEKEK (I,4)
inlet friction filow | sutlet
area coefficiernt coerficient area
- -— —{
REMARKS:

The [frogram recognizes a wide diverginyg anjle ard

warns the user. "Resistance in this case may
reduced by 35 % with 1nstallation of pafries.

De

Y
ok orf Hydraulic Resistance, I[del'chik
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FPITTING

NAME
Elane

NUMEER:
Ln-lxne diffuser 148

SKETICH:

)/

wo wl

T3

INPOT EEQUIREMENTS:
1. Llength of the diffuser
The constant heigth of the diffuser
The inlet width
The outlet wxdth
Distorted flo

a.
Se
« Installation of baffles

DUCT CATA FILE ENTGEIES:
WOEKKR (I,1) WORKR (I,2) WORKR (I,3) WORZXR (I, 4)
inlet friction flow = outlet
area coefficient coefficient area
REMARKS:

The dlvergence is assumed to be uniform witan respect
to the main centerllne. A wide divergence arngle_is
recoinzzed and the user is asked if dividinz walis or

f baffles are installed to reduce resistance.

9

- REFERENCE: _ ] , }

- Handkook of Hydraulic Resistance, Idel'chik
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FITTING NAME: . . NUMBER:
Pyramidal in-line diffuser 19
SKETCH:
Wl
B
] S—
HO r
y | —
H1l
O —

INEUT FEQUIREMENTS:
1. length of the diffuser i ) )
2. Smaller inlet dimension, larger inlet dimension
3. Dimensjons parillel to inlet " dimensions
4. Non-uniform velocity profile
S. Are baffles installed

DUCT DATA FILE ENTRIES:
WCRKE(I,1) WORKR (I,2) WORKR (I, 3) WOKKR (I,4)
inlet friction flow outlet
: area coefficient coefficient area
q
- REMARKS: , _ .
- A unifcrm divergence with resiecg to the centerline is
. assumed. Wide divergence_ angle is recognized by the
., rojram. _With wide angle the flow reSistance can
¢ e teduced by 35% with baffles or dividing walls.
¢
REFERENCE: . , .
Handktook of Hydraulic Resistance, Idel'cnik
¢
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FITTING NAME: _. NUME
Transition diffuser, rgund to rectanguiar 20
or rectanjular to roun

SKETCH:

\\

INPUT EBEEQUIREMENTS: = |
1. Manper of tranmsistion
« Liapeter ) ]
. rectangular dimeasions
4. length  of the diffuser, _ .
« DNon-uniforam velocity distribution
. Installation of baffles or dividing walls

PUCT DATA FILE ENTRIES:
WCRKR(I,1) HORKR‘I,Z) WORKR (I, 3) WORKEK (I,4)
inlet friction flow = | outlet
area coefficient coefficient area
REMARKS:

Unifcra divergence with respect to the cernterline is
assuped. Wade,d;vergence angle i1s recognized and if
baffles or dividing walls aré installed the resistarce
is reduced by 35%.

REFERENCE: ) . _
Handtook of Hydraulic Resistance, Idel'chik
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PITTING NAME: ) NUMBER:
Circular contraction 21
SKEICH:
—JP—
4
Dl DO
]
l L
INPUT REQUIREMENTS: .
1. ength of the contraction
2. Upstream dianpeter
3. LCownstream diameter
DUCT DATA FILE ENTEIES:
WORKR (I,9) WORKR (I,2) WORKR (I,3) WORKR (I,4)
outlet 0.0 resistance inlet
area coefficient area
REMARKS:

-~
A
-~
-

If_zou,negd a transitional contraction you could use
thiS fitting or fitting 22. The area of the iplet
or outlet would have tdO be converted to a circle or
rectangle as reguired by the geometry for input to
the rrograa.

wrry

.
LB

FUNDHAENTALS 1981, chapter 33
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FITTING NAME: . NUMBEE:

Rectangular contraction 22
SKEICH:

-
r ~ (BO
Al -~ ‘
A0
y
\ vl \
N \
Bl L

INFUT RECUIREMENTS: .

1. Length of the contraction

2. Upstreanm dimensions

3. TrCownstream dimemnsions
DUCT LATA FILE ENTRIES:

WCRKER(I,V) WOERKRR(I,2) WORKE (I, 3) ¥ORKR (I,4)

outlet 0.0 resistaance inlet

area coefficient area
BREMARKS; | . co

This flttxng can be substituted for a transitioral.

contraction The 1n1e% or outlet area should remain

the same and the area for transition converted as

required.
REFERENCE:

ASHRAE FUNDAMENTALS 1981, chapter 33
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PITTING NAME: NU
Screen

(S«

wto
tr
e}

SKEICH:

SCREEN AREA
(FREE FLOW MEANS HOLE SPACES)

\\'\xnucr AREA (OVERALL AREA)

INPUT EEQUIREHSNTS: .
1. Cverall duct cross section area
2. Screen free flow area

DUCT DATA FILE ENTHRIES:

WORKK (I,1) WORKR (I,2) WORKR (I,3) WORKR (I, 4)
duct 0.0 resistance duct
area coefrficient area

REMARKS:

This fitting is useful for the screea in front of
the engine inlet. The free flow area is the sur of
all the holes in the screen.

FUNDAMENTALS 1981, chapter 33
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PITTING NAME: NUMBER:
Louver inlet 24
SKETCH:
4
\ I
DUCT 45° DISTANCE
AREA ACROSS
LOUVERS
<: FLOW
DISTANCE
\\\ BETWEEN
LOUVERS
\ '
]

INEUT FECUIREMENTS: .
1. LDistance across the louver opeaings
2. Distance between the louvers
3. The number of openings between the louvers
4. TCuct area just insidé the louvers

DUCT LATA FILE ENTRIES:
WCRKE(I,?1) WORKE (I,2) WOKKR (I,3) AJQRKR (I, 4)
duct 0.0 resistatce duct
area coefficiernt area

REMARKS:
The correlation is for flat louvers with the front,
edges flat with the face of tne louvers. No friction
is“included in this correlation. Better models need
tg be develofed fcr louvers with moisture sepacator
edges. The louver angle is 45 degrees to the face.

EEFERgNCE: . ) .
Handtook of Hydraulic Resistance, Idel'chik
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FITTING NAME: NUMBER:
Filter 25
SKETICH:
o
5
A
LN
e
Fﬂ
N
L] .
: 3\“%
FACE
AREA
INPUT REQUIREMENTS: )
None if the default value is used.
If another filter type is to be used then the
user should provide pressure loss data as . a
function of face velocity. Only a few points
are required for the power curve fit to work.
The pubter of points 1s an input (two min.)
DUCI DATA FILE ENTBIES:
- WORKR (I, 1) WORKR (I,2) WORKR (I,3) HORKR (I,4)
2 filter face multxfller exponen{ filter Zace
} area (A (B) area
E REMARKS: L .
o The power curve fit is of the fora:
- delta fressure (in WG)= A*(velocity) *#*B
b
‘
-
.
3 REFERENCE:
X Filter manufacturer's data
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FITTING NAME: ) NUYBER:

Multi-taffie type silencer 26

SKETICH:
T C DISTANCE ACROSS DUCT
H
L g G
N IS THE NUMBER
~ OF GAPS
INEUT FREQUIREMENTS:

1. Gag between rLaffles

2. PBaffle thickness,

3. Baffle length (with _flow)

4. Cuct dimenSicn parallel to jJap

5. Luct dimension across japs

6. The number of gaps

JCT DATA FILE ENTKRIES:

WCRKR(I,1) WORKR (I, 2) WORKK (I,3) WORKR (I,4)
duct 0.0 resistance Juct
area coefficient area

REMARKS;

This i1s_a_composit model. The resistance coefficient
is mcdeled as a sudden contraction, friction along the
length of the baffle, and a sudden expansion. It is
not a verg good scdel and a model pbased on experimental
data woul e better.

REFERENCE: ) ) . .
NAVSEA Inlet Design Handcoox for Marine Gas turbines
200
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FITTING NAME: NUnBER:

Gas turkine module 27
SKE1ICH:

GAS TURBINE MODULE
% & COQLING AIR PASSAGES ONLY **x

INPOT REQUIREMENTS:

None
DUCT LATA FILE ENTRIES: .

WCKEKE(I,1) WORKRE (I,2) WORKE (I,3) WORKR (I,4)

1.0 1.0 1.0 1.0

REMARKS:

This model is based on the mass flow rate of coolxng

air th:ouih the module., It is _a power fit to data Irca

General Electric Co. It should be gooq as long

entr¥ and exit areas remain about the sanme. e

in e duct data file are there to fprevent ixv1s;on b:

z€éro in the program and are not actually usei.
REFEPENCE:

Manufacturer's data
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o FITTING NAME: ) NUMBER:
i: Waste heat recovery boiler 28

{

3

. ]
e

, NUMBER OF ROWS TUBE
[ BUNDLE

SKEICH:

b‘ EQUIVALENT

a A~ DIAMETER f f
/ \
NUMBER OF =e—
, TUBES IN A ,-~.\<:::);/——\‘ [ DIsTancE BETWEEN

ROW ( \ <7 \_ﬁ ROWS
\ ) \ )}
4 N~ _

- _ DISTANCE
: BETWEEN
TUBES IN A

ROW

. INEUT EEQUIREMENTS: , .
- A default is available. It is based on curcent design
" considerations in the racer program. Shoull you
choose not to use it several 1inputs are requiread.
Read the reference and be prepared to entelf the values
shcwn on the sketch and a Zew you will have to compute
; yourself (i.e. tuke equiv. dia. and hydraulic d4ia.).

- DUCT DATA FILE ENTERIES:
g WCRXE(I,1) WORKR (I,2) WORKR (I, 3) WORKR (I,4)
o duct 0.0 resistance iuct
& area coefficient area
..‘.
fl- REMARKS: . . .
y " If the nmanufacturer will 820Vlde the data, write your
s own model, but this should be close for preliminaly
- studies.
o
REFERLNCE;

Extended Surface Heat Transfer, Kerns and Krauss

pages 5&2-589
@
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FITTING NAME:
Abrupt Exit

orm

[\ S1e 4

SKETICH:

OUTLET AREA

N

REMENTS:
X1t area

(0] o]
(=
-

WOEKEK (I, 3
1.0(')

WORKR (I,4)
exit
area

KS:
duct, hénce a coefficient of 1.0.

vélocity energy is assumed lost_after exiting

E.

e

UNCAMENTALS 1981, chapter 33
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C. EXECUTING THE PRCGRAN

1. IBNM 3033 at ME

Issue the following commands to compile ard execute

the progranm.

FCRTHX filename

GLOEAL TXTLIB FORTIMOD2 MODZ2EEH NONIMSL

ICAD filename (START
“filename" is the name of the program in the user's files.
NONIMSL is required tecause the program calls the NONIMSL
litrary with FRTCMS when defining files and clearing the CRT
screen. If the file has been compiled on the user's disk
the lengthy compiling may be omitted and issue just the last
twvo lines.

2. VAX-11 at NP

kn

The program version to be used is 1.1. This version
is a modified version of the program listed in Appendix A.
The mwmodifications include elimination of all calls to
FRTCMS. FRICMS is used for two purposes in version 1.0.
First to set up file definitions and second to> clear the
screen at appropriate times to prevent the format cf the
display from bpeing chopped uf. The file decfiritions in
version 1.1 are set up using the standard OPEN statement of
FORTRAN 77 used on the VAX-11/780 at NPS. All cails to
FRTCMS to clear the screen were deleted and are not necdel
on the VAX because it scrolls thne display from the bottom
and does not cut off any continuous screen displays. One
other change was made in the file Jefizitior area, all
writes tc¢ the terminal where made to unit 5 and all reads
from the terminal were made from unit 6. This agrees with
the convention of FORTRAN 77 as implemented on tne VAX. The
prograa ruas like any other program oa tne VAX, first the
projram must be compiled using the fortran <compiler, then

204
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L linked and rur. The program is stiil interactive on the VAX
and akout the only wocrd of caution reguired is to remenmter
to use CAPS ON or upper case input for logjical reglies.
Using lower case leaves the user in a 100p Where the projraa

keegs asking 1for for a correct reply. The duct jeometry
file 1pformatioa ison a fiie calied duct.dat and thae
performarnce informaticn is on a f£iie called output.dat.

D. BUILDING A DUCT [ATA PILE

The following fpages are a recorded session at the
terminal where the author entered a system in to tne
rrogran. The system wmodeled i1s made up from drawings for
tne propcsed Arleigh Burke ciass Juided amissile destroyer.
The session has been annotated to foint out features of the
prograas.
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03 YoU WANT TO SNTER THIS FITTING (t/8)?
>> YCJ ARE WORKING CN FITTING NOUM3ER >> 312204

N I B R It R TN

00
.2 YOO ARE WORKING CN FITITING NOMBEE >> 323101

14
Y00 HAVE SELZCTED THE MAIN SECTION OF 3 DIVERGING WYZ,
THE_AIR TO THE_ :ZNGINE SHOULD BE FLOWING THROUGH THI3 SECTION.
JUST GNE ivzs:zcu WHAT IS THE CROS3=3ZCTIONAL 1AEd OF THE
MAIN SECTYON? _THfs SHOULD BE THE ARZA JUST DOANSTREAM OF THE
JUNCIICN AND_DIRECTS FLOW_TO THE ZNGINE. IT ALSO SHOULD BE
,THE FIRST FITTING OF THE BRANCH.
81.375
,>> YCU ABE WORKING CN FITTING YONBER >> 323102
26
YOU BAVE SELECTED A SOLTI-BAFPLE IY2Z SILENCER.
EACH BAFFLEZ HAS 1 STREANLINED SHAPE. 1IT I5 THE TYPE
JSED _IN THE INLETS OF THE DD963. . ]
,**FIRST CUESTION, JHAT IS THE 5dp BET4EEN THE BAFFLES?
0.333
LAHAT IS THE THICKNESS OF THE BAFFLES?
0.666
,7HaT IS THE LENGTA CF THE BAPFLES?
9.33
LAHAT IS THE DIMENSICN OP THE BAFFLES 2ARALLEL IO THE GAR?
- 7.5
: ,FHAT IS THE DINENSICN OF THE MAIN DUCT ACROSS IHE GA2S?
. 0.5
- ,L45T JUESTION, HOW BANY 54PS ARE THERE?
e i1
-, D0 YOU WANT TO ENTER THIS PITIING (Y/¥)?
. §>> 1CU ARE WORKING CN FITTING NUMBER >> 323103
o )
- . YOU HAVE SELECTED A RECTANGULAR_CONTRACTION.
o J**PIRST COESTION, WHAT IS THZ LZNSTH OF [HE CONTRACTION?
S 8,5
PY AHAT IS THE LEAST O2STRSAM CROSS-SECTION DIMENSION?
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HAT IS THE GREATZR UPSTREAY CRQSS-SECTIQN DINENSION?

IS THZ LEAST DCWNSIREAM CIOSS~-SECTION JDINENSION?

N, WHAT IS THE GREATER JOWNSTREAY

QUESIIO
-SECTION DIMENSION?

S

J0 YOU WANT IO ENTER THIS PIZIING (Y/N)?
Z)) Y0U ARE WORKING CN FITTING NUMBEXR >> 323104

?EAT IS THE ANGLE CF THE ELBOW TOURN

-

(=N o

DO YOU WANT TO ENTER THIS FITTING (Y/N)?
>> YICU ARE WORKING CN FITTING NUMBER >> 323105
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AST QUESTION, WHAT IS THE PREE FLOW AREA OF THE SCREEN?
1
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0 YCU WANT I'C ENTER THIS FITTING (¥/¥%)?
>> YCOU ARE WORKING ON FIITING NUMBER >> 323106
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R4 fCU ARE WORKING CN FIITING NUMBER >> 324002

S: EETED STRAIGHT DUCT. IT 44Y 3E ROUND

G .

UESTION, IS THE DOUCT CIRCUOLAR OR RECTANGULAR (C/R)
I

S CIRCILAR, ENTER THE JIAMETER (FZET)
8
ER THE LENGTH OF THIS DUCT SECTION. (FEET)

]
20 YCU WANT IO ESNTER THIS FITTING (YI/N)?
>> ICU ARE WORKING CN FITTING NOYSER >> 324003

0
>> YOU ARE WORKING C¥ PITTING NUMIER >> 335101

S-J O G ~du N O

YOU HAVE SZLECTED STRAIGHT DUCT. IZ 4AY BE ROUND CR RECTANGULAR.
;“FIRST QUESTION, IS THE DOUCT CIRCULAR OR RECTANGULAR (C/R) ?
THE DUCT IS RECTANGULAR, ENTIER FIRST CROSS-SEZCTIONAL DIMEZNSICN.

CND CINMENSION (FEET) ’
ER TRE LENGTH OF THIS DOCT SECTION. (FPEET)

DO YCO WANT TO ENTEE THIS FITTING (YI/N)?
>> YOU ARE WORKING CN FITIING NOUABER >> 335102
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DO YOU WANT ™0 ENTER THIS PITTING (Y/N)?
z» YCU ARE ¥ORXING CN PITTING NOUMBER >> 335103
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cagESIION, WHAT IS TdE CROSS-3ECTIONAL AREA OF THE

-t
O

CU WANT TO ENIEP THIS FITIING (Y/N)?
>> YCU AKZ WORKING CN FITTING NOUM33IR >> 345003

N )

>> YOU ARE WORKING CN FITTING NUMBEER >> 356231

(N1 N~ ]
—t o

CIRCULAR CO
AT IS

NTRACIION.
d THE LENGTH OF THE CCMTRACTION?

4HAT IS TRZ OPSTREAM DIAMNETER?
AT IS THE DOWNSTREAM DIAMETER?

67
fCU WANT TO EZNTEE THIS FIITING (Y/N)?
>> YCU ARE WORKING CN FIITING NUMBER >> 356202

YOJ HAVE SELECTED STEAIGHT DUCT. IT 4AY BE ROIND CR RECTANGULAR.
***PIRST QJESTION, IS THE DUCT CIRCULAd OR RECTANGULAR (C/E) ?
THE [OCT IS CIBCULAR, ENTER THE DIAMEZTER (FEET)
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6
ER TBE LENGTH OF THIS DOCT SECTION. (FEZT)
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20 YOU WANT TO ENTER THIS FITTING (Y/N)?
>> YCU ARE WORKING CN FITTING NUMBER >> 356203
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ITEIE

T Lo} DR 2Laow.
ON, WHAT IS THE CTIONAL JIANMETE2?

DY YOU WAJT TO ENTER THIS FITIING (Y/N

>> Y0U MRE PORKING CN FITTING NUMBER >> 356204

-

2

YOU HAVE SZLECTZD SIFAIGHT DUCT. IT 4AY BE ROUND Ca RECTANGULAR.
***PIRST QUESTION, IS THE DUCT CIRCULAR OK RECTANGULAR (C/R) ?

C

LTHE DOCT IS CIRCULAR, ENTER THE DIAMETZIR (FEEST)
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TAT LENGTH QF THIS JUCT SECTION. (FEET)

YCU WANT TO 2NTER THIS FITTIING (Y/N)?

> YCU ARE WORKING CN FITTING NUM3EE >> 35620S

W,

CTIONAL JIANETER?
IS THE ANGLE OF THE ELBOW TURBRN?

Q

“4ST JUZSTION, ARE CPTIJGM NUMBEE OF CONCENTRIC VANES
INSTaLLED T0 REDUCZ RESISTANCE aND TJRB ULANCE (Y/¥)?

D3 YOO WANT TO ENTER T4IS FITTING (Y/N)?
>> YCU ARE WORKING ON FITTING NOUMBER >> 356206

o ]

Oy

2 .

YOU HAVE SELZCTED STEAIGHT DUCI. IT 4AY BE BOUND OP RECZANGULAR.
#s*«PIRST QUESTION, IS THE DUCT CIRCULAR OR RECTANGULAR (C/R) ?
THZ LUCT IS JIRCULAR, ENTER THE DIAMETER (PEET) ’

they 0

(U1

g

THE 1ENGTH OF THIS DUCTI SECTION. (FEBET)

(& 1)

OO wme
w 130

~w Mo

OU WANT TO ENTER THIS FITIING (Y/N)?
>> Y0U ARE WORKING CN FITTING NUMBER >> 356207

-t G ey

CAL DIFFUSER #ITH CISCILAR
S" THE LZINGTH OF THE DIFUSER?

whirg
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THE INLET JIAMETER?
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IS THE JUTLET DIAMETER?
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H ING (Y/W)?
z>> YCU ARE JOBKING CN PITTING NUN3ER >> 356208
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02

Y50 HAVE SELECTZD STRAIGHT JUCT. IT YAY BE 3CIND OR RECTANGILAE.
se# 2IRST QUESTION, IS THZ SUCT CIECULAR C& BECTANGILAR (C/R) ?

[+4

,TMZ DUCT IS CIRCULAR, ENTER THE CIANETER (F2ID)
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R THE LINGTH OF THIS DUCT SECTION. (FEET)

3C YCU WANT TO ENTER THIS FITTING (Y/N)?

>> YOU ARE WORKING CN FIZTING NUMBER >> 356209

THE CONTRACTION?

I3 THE UPSTREAM DIAMETER?

Ee

THE DOWNSTREAM DIAMETER?

<t HA g
(]
n

CU WANT TO Z2NTEE THIS FITTING (Y¥/N)?
>> YCJ ARE WORKING CN FITTING 4UMBER >> 356210
SZLZCTED AN ABRUPT EXIT TO THE ATM
E STION, WHAT IS TdE AREA OF TH

mo

LIC SPHERE
QUE EXI

WART TO ENTEE THIS FITIING (I/N)?° .
>> YCU ARE WORKING CN FITTING NUM3ER >> 356211

a

EIAL NUMBER WCULD YOO
USE J2 T

KE TO VE THIS DUCT DATA FILE?
0 A SIK DIGIT NTEGER M

e
NUMBER.

1
CU WANT TO COMPUTE WITH TBE FILZ OR QUII (C/Q)?
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E. EDITING THE DUCT DATA FILE

This section demonstrates the editinj capacility cf the

proygranm. The editcr will e demonstrated Ly changing a
fitting. The fitting chosen is an elbow in the exhaust
duct. It has cascaded turning vanes installeid. By usinyg

the editor tke
mitered round elbow will be

turning vanes will be removed and an ordirary
substituted. Any fittingy that
also serves the purpose could be substituted as well.

The rrogram can also add or

delete a fitting. It 1is

somewhat limited in the addition apility. The program car
To

file select the index of the

not add a fitting to the first of a branch in ore step.
add a fitting to the duct data
fitting in the file that the fitting is to be placed after.
will ask what fitting is to be added
can enter the fitting directly or fronm

The progranm and then
the user
To add a

same first

the menu.
add the
itself,
as the first step to the

fitting at the first of a branch, first

fitting fresently in the branch after
then change the same index fitting
desired new first fitting.

It should be emphasized that

a system class.

the editor does not charge
If the user wants a different duct arrange-
ment a new file will have to be entered.
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N F. COBPUTING SYSTEM PERFORMANCE

[ @] This section also contains a recorded terminal sessicn.
' The ccmputing secticn of the program was exercised here.
The session has been annotated t> point out prograza

features.
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G. EXAAIBING THE OOTIPOT

Included in tnis section are copies of two files. The
first 1is a copy of the file the author buaiit using the
Arleigh Burke class example. The otaer one is a copy of the
results ZIZrom the runs made in the compute section using the
sample file at two ofperating points.
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