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A BSTRACT

An interactive ccmputer simuldtion of marine gas turbine

installatiozs including intake and exnaust ducting for the

engire ard module cooling nas been developed. A one-

dimensional analysis was used in determinin- the pressure

losses of the ducting. The pressure losses along wit- the
ambient conditions and desired power setting defie a unique
operating point for the system. The computer model predicts
operating parimeters for this point by an iterative matchin,
techniq ie.
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* Peynolds Number, dimensionless
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I. INTRODUCTION

The installation of gas turbine ergines in a snip raises

several prcblem areas in the design of the intake and

exhaust ducting. The problems relate mainly witn the large

volume of ccmtustion air required and the properties of the

exhaust gases rejected to the atmospaere at high tempera-

tures and velocity. For comparison, d boiler's combustion

air requirement is nearly stoichiosetric but the gas turbine

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, but gas turbine exhaust temperatures

are frequently as high as 950 degrees F.

In addition to the air that passes tnrougn the 4as

turbine Engine there is also a requirement to ventilate the

elgir.e t;Lclosure. An adequate and uniformly distributed

cooling airflow is reguired around the engine to maintain

engine-mountei components at their proper operating tempera-

tures and to minimize the heat rejected to the engine room

thereby reducing the heat exposure of operating personnel.

:iany current designs branch the engine cooling airflow off

the main intakes and/or join neiteI enclosure cooling air

irto the engine exhaust ducting. Figure 1.1 shows a typical

* layout of inlet and exhaust ductiag. Since the enclosure

cooiing airflow is on the order o 20 percent of the

engine's full power airflow rate, it is an important part of

the ducting design.

* The fundamental requirement of an intake iesign is to

provide air t0 the engine compressor witL the minimuA total

pressure loss and wita a minimum of total pressurc distor-

tion. The loss of total pressure in the intakes leads to a

* loss of engine power and an increase in specific Zuez

10
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Figure 1.1 Typical Shipboard Inlet and Exhaust Ducting.

consumption. Schwieger reports 1"Typical excharje rates are

that a one percent loss in irtake pressure is e,-uivalent to

a 2.2 percent loss in power and a 1.2 percent increase in

specific fuel consumption" [ Ref. 1]. Aadit ionally, total

pressure distortion at the compressor face can lead to a

risk cf compressor blade failure.

Exhaust ducts must also operate witi a minimum pressure

loss. "The exchange rate is 1. 1 percent loss in power and

1.1 percent increase in specific fuel consumption for the
one percent increase in total pressure at the power turbine

exit" [ Ref. 1).

Corflicting with the desigrf objective to reduce losses

in the ductirg system are several possible reiuirements to
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install components in the ducting system which contribute to

the losses but not directly to engine perforaance. Filters

are installed to increase engine lie. Silencers are

installed to reduce noise. Machinery arrangements dictate

the use cf certain elbows, contractions, and transitious.

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 improves the environment of

mast mounted equipmert and may contribute to flight safety

when operating helicopters. Some systems use an eductor

arrangewnent installed at the exhaust plane of the engine to

pump cooling air through the engine enclosre. X waste neat

recovery boiler may he installed in the exhaust to improve

overall efficiency. To reduce pressure losses every attempt

should be made to reduce the velocit i in the duct. Lower

velocities reiuires larger ducts. Part of the design

compromise must balance the large volume of the ship occu-

pied with inlet and exaaast ducts and the volume foz other

uses such as weapons ard habitibility. In summary there are

many different components that can oe utilized within the

ducting system and have various effects on the system

performance. The effects also vary with the operating point

ot the system.

It is not a straight iorward problem to predict how

components in the ducting system will perform. It is an

interacting or matching type of probleu. Furthermore, it is

a dynamic problem as parameters affecting performa, ce car.

vary over a wide range. For example, one power setting of

the gas turbine requires a different mass flow rate of air

than another. The variable mass flow rdte tarOUgh the

ductinj system creats a variable inlet and exhaust duct

pressure loss. The variation in exhaust temperature affects

the losses in the exhaust duct. J.timately all losses

affect the Ferformance of the gas turbine engine.

12
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One approach to the analysis of ducting system perform-

ance is to separate the problem into two areas of concern.
The first area should deal with a one-dimensional analysis

of the ducting system to determine now pressure losses

affect engine performance and how the various components of

the system contribute to the sum total of these losses. 1he

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
performance not just at any section of the duct but to

within that section to the variation of velocity across the

cutting plane. The one-dimensional and three-dimensional

areas of the analysis are of course related.

'The relationship between the ono-dimensional and the

three-dimensional aspect of the problem is understood and is

dealt with in an empirical manner. rne method is to apply a

correction factor to the loss developed in the one-

dimensional analysis of a particular system component, based
on the distortion of the flow assumed to be presented to tne

component. If the assumptions about flow distortion are

made and are accurate much valuable information results from

the one-dimensional analysis.
The three-dimensional analysis of a duct system is

possible only for a very simple system and requires very

large computer assets. It is current practice to deal with

* three-dimensional analysis of complex systems through model

studies. One-dimensional analysis on the other hand is well

suited for analysis cr a computer.
It is the intent of this study ta develop the method-

* ology for a one-dimensional analysis of a gas turbine

engine's inlet and exhaust ducting as might he Lnstailed on

a ship. Then to implement the method in an interactive

computer program which allows rapid input of the duct geom-
Setry, desired operating point and ambient conditions to

13
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obtain an aczurate estimate of performance. The designer

can then decide to make cages to componerts to achieve

design objectives and maKe ttnose chanjes to the duct geom-

etry thr-ougn an editing r3'ltine and rer6un the pzotltm. Cr~ce

the designer is satisfied with the one dimen~sion~al ar~alvsis

a f;ira Lasis exists to provide a desija for model studies.
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II. THEO_E All AN_.LSIS

A. G!NEAL

A one dimensional analysis of the flow Ln duct sections

utili2es the 3ernoulli Equation modified to iccount for
losses. The term one-dimensional is an adjective often
applied to flow situations. The whole flow is considered to

he one large streamtube with average velocity V at each

cross section. Thus the one dimension is the location down

the duct. Losses refers to the pressure loss caused by
frictional stresses in the airflow boundary layer and by
turbulence. A thorcugh understanding of these terms and
concepts is required to convey the meaning of the results of

the duct system analysis.

B. THE BERNOULLI EQUATION

The Perr.oulli Equation is liscussei in any basic text on

fluid mechanics. It was developed to describe the flow work

of an ideal incompressible fluid ia steady flow through a
streamtube. In words it states that the mechanical energy

per unit mass along a streamline is conserved. The

Eerrculli Ztuation is:

v 2 /2gc + p1 + (g/gr) z = constant. (eqn 2.1)

It relates velocity, pressure, and potential height. The
constant may have a different value for each streamlie, but

for the purposes of duct flow certain simplifying assimp-

tions are vaiid which make the constant valid for any

streamline. The assumptions are that the static pressure is

constant at any point in a cross section of tae duct. The

15
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next assumption is that because the system uses gases, the

effect of variation in potential height at a duct section is

so small relative to the other terms that its effect is

neglected. This assumption is extenled further to include

the change in elevation effect at any section relative to

any other section.
Alternate forms of the Bernoulli Euation are otainr.ed

by multiplyinj through ty either gc/g orp. Of interest to

gas flow and duct design is the form obtained by multiplying

through by p. Applying the above assumptions tne resulting
etuation is:

pv 2 /2g, +p = constant (eqn 2.2)

In this form the constant has unit§ of foot-pound force/

feet 3 and expresses the energy per unit volume flow rate.
It reduces to pound force/feet 2 or pressure. Each term in
the expression is given a name. The velocity term is the
velocity jresure, 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. MODIFIED BERIOULLI EQUATION

AltTough equation 2.2 was derived for flow along a

streamtule of an ideal frictionless flow it can be extended
to analyze flow through ducts in real systems by applying
the First Law of Thermodynamics. A good development of the

4 application of the First Law of Thermodyaamics to pipe flow

is found in (Ref. 2]. It results in tne modified Bernoulli
E~uation (2.3). Equation (2.3) incorporates all the assump-

tions s3 far and includes the term dpt. The Zlow resistance

in a system with a real fluid between stations 1 and 2 is

represented by the total pressure loss,Apt.

16



42/29c = oV/2gc. p + APt (egn 2.3)

The velocity used in the modiried Bernoulli E uation
will be taken as the mean velocity and then this eguation
will be assumed valid for any streazniine in the duct.

Analytically this is not correct because there is a varia-
tion of velocity at a duct section zrom the walls to the

center of the duct. The error introduced by this assumption

is offset by two circumstances. First, with turbulent flow
tne velocity profile is nearly uniform which makes the mean
velocity a good approximation of the velocity at any point

in the cross section. Second, experimentally determined

loss coefficients are utilized in computations and this
* coefficient is applied using the mean velocity. Then if the

velocity profile in the system matches the profile of the

*[ experiment, the loss will be correctly computed using the

mean velocity.

The com'uter program uses the mean velocity and computes

it basea on mass flow rates. The mean velocity is computed
from the mass flow through a sectional area and the density

of the fluid at the section using equatioL 2.4. Density is

computed ty the perfect gas law equation (2.5) and is a
function of the absolute temperature of tne gas and the

static pressure of the gas.

* = - A (eqn 2.4)

p = p/RT (eqn 2.5)

where p = static pressure

R = gas constant

T = absolute temperature

17
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D. PRESSURE LOSSES

. There are two types of fluid losses in the ducting

system, frictional and dynamic losses. Frictional losses
cccur along the walls of the entire duct lenth and are due

to Afluid viscosity. Dynamic losses result from disturbing

the flow such as a change of direction, contraction, or

expansion.
The Darcy-Weisbach equation (2.6) calculates the fric-

tion loss for straight ducts.

Darcy-Wiesbach equation Apt (L/),PV (eqn 2.6)

* where .Pt = frictions loss
in terms of total pressure

= friction factor

L = duct length

D = duct diameter or

equivalent hydraulic diameter
velocity pressure

The friction factor,J, used in computing luct losses is

taken frcm a correlation hy Swamee and Jain presented in

[Ref. 2]. IP e

*- j .[£0 ( _7 . ]2 ..oo,/ ;/ 8 (eqn 2.7)

The absolute roughness factor, e, is taken to be 0.QO015

feet for all air duct components. For rectangular straight

-..- duct sections the eguivalent hydraulic diameter, De , i

.- calculated by e~uation (2.8) presented in (Ref. 3).
"" Equations 2.6, 2.7, and 2.8 are utilized in the program for

"O computing friction losses in the stram.gnt sections of the

- duct.

I19
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= 1.30 ( b). .'zr (en 2.8)

Friction losses occur in all. f1ttiLgs not just in
straight duct. There are two techniiues ti arrive at the
friction losses in these other fittinjs. The decision about

which techniiue to use depends on the wnether tae fitting is
snort or long. In short fittings friction is accounted for

b-! measurinj the connecting sections of straight duct to the
center of the fittin9. No attempt is made to include fric-

tion in the calculation of fluid resistance for a short

fitting. Elbows are short fittings. For long fittings such

as dizzusers and contractions, friction is included in tae

computation of the flow resistance coefficient. Therefore,

a connecting straignt duct length should be measured to the

center of an elbow cr to the start or enl of a diffuser or

contraction.

Dynamic losses are soaetimes called locaIl or minor

losses. In piping systems, losses da e to the local distur-
bances of the flow are often called minor losses. In very
long iing systems these losses are usually insignificant

i. ccmparison with the friction in tae lenjth considered.
In the duct used for a gas turbine installation taese
so-called minor losses actually become major losses because
ot the short lengths usually encountered. Experimental

results arc almost always used to account 'or pressure
* losses through the duct fittings. Such information is
" usually given in the form of eguation 2.9.

Apt = Kpv 2/2ge (egn 2.9)

The coeciicient K is given for the fitting in numerous hand-

books. Figure 2.1 shows some typical rerresentations of the

information available.

19
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The drawings were reproduced from

[Ref. 6].

Figure 2.1 Typical K Values for Fittings.

One of the purposes of the program is to provide K coef-

ficients for various fittings selected to represent duct

compcnents. K values can vary with tne geometry of a

fitting. For example, a long smooth radius rectangular

elbow has a lower K value than a short smooth radius rectan-

gular elkow. The prcgram taxes this into account and is the

reascn for the various questions about a fitting's geometry

in the area of the program where the user is inputing the

duct system.

Two fittings in the program's men do not require geom-

etry inputs to obtain resistance information. The two

fittings are filters and the gas turbine module. The reason

20
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for the lack of iuestions is that tae losses are based on

manufacturer's data. Filter manufacturezs provide pressure

loss data based on face velocity and tue module is based or

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 from the

program's menu. The fluid resistance coefficients are

computed by the program upon input of the required gecmetry

factors for the fitting. Input of the duct fittings is

accomplished interactively. The source of the model for

eacn fitting is noted in the program listing in tne title

block of the fitting subroutine. The program subroutines

* FIT01 through FIT29 correspozd to the fittings listed iL

table I . A sketch of each fitting is provided in the

user's manual for the program. -he user's manual is

Appendix C.

E. GAS TURBINE/SYSTEN INTERFACE

General Electric Company, the manufacturer of the L12500

marine gas turbine, pubIishes performance data for its

engine under variable operatinj conditions. (Ref. 4]. It

is important to understand how the shipboard engine is oper-

ated under variable operating conditions such as duct losses

and ambient temperature , pressure and humility so that the

proper corrections may be applied to tne engine performance

parameters for these variables.

21
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TABLE I

Fittings Available From Program Menu
-ittinq Number eacr info

01 Intake shaft, reqtangular zross
section, side orizicds, with or
without louvers

02 Strai g aht duct, round or
rec taf gui ar

03 Smooth radius round eibow

04 Found 90 degree segmented elbow
with 3,4, or 5 pieces

05 Mitered round elbow with or
without concentric vanes

06 Mitered rectangular elbow

07 Smooth radius rectangular
elbow

08 Smooth radius rectangular
elbow with splitters

" 09 Mitered rectangular elbow
with vanes

10 Eectangular elbow with
convergir. or diverging flow

11 90 de ree rectangilar elbows
in a I-shaped cocziguration

12 90 deiree rectangular elbows
in different planes

13 Eranch section of a civerging
wye

14 Main section of a diverging wye
15 Branch section of a convergent

wye
0 16 Main section of a convergent wye

17 Conical rounu diffuser

18 Plane in-line diffuser

19 Pyramidial in-line diffuser
0 20 Transitional diffuser

21 Round contraction

22 Rectangular contraction

23 Screen obstruction ir. duct
• 24 Louver entrance

continued next page

22
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25 Filter element

26 Multi-baffie type silencer

27 Gas turbine module enclosure

28 Waste heat recovery boiler

29 Abrupt exit

] 2Fitting not listed

From the shipboard operator's point of view the enire

should drive the ship at the desired seeed whetter it is a

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

inches of water or eight. The engine is operating differ-

ently under sucL conditions to produce the same horsepower

and speed. The proper correctionA factor set to be appliel.

to the tatulated data is the set for constant speed and

horsepower. The corrections are applied in the program with

each iteration of the duct system per ormance calculations

* using the current values of the inlet and exhaust duct

losses and ambient conditions. The corrections are very

, " small (less than twc percent) and the convergence of the

correct engine operating point and duct losses created by

the mass flow of air required at the operating point is

quite stable.

F. FIN/SYSTEM INTERFACE

The operating pcint of the fan installed in a !uct

system is the point where the fan characteristic curve

intersects the system characteristic curve. The fan curve

shows pressure rise vs. flow rate. Wita increasing flow the

pressure rise across the fan is reduced. The system curve
* is the opposite, increasing flow in the system increases the

resistance to flow. Figure 2.2 represents tais situation

graphically.

23

So



In the iteration process the system curve is estimated

1% as a quadratic fitted to the origin as a minimum point anI

the other point at the assumed flow and t.e resulting res-

sure loss. Similiarily the faa curve is ilso represented as

a iuadritic with a maximum at maximum pressure attainale

and the corresponding flow and anotner poiat it zero pres-

sure and maximum flow. The representation of the fan

. performance for the default condition, the Spruance class

destroyer module cooling fan, is excellent. with an equa-

tion for both curves the point of intersection can be

obtained. The resulting flow is used in the next iteration

until the resistance of the system and the pressure rise

across the fan is the same for the assumed flow.

G. JUNCTIONS OR WYES

An excellent discussion of tae mixing of two streams

moving at different velocities was written by Idel'chik and

is presented here to develop the background for the

eductor/system interface discussion.

The junction of two parallel streams moving at
different velocities is characterized by turbulent
mixing of the streams, accompanied by pressure losses.
In the course of this mixing an excaange of the momentum
takes "lace between the particles moving at different
velociies, finally resultin in tne e,'uilization of the
velocity distributions in t e common stream. The jet
with high.er velocity loses a part of its kinetic energy
by transmitting it to the slower jet.

The loss in total pressure qefore and after mixing
* is always large and positive for the hijher-velocit

jet, ana increases with an ircrease in tne amount oi
energy transmitted to the lower ve.0cit yI jet.
Conseguently, the resistance coefficient, which is
defined as tne ratio of the difference of total pressure
to the mean dynamic pressure in tae givern section, will
likewise always be -ositive. As to the lower-velocity
jet, the energy stored in it increases as a result of

* mixing. The loss in total pressure and the resistance
coefficient can, therefore also nave negative values
for t.-.e lower-velocity jet [Ref. 5].

.ae program incorporates this concept at tae junction of the

module ccoling air and the engine exha'ust (if the system is

* so configured). The program assumes the lower velocity jet
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to be the cooling flcw and the nigner velocity jet to be the

exhaust flow.

H. EDUC-IOR/SYSTER ITERFICE

The eductor discussed in this seztion is used in the

engine's exhaust to move cooling air ttrou~h the cooling

ducting and engine enclosure. There is a mixing of the

cooling flow and exhaust before it is discharged to the

atmosphere. This section does not discuss tne eductor

installed at the exhaust duct exit. The only component of

interest there is the nozzle as a dynamic loss. The effect

of the external aixing tube is small and can be neglected.

The module cooling eductor is used on the Oliver Hazard

Perry class frigate. It is shown schematically in figure

2.3. The eductor system is. illustrated in figure 2. 4. This

figure shows the geometry and pressure distribution during

the mixing of primary flow, engine exhaust, and the secon-

dary flow, module cooling flow. A matcn point concept can

he develcped for the eductor mucn like the fan and system

interface concept shown in figure 2.2. One curve is called

the gain required and the other the gain availatle. These

curves are shown in zigure 2.5. Given the geometry of the

mixing area the gain available can De compated by varying

the cooling flow while the primary flow, the engine exhaust,

remains nearly constant for the desired power settig. The

gain availatle is a maximum at zero cooling flow.

The gain required is computed by lividing the system at

the eductor and is analogous to the system characteristic

model in figure 2.2. On the downstream side cooling and

engine exhaust flows move througa thl exhaast duct. The

cooiin4 flow moves through the upstream duct. Total pres-

sure losses can be computed for both a.d the sum is the gain

required. Since these comiutations are taking place at

2o



nearly constant irimary flow, engine exhaust, the gain

required at an operating point is a function of the cooling

flow. The gain required at zero cooling flow is the exhaust

duct Fressure loss under the flow conlition represented by

the engine exhaust alone. Increasing the :ooling flow

increases the losses in the exhaust duct and also brings to

b bear losses in the cooling duct. Tnerefore the required

gain is a minimum at zero coolin4 flow and increases with

increasing cooling flcw.

There must be an intersection of the gain required curve

and the gain available curve if the system is to operate.

This condition occurs if the gain available at zero cooling

flow is greater than the gain required at zero :ooling flow.

* The intersection must also be far enough to the right to

• rovide the minimum cooling, requirement for the load on the

enjine. The matching technigue ;-s to begin with scme

minimum cooling flow as specified by the engine manufacturer

and march to the right adding a small increment to the

cooling flow until gain required equals gdin available.

" - I. SYSTEM ANALYSIS

Sections of the intake and exhaast ductwork will be

analyzed 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

sequence encountered by the flow along a branch. A node is

an entry, diverging wye, fan, the gas turbine engine (not to

be confused with the engine enclosure), convergent wye, or

an exit. Figure 2.6 snows the six resulting schematic

representations of a gas turbine installation and the varia-

tions of cooling flow available. The numbered dots are the

nodes. Node 1 is always the main inlet entrance. Node 3 is
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always the engine. Fode 4 is always tae cooling fan. Node

( 6 is always the main exhaust exit. Node 2 may re either an

independent entry for the coolin9 flow or the bD.anch loca-

tion wnere the cooling flow diverges 7rom tne comtinei

irlet. Node 5 may he either an independent exit for the

cooling fiow or the junction of cooling flow wittn the engine

exhaust. The hashed area is the engine and the iarger

rectangle represents the engine module wnich surrounds the

engine and is a fitting in the cooiinj flow branch. The

tranches are designated by the node number at tne begining

and end of the branch. The reader should refer to the

user's manual for a complete description of entry of the

fittings into the program.

* The system in figure 1. 1 would be a class three system.

It has the cooling flcw nranching off the main inlet (liver-

gent wye) and joining the main exhaust near the exhaust exit

plane of the engine (convergent wye). It also has a fan

installed which differentiates it from the class five

system.

. .
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The tasic procedur- for system analysis is to assume

enough flow and loss information to proceed with tht a:,al-

ysis and check the assumptions witn continuity of pressure

at the nodes with each iteration. Z tne -ressures do not

match, ne w assumptions are made based on the current

performance and the iteration is c.ntinued until convergence

is achieved.

With six different types of systems to match, six

liffereLt schemes must be implemented in the zomputer code

to handle cvarall system matching. Zach scheme must be

tailored to nandle the expected coaponents that make it

different from any other system. For example, system six

has LO cooling fan and system one does. System one reeds to

* considez the fan and system interface bat system six does

not. A.Fendix A is the complete program listing. Appendix

B contains a flow chart of the most complex system in the

-. prog ram, system three, and incorporates all possible

component/system interfaces.

J. TOTAL PRESSURE GRADIENT

The total pressure cnanges represent the energy reguire-

ments of the system. Total pressure losses in the intake

anI exhaust ducts are inputs to tae engine performance

sutroutine in the program and are used to determine the

oiperatin; parameters of the engine. Fan and system matching

is accomlished with the total pressure re-uiremtnt.

Therefore total pressure gradients in tze iuctwor are most

important to analysis. Measurement orL tne other hand

usually produces the static pressure jradient. The static

pressure at a point is less than the totil pressure at the

Point. -iuce 2.7 shous a typical representation of the

pressure changes during flow in a simpLe duct. Losses in a

duct are due to the irreversihle transfarmations of

33
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mechanical energy into neat and the losses are used to ;Iot
the total pressure grade line. Note tsat some iittings Lict

as diffusers and coLtractions cause a change i. the static

pressure ;uite different from the change in total pressure.

This i a result oi a cha, a in the velocity pressure

through a variable area fitting. The sawple program output

presented in the user's manual, apiendix C, can be used to

produce similar plots c the pressure grade line.
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III. PROGRAM PROCEDURES

A. GENEBAL

Ine purpose of the program irepared for this study is to

translate the geometry of a gas turbine installation

including inlet, exhaust, and cooling ducting into a one-

dimensional problem to calculate the system's frictional and

dynamic resistance to air flow and solve the problem for

various operatirg conditions. Tne solution will include

engine performance parameters such as specific fuel consump-

tion, turbine inlet temperature, and mass flow rates.

* Additionally a summary of the duct system performance is

given by pressure losses for each component and a summary of

branch losses. Cooling air flow is predicted by matching

the system and the irstalied fan or module eductor.

interactive code is utilized for all program inputs.

Any number of fittings and combinations of fittings may be

selected to represent tne user's current design. The system

in figure 1.1 can be represented by fittings chosen from the

menu. About 30 selections from the menu would be required

to model the system. The type and number oi selections

depends on the system's configuration and complexity. Each

fitting may have from one to seven questions posed interac-

tively to establish the required geometry inputs. kith the

geometry known the program computes areas and coefficients

necessary to perform the analysis. Tnis data is stored in a

file called duct data and may be saved for future program
runs where geometry input is not reiaired. The operating

point i.: defined upon input of ambient tempeL-ature and pres-

sure, humidity, horsepower, and power turbine speed. when

combined with the duct data file the problem may be solved.
0
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B. INTEBACTITE CODE

Interactive code allows the user to sit at a computer

terminal, access a desired program, specify inputs hy typing

at the terminal keyboard, and execate the program. All

inputs are requested by statements appearing on the terminal

screen. Resulting output is writtea to tne user's files

which may be viewed at the terminal or sent to the printer.

'fe interactive mode oi operation is especially valuable

because it allows the user, by modifying selected input

values, to juickly evaluate the ezfects of changes to an

existing or cantemplated design. Modification of a system

is accomplished interactively within tne editor portion of
the program. The editor offers the aility to change a

fitting. For example, a mitered rouni elbow cauld be modi-

fied to add cascaded turning vanes or a different elbow

substituted entirely. Also offered is the aLility to add or

delete a fitting. The addition aption does not allow the

user to add a new first fitting to a branch, however one may

be added anywhere else.

The lost important consideration in writing an interac-

tive computer program is what appears on the screen and how

it appears. Requests for inputs are in English rather than

ei.41neering jargon. Units are all in the English system.

.All lengths are in feet, etc. A~. logical caoices are

accomplished by entry of one letter, the first letter of the

cnoice. For example, "Y" is the reply for yes. Ali logical

of the uestion. Shculd the user ,ot uase or.e o: th6 c-oice-

indicated, the question wiIl bt. reeated until a pr:o)er

reso.onse is given. Default values are avaiazle f:r man'v

circumstances to minimize the injit e.:rt. A default is

not availaLle Dy simply depressing ti.e return ey. ... e user

zust elect iefault values by a lo,;ical choice. For examale

37
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*the Hamiltoz S tan dard :ilter system installed on tne

Spruance class destroyer is avaiiable as a ie-rault for th:e

t~ ~ filter s-stem.

C. 7HER PEOGRAN FEAIURES

Ancztour c:onsideratioz: in inttra::.vv c j,-t r ~r J: a71S

is tr~ L ractice o:- "user Lro.~ .e inpitz.

wcris, ar. rrteractivc computcr ra snou~d -.ot tEzminatc

executior (i4.e. , "zcra sn") iff i.a iro -ez i:.j.ut va.'Le IS mad-

vezrt.ly d+ irned by the u sier * Or. narical azn lo:i

iiz.ut two features are inkor~oratedi t. j rot,=ct inz-put cc 1-hc

Aozram. 1.jZS t, read stite.ierzts ir= -rotactei witr. error

a.-d er~i o f f ile detECtor.. A1 zotem uith ir-ut 1.ere is

ha adle i by asking the ujse: to re-ei~ter the value. 0Or,

rnumerical izi,>ut if: it tad,,ers a. aiz or. tat; same -uestior taE

Fzogramn stops executior.. Sec ond 1.r it ar, ;.ncorrect i.ur.:er

is properly ieffined to the program i n t ae ;-we ir~ut

.as e, the user is offered one list chance to re-enter

correct iitting data if the user realizes his mistake bEfare

he is asked if he wants to load the data tor the fittirig.

.,.e user is assisted here ty a check for area: continuity

fZoM one. fitting to the next. A warning is jprovidEl If

0 ~~cort i n u iv is r.ot maintained. 7-1ezt i 7. not to load a

fitting trirnjs the user rdcx to tr~e Iez.: with thE pro~lraM

zeady to accept a chcice of fittings for ust. instead of the

erroneously entered fittirg.

The program is -odu.,a rized .y ta e ex t &.s I've ise- o:

s~cuirMs 0'!odU 1arizatio0- fdcilitates i'Zojzam imrirve-

T.c v a.Llowing the u-pjzadte_ an d r -p la c,-me.-,t af i r. .i v i 2a a

SULr 3 utIne s. :his is a d i Z;f:i c lIt - zo z, du re to jo itf c 3:..ir-oo

tio c ks are -as ed. n:ere fore 1:o"I 3.. t!j .l:: h aV E 2cer
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ehi!.n&rated Irom tae ,rogram. Th ase:: -lj decide to change

Ithe fittings 4vai~aa'le iz, tl,.e menlu, -::r 1 L.'.5 Itet- n I

cod.= docuzetatis: s,-;zws the areas t,-Lit J-,-tr LQ :a;:t

c1C -1 IS- this t-ASK.

i Sdu2C2 -I1 :-a2 i 2iLd ±.L JZ. '. te ctc:±

Tz- r A .1 ID2 tti~ 13' :'e :anua. ..%f5h At Ii

t.e ::o':ZaT -AS :nstallezu Dr tne NlavaL ?sra'Ate Sh~

samy..E d-azE; i s Jesc ZI'zd aE dat ou ut 0:oV1~
T d S S S1.-o':I 'c alSO recozivi- ti .5.C tv. Coal
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IV. RESULTS AND RECOmIMEMDATIONS

A. GENBEAL

It is ncw '.ossijie to aralvzt systez, p _ ;irance cl_ a.

oriinarl marine as turbILre instA.iltO,)L. ?rior to t>
.4FVeiop:-.1Ent of t1i.S proraLT i,*sEctiD.s of t.le s yst . w zr:
aLal'zed and their interacti,-r. was nejecte. .- s L !ot-

provide sezious errors in tnr ostiatio ot anilne rio:n-

anc, tu: it did not prov.de com,-.te ,.-ormition or. i:"te'. t

-erfcrmunce. In oarticuiar, the _rtiiction oZ cooi.. :
wAs rot uccurate. This was oartica.ar1, icute w.-. t..,
s'/s~tm .t ._ a mor-uie e,uctor.

e f ;inu;l!.v assiniin a resist ince coeffi-

cient to a fitting has been eliminated. Now it is possible

for the computer program to analyze the geometry of most

fittings rapidly and apply the correct resistance coeffi-

cients for the one-dimensional analysis without the user

looking up any correlations.

The jogram flexibility is demonstrated by the ability

to -uickly change input parameters and analyze a system at

any operating point. Previous methods naiyzed coMponents

at full power and then used a proportionality model wnere

losses were proportional to the square of tne engine air

mass flow rate. This method consistently under-estimates

duct losses at low power because it does not take into

account the variaticn of coolinj flow provided with an

installed fan or module eductor. At low power the cooling

flow can be a significant contributor to duct losses and the

previous method can nct predict this contribution.

40
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It should be emj~has ized that any one- di mernsi nal1

analysis does not hardlie flow distortioi. well. Suspected

Frotlems in this area are still test dealt with by tnE USC
of~ model studies. The limitation of a o;,e-di.~ersionail Laddi

is that a fitti.ng's pressure loss may be known for unifcrx.
flow distribution, lut is is diizioalt to predict the loss
with distorted flow. It is known iiowever that tne distorted

flow situation will have a larger pressure loss, but how

much is not easily determined. A one-dizensional an~alysis

may pciat to problems with f low distortion. The program

recognizes the potential for f.1oaw distortion on certain

fittings such as diffusers and points out this potential.

1z a fittirg's pressure loss can vary significantly with

distorticz of flow and the one-d. jensional analysis has

computed a large pressure loss, the user should flag the

fitting for futher study by model testing as the pressure

loss has probably been underestimatel.

Not all possible duct designs can have their fittings

modeled b'y the program. Some fittings will be available
from the program menu and others will be similar to fittings

listed, hut not exactly. Then there dre some wrnich may not

be listed at all. If the fitting is close, it may te used

and expected to give reasonable results. '-f tae fitting is

not listed then the user must provide: the resistance coeffi-

cient by using the "fitting not listel" ctoica. The data

for this entry may come from a published correlation or from

tests performed on similiar installations. it is in the

area of correlations where most benefit can te gained by

pzogram modification.
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C. EECOB8ENDATIONS

C ~The Frojram currently runs as a stand alot.t rojra:, Lut

some increased utility mai te reaiiz%:i ty incor-orat2.- some

o. the subroutines in other program.s whicn woild tren. i:-ut

a snil's hcrsepower anI _P-? requirements foQ An otrltn3

profile instead of pcirt by jcint user input.

The General Electric LM2500 engirne is currently thz

engine within the prcgran. Tne encine performance iii tloz

Froram is built by table interpolation oz the PutIisheI
p rformance data. General Electric also orfers a rogran

which provides j erformance "ata and it is recomrEndod that

this prcgram be sutstituted for tae engine su: tine

cirrently in the prcgram. This wifl e~iminate any dcubts

about engine performance -redictioas aad make the parameters

more officai. Also the General Electzic projraa covers the

complete performance map of the engine wnereas the enjine

sutroutire used in this dnalys.s was iimitt1 to 22, 509

horsepower maximum. inere is still a little powez left

beyond this value and the prograz can not curreotlv orerate

there. Another modification concerning the enine is
imp roving the module temperature out model used in the F::D9

& subroutire. :he model used produces reasonatit results hut

is not based an test data but on operator experience.

The tiggest improveme nt in projaa performarce an

utility can be made by the incorporatian of iproved Aitting

* flow resistance correlations of test idta. loiels ani full

scale systems should be instrumented to rovide duct prs-

sure loss data to check tne program's analysis. !Fhere tan'

program predictior is not accurate new tittini orrelaticns

* should Le deveioped. Potential fittings ror iMrcv.e MoCdeIS

are louvers, silencers, diffusers wit. distortei flow, junc-

tions and wyes (Especially where educto- action is desirtid),

anI toiler tube bundles. 4itn sufzicieot data tiCes:

[42
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fittings could be modeled better and zore simily. he
overall cbjective is to increase bota tn utiLlity ani accu-

racy of the program analysis.

0

0
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APPENDIX A

PROGRAM LISTING

C ANALYTIC ODEL OF A GAS TURBINE INSTALLATION ON BOARD A SHIP C
C C
C PEC F&M URITTEN EY STEPHEN M. EZZELL, LCDE, USS C
C VERSICN 1.0 DATE MARCH 30 1994 CC PURPOSE: TO ANALYZE THE D5CTING AD GAS TURBINE INSTALLATION C. C AS MIGHT BE INSTALLED ON A SHIP. INPUT DUCT GECIETRf C
C Ad4BIEST CONDITIONS, AND 2OWER SETTING TO GET PEBFOBJAACE C
C PAEAMETEFS. C
C C

C THIS IS THE MAIN CONTROL PROGRAM. ITS SOLE PURPOSE IS TO BRANCH C
C TC THE AREA OF THE PROGRAM YOU NEED. IF YOU ARE ANALYZETG A NEW C
C SYSIEM YOU WILL NEED TO BUILD A DATA FILE FOP THE SYSTEM. IOU C
C WILL 3E DIRECTED TO THE BUILD SUBROUTINE. IF YCU WANT TO MAKE C
C SCME CHANGES TO A SYSTEM YOU WILL GO TO THE EDIT SUEROUTINE. C
C WHEN YOU HAVE A DATA FILE YOU LIKE IOU WILL NEED TO GO TO C
C THE COMPUTE SUBRCUTINE. IN THE COMPUT- SUBROUTINE YOUR DATA FILE C
C WILL BE READ AND THEN YOU WILL BE ASKED ,UESTIOHlS TC ESTABLISH C
C THE OPERATING POINT. THEN THE PROGRAI WILL COMPUTE THE OPERATING CC EARAMETERS YOU NEED AND OUTPUZ THEt TO THE OUTPUT FILE. C
C C
C NC CCMPUTATIONS ARE DONE IN THE MAIN CONTROL PROGRAM. C
C CC SUBRCUTINES CALLED: BUILD, !DIT, COMPUT, AND FRTCMS C
C CC A NOTE ABOUT FPTCMS YOU WILL NOT FIND IT IN THE LISTING. IT IS C
C LIBRARY SUBRCUTINE AVAILABLE AT NPS AND IS USED TO CALL THE C
C O;.AT'NG SYSTEM FROM WITHIN THE FORTRAN PRO3AM. I ISE IT FOR C
C TWO PURPOSES. FIRST TO DEFINE MY FILES. SECOND TO CLEAR THE C
C SCREEN AT YOUR TERMINAL SO rHZ WRITE FOR.ATS DON'T GET CHOPPED C
C UP. IF YOUR SYSTEA ,3ES NOT HAVE THIS CAPABILITY YOU FILL HAVE C
C TO SUBS:ITUT? AN APPROPRIATE CODE rO ACCOIPLISH THE SAME IHINGi. CC THIS NGTE APPLIES TO THE I.M 3)33 TOIPUTER. C
C **~*hSS**SS*****S******* **********.*****. ****************

INTEGER ANSYES NO -OMPUT EDIT ,;UIT
C DAA YES/'Y/, Nt/' '/,COSUT/'C /,'DTT/'E'/,QUII/'Q'/
C

C NPS IBM 3033 MAIN FRAME COMPUTER PROGRAM REQUIRESENTS
C
C
C HERE IS WHERE I SET UP THE FILE DEFINITIONS USING THE LIBRARY
C SUBROUTINE "FRTCHS". THERE ARE NO OTHER FILEDEF'S REQUIRED.
C
C READING TERMINAL INPUT

CALL FRrCMS ('FILEDEF ','05 ','TERMINAL')
C WRITING TO THE TERMINAL

CALL FRrCtS ('FiLEDEF ' '06 ','TE-RINAL')
C SOCSAGE FILE FOR THE DUCT GEOMETRY DEPENDENT YARTABLES

CALL EZTCrS ('FILEDEF ','08 ','DISK ','DUCT ',
+ 'DATA '

C STCPAGE FILE FCR THE PERFORANCE DATA OUTPUT
+ CALL FRrCaS ('FILEDEF :f'04 ','DISX #'OUTPUT ',

I'DATA 'C
CALL FRTCMS ('CLRSCIN ') I

C IATRODUCTION. IS THERE A DUCT DATA FILE ???
10 W3ITE (6,600)

C
C EVERY READ IS PROTECTED AGAINST A NULL ENTRY AND AN EECR IN
C INEUT. THIS IS ACCOMPLISHED 4ITH "END=.(X ERR=XX"I. YOUR SYSTEM
C MAY NLT HAVE THIS CAPABILITY I WHICH CASE DELETE IT OR

* C SUBSTITUTE AND EQUIVALENT COE.C
READ (5.601,ENU;12ERIs12) LNS
CALL ARICSS ('CRS RN ,)
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C
C EV Ti Y ,ESTICI REPLY IS CHECKED TO XAKE SURZ OLE OF THE ALLOWED
C R!SPCNSES s USED, is Nc: :H;E JSEs IS I ANiE AND ASKED TO
C ANSWER WITH ONE OF THE CORRECT aESPONSES.
C

2 IF .Ns E.YE5).OR.(AkS.EQ.NO)} GO -o 2012 ,m5
RITE (6,ti2)

GO TO 10
20 CCNTINUE

IF (ANS. Z.YES) GO TO 30
IF (AK:.30.No) Go TO 50

C
C DO YOU %ANT TO CONP3TE OR EDIT THE DATA FILE ????C

30 WRITE (6, 603}
READ (5o01,lNr-32,ERR=32) INSIF 3 (IS.EQ. COMPUT.OR. ( NS°ZQ. DIT)) GO TO 40

32 I EwID 5
WRITE (6,602)
50 TO 30

140 CONTINUE
IF (ANS.EQ.CONfUT) GO TO 80
IF (ANS.Q Q.EDIT) GO TO 11

50 CALL BUILD
C
60 WRITE (6,604)

READ (5, 01,ENEa62 ERR-62) AN'S
CAIL FRTCiS ('CRSCRN ')
I6 (INS E. COMUT).OR.(ANS.EQ..UIT)) 3O TO 7062 ARIND I*

WRITE (6,602)
GO TO 60

73 CONTINUE
IF (ANS. EQ.CON;UT) GO TO 30
IF (ANS.! QUIT) GO TO 999

C
-30 CALL CORP

90 WRITE 16,605).
READ (5 601, zNg=92,ERR=92) INS

I (NS. E. EDI) . (ANS. EQ.QUIT) GO TO 100".92 IF E IND5
WRITE 46,602)
GO T

__ 100 CONTINUE
IF (ANS. EQ.EDIT) GO TO 110
IF (NS.E QUIT) GO TO 999

110 CALL ED
C

GO TO 60
999 CCNT:NUE
603 FOR.IA: ( A ONE-DIMENSIONAL .ODEL FOP THE SYSTEM PERFORMANCE'/

+ OF A .ARINL GAS TURBINE INSTALLATICN'//
' ' BY LCDR. STEPHEN .1. EZZELL'//

* VERSION 1.3 3ARCH 30 19814/
+ ' OPTIONS: BUILD A DATA FILE REPRESENTING THE DUCT 5YST29'/
+ EDIT OR CHANGE THE DUCT DATA FILE '/
+ ' COMPUTE SYSTEM PERFORMANCE '/
* ' METHOD: INTERACTIVE INPUT OF DATA, BRANCHING TO DESIRED/

S OPTION BY -NSWLRING QUESTI.ONS.'//
* ' *** WARNING, tWO NULL ENTREES ON A4M1ECAL INPUT WILL **''/
S * , *** KILL THE PROG2A1. **'///

4' FIRST QUESTICN:'/
6 ' DO YOU HAVE A DATA FILE OF DUCT FITTINGS (Y/N)?')*601 FCRA (MAl) ,

632 FORAT ( )YOU MUST ?NTER THE L-TTEr INDICATED IN THE BRACKETS'/

45K -""
0 ':::: "i ::":/ :: ::. :::.: ii: -- : -"" " ""-"



603 + FOR A 2ROPER ANSWER 1 .![ 3P. UEI G OPTT+ .. IFOF.iA' (/' DO 6OU AkNT TO E: I THE FL r. usE :r Con O TIoN

S604 rCz.lT DO YCU WANT TO CC.UTE AITH :Hr FILE OR 7') /'O.- 05 FOMAT ( DO YCU WANT TO ELT IHE DUCT DA:A FILZ A i (STCP

SIC

446

0i

0- " .- -.-. ' - ' ' ." • / .. .•• .." - .i"" -~ l. i ,i 2 ii:i " .i'' "- . . - ' ' -



C SUIl: SUBROUTINE: I'NPUTS GEOMETRY OF DUCT, OUTPUTS DUCT DATA CC,**S****S 8.0U *a* e**I*i**G o~~:*

C TC 4_-T THIS 40ING THE DUCT SYSTEM YOU ARE WORKING WITH NEEDS TO C
C BE CLASSIFIED. SYSTEM SUEBOUTINE DOES THIS. WITH THE CLASS CF C
C THE 3YSTES KNOWN, IDENTIFICATION NUIBERS URE ASSIGNED. THE MENU C
C :S CALLED UP AND EITTINGS ARE ENTERED TOR THE SYSTEM TO A FILE C
C NAMED DUCT DATA. THE DUCT DATA FILE WILL 3E SERIALIZED 31 THE C
C USER WITH A SIX DIGIT NUMBER OF THE USER'S CHOICE. C
C C
C VARIABLES: WKI AND WKR ARE TRANSPORT ARRAYS USER TC FILL THE C
C SYSTEm ARRAYS WORK! AND WORKR. WORKI4!NN 1L IS THE C
C ID NUMBEF, AND WORKI(NNN,2) IS THE FITTIN6 YPE. C
C WORKR STORES FITTING DATA SUCH AS LENGTHS, AREAS, AND C
C RAT:CS. C
C C

SURROUTINE 3UILD
REAL WKa WCRKR
INTEGEP §ORL WKI,WORKI TER ,TYPEBRASCH FITID,GECM,DOM.IY,MI,CLASS
LIMENSION GEOM(6),WKI 2,JORKI(26O,2),K2IC

C INST FINDS OUT IF YOU WANT ONG OR SHORT INSTRUCTIONS
C

CALL .NST(SORL,TERM)C
C SYSTEM ZLASSIFIES THE SYSTEM TO ONE OF SIX POSSIBLE SYSTE.SC

CALL SYSTEM (SCLCLASS
GO TO (1,2,3,1,5,61,CLC

C GEOM IS THE IDENTIFICATION NUMBER TO BE USED WITH THE FITTING.
C I: IS BROKEN UP INTO FOUR PARTS. TZ FIRST DIGIT I THE SYSTEM
C CLASSIFICATION, 1,2,3,4 5 R 6. THE :EXT TWO DIGITS ABE THE
C S:ARTTMO NODE AND IAE FINISEING IODE OF THE 3FANCH. THE NEXT
C DIGIT IS THE FLOW IN THE 3RAiCH Z:RO :S CCCLING FLOW, ONE IS
C ENGINE FLOW TWO IS COABINED CO6LI.7G AND ENGINE FLOW. THE LAST
C TWO DIGITS IRE FOR THE ORDER NUIBER OF THE FITTING IN THE BRANCH.
C
C ZXAPLE: 113101 SYSTEM ONE NOD" ONE TC THREE, ENGINE FLOW,
C FIRST FITTING IN BRANCH

1 GECM Il 1 13101
GEC1 2 =12W001
GEC;i 2 =136101

C. G C.1 ' =1 5001_ 2RANJH=4

CALL F.TCMS ('CLRSCRN ')
WrITE (6 OO)
GO ". 1

2 GECM (1) =212201
GECM 21 =223131
GECMI 3 =2214001
GrCM #) 523 6101
G C.1(5) =245001
RAN CH=5

* CALL ERTCMS ('CLRSCr.N ')
:aITE(6 oO1)
GO TO 15

3 CM (1) =312201
GECM 2) =323101
GECM (3) 32Li001
GECM (4 =335101
GECZH (5) 3 5001
GZC(6) 5356201
BRAN H=6
CALL FETCMS ('CLESCRN ')

SWRITE (6 602)Go TO
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-"- - G--- (11= 131-01
G-' =424001

GEC.I (3 =435101
GE C3 4 =145001
GEC3QS5 456201:'.rE ANCH-5I
CAll FITCMS (' CLRSCEN ')
IRITE(6 603)
GO TO i5

5 GECI 1 112201
GEC I 'a

GECMN =535101
GECNJ5 =556201BRAN H=5
CALL FRTCWIS ('CLRSCRN ')
WRITE (6 604)
GO TO

6 GECM (11=6 13101
GECM (2 =625001
GZC. () -635101
GECM(4 =656201
BIANC 3=4

* CILL FRTCMS ('CLISCEN ')
WRITE (05)

10 CONTI!iU .

M=O
WRITE (6,606)

C
C READI IS AN INTEGER REAE SUBROUTINE TO PROTECT THE PROGEAM FROM
C CRASHING ON NULL INPUT CR ERfOR INPUT. IT ALSO ALLCUS FREE
C FCFMNAT INPUT.C

CALL READI(DUM,5)
CALL FRICK S('CLSCEN '-- C

C NOW EACH BRANCH WILL BE FILLED UP WITH THE FITTINGS. BRANCHES
C ARE TAKEN IN NUMERICALLY ASCENDING ORDER.
C

DO 40 I=1BRANCH
20 CALL IENU (3 TERM, TYPE,GEOM(1)

C THE MENU CHOICES IRE 0 THRU 3P CHANGE THE NUMBER OF FITTINGSC AND YOU MUST CHANGE THE FOLLOWING IF CONDITION ACCORDI.GLY
IF(rYP GE.OAND. TYPE.LI.31)) GO TO 30CAEL, FTCMlS('CNLRSARN '

WRITE(6 607)
GO TO 20

C ZERO MEANS NC MORE FITTINGS THIS BRANCH
30 iF (IYPE.EQ.O) GO TO 40

X=M+I
C
C A FITTIN3G HAS BEEN SELECTED, SOW GO TO THE BRANCHING SUBROUTINE
C TO ENTER IRE FITTING.
C

CALL SELECT (BoSOIL GECM(),TYPE,WORKI,ORKE)
CALL FRTCMS (' RSCAN ')
GEC; 4I=GEO (I) +1GO .: 0

40 CONTINUE
C
C ALL THE FITTINGS HAVE BEEN ENTERED AND THE DATA FILE IS ABOUT
C TO BE WRITTEN.

CALL SUMOOT (WORRIWORKR,9)
600 FORMAT(' SYSTEM 1S CLAAS ONE SEPARATE ENGINE/CCCLING FLOWS. '/

*' YOU WILL BE ENTERING FITTINGS FOR FOUR BRANCHES.9/+' 1. ENGINE INLET TO THE ENGINE. '/
*' 2. COOLING INLET TO THE COOLING FAN.'/
*' 3. ENGINE EXHAUST T0 THE ATMCSPHERE. '/
+9 4. CCOLING FAN EXHAUST 10 t HE ATOGSPHERE, VIA IT MODULE.')
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601 FOR.AT(' SYSTEM IS :LASS T7O, COIBINED INLZT FCR ENGZNE AND '/

+ COCLING FLO4 AND SE2 ARATE FL6C'S FOR ENGINE EXHAUST AND 1006LZ'/
+' COOLING dOT EXHAUST. IOJ WILL BiE ENTERING FITTINGS FOR FIVEI/*' RANCHES. '/+' 1. CO INED :'ILET TO THE CO3BINED SE:TICN OF A DIVERGENT ,YE
+.'/' 2. MAIN SECTION OF A DIVER;ENT WY: TC THE -NGINE.6/
+' . BRANCH SECTION OF THE OIVE'iENT 4TE TC THE COOLI FAN.'/+' Q. ENGINE EXHAUST TO ATMOSPHERE. I/"' 5. COOLING FAN EXHAUST TO 7iHe ITMOSPHERE VIA GT ODLE.')

632 FORMAT(' SYSTEM IS CLASS THREEt COMBINED INLETS AND EXHAUST '/
' FLC2S FOR THE ENGINE AND ICZJLE CCOLIN3. A CCCLING FAN IS'/+6 INSTALLED. IOU WILL BE ENHE&I:G FITTINGS FOR SIX BRiNCHES '/1' 1. COMBINED I.L'T TO THE CO.ABINED SECTION CF A DIVERGENT WYE
.'/' 2. .AIJ SECTION OF THE DI7ERGENT WYE T0 THE ENGINE.'/+' 3. BRANCH SECTION OF THE DIVERGENT IYE TO !HE COOLING FAN.'/

.4 4. ENGINE EXHAUST TO MAIN SECTION OF A CCNVERGENTT WE.'/
+6 AN EDUCTOR INSTALLED AT THE EXHAUST PLANE OF THE ENGINE'/
+1 IS CONSIDERED TO BE A CONTRACTION FOLLOWED BY THE MAIN'/
+9 SECTICN OF A CONVERGING 4YE FOa THE PURPOSES OF THIS '/
+6 PROGRAM.'/
+6 5. COOLING FAN EXHAUST IO HE BRANCH SECTION OF A CONVERGENT

'AYE!. WY O'EATOPEE/6. COMBINED SECTION OF A CONVERGENT WYE TO THE ATMOSPHERE.')
603 FOEMAT(' SYSTEM IS CLASS FOUR; SEPARATE INLETS FOR THE ENGINE'/

+, ANC TOOLING FLOWSL COMBINED FLOWS FOR THE ENGINE EXHAUST AND'/
+' HOT xOULE CCOLI"5. A COOLING FAN IS INSTALLED. -/
"" ENTER FITTINGS FOR FIVE BRANCjES. 1/
** 1. ENGINE INLET TO THE ENGINE.'/

' 2. COOLING INLET TO THE COOLING FAN.'/
+ 3. ENGINE EXHAUST TO MAIN SECTION OF A CONVERGENT WYE.'/

.6 AN EDUCTOR INSTALLED AT THE EXHAUST PLANE CF THE ENGINE'
+4 I CONSIDERED TO BE A CONTRACTION FOLLOWED 3Y THE MAIN'/
.' SECTION GF A CONVERGENT WYE FOR THE PURPOSES OF THIS'/
+4 PROGRAM. 'I/
+' 4. COOLING FAN EXHAUST TO THE BRANCH SECTION OF A CONVERGENT
+ 4YE. /
+D"' 5. COMBINED SECTION OF A CONVERGENT PYE TO THE ATMOSPHERE.')

604 FOSMAT(' SYSTE.. IS CLASS FIVE, COMBINED INLET AND EXHAUST F.OR. '/
.' AN EDUCTOR SYSTEM IS USED TO PUMP COOLING AIR.'/
-' ENTER FITTINGS FOR FIVE BRANCHES. !

1. . COMBINED INLET TO THE COMBINED SECTION OF A DIVERGENT WYE
.'/' 2. MAIN SECTION OF THE DIVERGENT WYE TO THE ENGINE.6 /

.6 3. THE EEUCTOR ONL!A THIS PROGRAM CONSIDERS THIS BRANCH TO'/
+6 CONSIST OF ONLY .WO COMPONENTS A CONTRACTION AND THE'/
+1 MAIN SECTION OF A CONVERGENT WIE INSTALLED AT THE EXHAUST
+: /I PLANE OF THE ENGINE.'!
+6 4. BRANCH SECTION OF A DIVERGENT WYE VIA THE GT MODULE TO'/
.6 THE EZUCTOR. THE PROGRAM JNSIDERS THIS PART OF THE'/
+6 ECUCTC3 TO BE THE BRANCH SECTION OF A CONVERGENT NYt.'/
+1 5. COMBINED SECTION OF A CONVERGING WYE TO TH. ATMOSPHERE. /
+6 INSTALIATICN OF A mA5TE HEAT BOILER IS NOT RECCMENDED.')

605 FORMAT(' SYSTEM IS CLASS SIX' SEPARATE INLETS FOR THE ENGINE'/
+6 AhL COOLING FLOWS COMBINED FLOWS FOR THE ENGINE EXHAUST AND'/
+. HOT IODULE CCOLING. AN EDUCTOR IS INSTALLED.'/
.6 ENTER FITTINGS FOR FOUR BRANCHES.'/
+6 1. EGINE INLL' TO THE ENGINE.'/
+' 2. COOLING I:ILET TO THE EDNCTOR VIA THE GT MODULE.'/
.-6 THE PSCGRAM CONSIDERS ZAIS PART OF THE ErUCTOR TO BE'/+- THE ERANCH SECTION OF A CONVERGENT WYE.'/
.6 3. THE EDUCTOP ONL Y THIS PROGRAM CONSIDERS THIS BRANCH TO'/
.6 CONSIST OF ONLY IWO CO3PON-NTS, A CONTRACTION AND IHE'/
+s MAIN SECTION OF A CONVERGENT WkE :;STALLED AT THE EXHAUST

PLANE OF THE ZNGINE.'!
.' W. THE CCMABINED SECTION OF A CONVERGENT WYE TC THE ATMOSPHER

606 FOPAT(///' ENTER zERO TO CONTINUEI
S607 FCRMA-.(' You 01C NOT ENTER A CORREC. FITTING ID NUMBER.')

FETURN
END
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C 3D:::NG SUBROUTINE: USED TO ALTER THE ZUCT DATA FILE C
C WITH THIS PART OF THE PROGRAM YCU :AN CHANGE, DELETE, OF ADD A C

C FITTING TO THE DATA FILE. IT WCJLO BE HANDY TC HAVTE A COPY )F C
C IT WZTH YOU WHEN YOU MAKE THE CHAAGES. ALSO THE DATA FILE IS C
C IS PELAANENTLY CHANGED, TO SAVE A COPY, MAKE A COPY OF IT UNDER C
C A ZIFFERENT FILE NAME. YOU STILL MUST HAVE A FILE NAMED "DUCT C
C DAT.A" TO EDIT. EACH DUCT DATA FILE IS SERIALIZED BY THE USER CC AI A NEW SERIAL NUMER CAN BE ASSIGNED TO THE CHANGED FILE. C
C THE SERIAL NURER APPEARS OF THE CC.iPUT7D DUTPUT FILE OF SYSTEM C
C ?ERFORMANCE. CHANGES ARE MADE SY THE INDEX NUMBER OF THE FITTINGC
C IN THE DUCT DATA FILE. T'HE INDEX NUMBER iS THE NUSRER IN THE C
C FIRST COLU-N. C
C C
C THIS SUBROUTINE DOES NOT CHANGE THE SYSTE. CLASSIFICATION. C
C TO GET A DIFFERENT SYSTEM YOU IUST BUILD -T WITH THE BUILD C
C ?ART OF THE PROGRAM. C
C C

SU REOUTINE ED
REAL A WO KR
INTEGE N INDEX,ANS,CHANGE, DELETE, ADDeLM,S,YES,NC,i ORKI,,Z,+ FI TID• ~DI-wNSION INDEX (2o00) WoR, RJ(20o 4) WOaKIJ200 2)
DATA CHANGE .'' LETE' A),OK 200,
READ (8,600 SEJIAL, /
DO 10 1=I .

READ (8,601) INDEX(I) ,;IORKI (I1),WOAKII , 2) WOFKR(I, 1)
+ WCRKR (I, ) I dORK( ,WORKR (I,4)i 10 CONTINUE

ll 1 REWIND3
23 WRITE 16,602L

READ .4603,ZNZ=22,ERR=22) ANS
IF(ANS. EQ.HANGE).DR.(ANS.Q.DELETE).OR.(ANS.EQ.ADD)) GO TO 3022 ff iND ;

WRITE 16,604)
GO TO 20

30 IF(ANS.EQ.CHANGE) GO TO 40
IF (ANS. EQ. DEL.) GO TO 30
IF (ANS.E *.ADD) GO TO 150C

C FITTING IS TO BE CHANGED, A NEI FITTING SUBSTITUTED FOR THE OLD
C
C WHAT INDEX JUMBER, I 7??i- c
40 WRITE S6605)

CALL R 1D (m 5)
C DO YOU NEED i tENU ??7

50 WRITE (644O6)
READ (5.o03,ND-52.ERR=52) AiS
CALL RICMS' (-CLRSRN .
IF ($ANS. EC.IES).OR. (ANS.EQ.NO)) GO 10 60

52 R EIND 5
WRITE 16,604)
GO TO 50

60 CONTINUE
:TANS.EQ. YES) GO TO 62

CALL R AII(TPE,5)
GO TO 64

C CALL THE NENU AND MAKE TEE CHANGE
C
62 CALL MENU O a,-YPE WORKI(m 1
64 CALL SELEC !i iWORAI (N, 1) ,hPE ,WORKIWORKR)

C ANY MCE CHANES ???
66 WRITE 186D,)N ,ERB=681 ANS

50
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6 F AS ?YS R AS-~.0 GO TO 70
'A WRITE (6,604)
GO TO 16

70 CCNTINUE
IF 4AH5. EQ.YES) GO TO 40

C
*C A FITTING IS TC BE DELETED

C
30 WJRITE 16 605)

CALL READ(5t
IF 4 ~ Q N) G6 .C 120

1=0
C REWORK THE ID NUMBERS LSD RELOAD THE FILE

Do 110 I=N N4
TEST=WOfKI (1.1 1) - WOPKI (I, 1)
IF (TST.T.1)IZ.1
IF ITZS-.EQ.1) AND iz ::Q.0) GO TO 90

G3 To 1i o' *01
90 CONTINUE
100 WORKI (1,2) WcEKI (1:2)

WOPKR (1 1 = 4CRKR (1+1 1
WOBKR (1,2) =WRKR (1+1 2)
WoP.KR (1,3 = WCFKh 13)

11 CC.ORKR (,4) =WO2KR (1+1141*~S 10 CTINUE
120 CONTINUE

WIRITE (6,609L
C ANY IOAE DELE.TICNS ~
130 WHITEUREAD 16016-3,H1 ASS

13 56 ?: E ) -0' (INS. S.NC) )GO TO 143
WR 1TS 465604)

140 CONTINUE
IF 4ANS; zQ.YmS) GO TO so
GO .0 250

C
C A FITTING IS TC BE ADDED

150 WRIT! J6 6111)
CALL B AZ 5)sN+

S=N-N

P= M*+ 1
C OPEN UP THE DATA FILE TC ADD THE NEW FITTIG

DO 160 :zl,s
noRFKI ('2N1111 WORKI N I1,12NOPICI( (N1-1,2) 

WOKi '41,21WCRHKR IN 1:I1) =WO RKR S-I,1
.0aK N:4, 2) WORKE '-I,2

NC.K (41-1,3) WOR KR N-1,3

160 CCNTINUE N11 4=G~ -,

z-0
C REWORK THE ID NUMBERS

DC 180 lap N
TEST;VOHKI4I 11 -'0RKI (1-1,1

I TEST. LT. .0 ).AND. (Z.EZ2)20T 7

GO TO 180
170 WORKI(I,1)=WO&KI(I.1).t

*180 CCNT:NU!
C D0 Y0U NEED A MEND ???

-•1
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190 A 3 3, 3=1 O2,ZRF192) INS
CAL :PCIS ('CIRSCN ')
I= (JANS Z. 0YES) OR. (ASS.7-.JC)) GO TO 2'0)

192 F_ 4-N15
RT (6 604)

G~ O 01 96
20J C, ST I UE

iF;y4S .Q.YES) GO TO 21)

GO C0 220
c _ :HE 1E2 FITTING

Cl ) iLMEU4 TYPEID)

(EAD, ], *NC=231,ERR;232) ANS
23 ~ .~).O.(ANS.EQ. C))GOT24

240 CC4TINUE
: F (ANS.EQ.IES) GO TO 150

*C DO YOU WANT TO MAKE ANY OTHER ZHANGES ???
250 WRITE ANSl~lFEAD 33 ,.=252,ERR=252) N

252 F Eli.YES) .OR. ( A Ns. Q.N0) ) ;O -4O 260

260 CCNTINUE
IF (ANS.,EsQ.YES) GO TO 20

I LL S :OU (WO:I, WORKE, )
RTWIiD a

600 FERnhT -I6 1,3
6J1 FORIN(I3,J3 6 3X 12 3X,T1o. 43X, 10..W3X 1  4 3X F10.'4)
602 FOI2AA ( DO YC6 WINT T C; CHA iGz, C ELEIZ Dil AH lc/*5/a j:'

+ YOUR GLD FITE IIL BE ?ERIANE!;TLY CHANGj:O, DIDY OU'!
* ' C3PY THE 0.D FILE UNDER A NE :T~ F YG WATD O'

+ SAVE IT? IF NOT, ENTER TWO NULL iTFINGS TO0 KlL I: Z
* 'PP. OG SAM.'

603 TFRAT Al)
604 FORMAT' YOU SCST ENTER A LETTER 1NDICATED IN THE BRACKETS.')
605 FOEMAT WHAT LINE DO YOU WANT TO EDIT?')
606 FOR'i AT 'DO YOU NEED A IENU (4/M'L
607 FO fi11A WHAT IS TTFE FITTIIG TYPL NUMBEl?')
608 FORMA: WANT TO CH~ANGE ANCTHER F11T1243 (ZIN)?')
609 FORM.A:~ DELETION COMPLETE.'610 FORMAT WANT TO DELETE ANOT.E FIIN~1 FOY.A 'AFTER WHAT LINE DO YOU WANI :o A:.0 ANvHTR IIN?'
612 FCPP.A: WANT TO ADD ANOTHER FITTING 4Y/!N)
613 FCRY.AT ' WANT TO MAKE ANY OTHER CHANGZS /N0'

FETTpN
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C CCMPCTE SUSROUTINE: PRODUCES PERFORMANCE DATA CF SYS:s:1

C THE DUCT DATA F ZE 5 REAn AiD THEN THE USER !UST !NPUT THE C
C DESIRED OPERATING POINT. INPUT T:N" AMBIENT TEMPERATUR. C
C (DEGRZES F), THE A.!.I ENT PRESSURE JPSIA), AND HUJMIDITY 1GRAIis), C
C CRSEPOWER, ANE POWER TUR3INE SPE-E. OUTPUT IS THE ENGINE C
C PZRFORMANCE AND DUCT RESISTANCES. :HE OUTPUT GOES TO YOUR DISK C
C UNDER FILE OUTEUT DATA. C

SDEFOUTZNE C0ME
REAL ;RKR TO P0 HUmID P.T AC73tAC7,ADWC ADWB,AD'C,~AD ., LFAD,1LFAC,kO FOST .MF3M F..AXDPDAXK
INTEGER N INDEX,WOICLASS, RANCHZIT1S.,I,TEST,NBR,)FF, SERIAL,+ ANS HES NV
Di1.ENSI3§I IDEIt2OO, WORKI (200,2) ,WORKR (200,L) ,FITlST(7),NBR(6)
DATA YES/ Y'/, NC/'N /
CALL .RT CS (CIRSCPN ')

C aEAD FILE SERIAL NUMBER AND HOW SANY FITTINGS ARE 'N THE FILE
READ (8,600) SEEIAL,N

C READ IN5EXID NUMBER, FITTING TYPE,AND FOUR ELEMENTS OF DAT&A
C FOR EACH FiTTING

DO 10 1=1
READ (,601)rINDEX I)4WORKI( 1), OORKI 2) ,WORKR(I 1),

13 , KR (I , ORK ) ,ORKR( ,I)l3 CC NT IUE 4

REWIND 9
C FIND OUT WHAT CLASS SYSTEM IS IN THE DUCT DATA FILE

CLASS=WORKI(t 1)/100000
C ST UP FOR THE CORRECT NUMBER OF BRANCHES FOR THE SYSTEM

IF CLASS.E.1) ERANCH=4
IF CLASS.E,.2 ERANCH=5
IF CLASS.EQ. 3 ERANCH=6
IF CLASS.ES.4 ERANCH =5
IF CLASS. E". ERANCH=5
IF CLASS:E'.6 BRANCH 4IT (CLASS.. I)l GO .0 80

C SEARCH FOR wl AREAS. IUST BE KNORN FOR MATCHING. SEARCH IS

C DCNE BY LOOKING FOR THE "WYE" FIT'NG TYPES, 13,14, .5,16.
20 DO 70 1=IN

IF (WR kI(I,2).E .13) GO TO 30
IF (OODKI I, 2.E2.1) Go TO ,4J
IF ,WOK (12 15~ 0 TD 3D0
IFN ORKI I,2 .E.161 GO TO 60
GO TO 70

30 ADC=WO RKE I,I
ADWB WORKR I.2
ALFAD=WOKR (I
GO TO 70

40  AD)M=WO RKR (I,1)
GO TO 70

50 AC;C=WCRKR (1,1)
ACWB=WORKR(I2
ALFAD=WORKR 1f )
GC TO 70

60 ACWM=WO RKR (I,1)
70 CONTINUE
0 CO NTINUE

M=2
C THE INDEX NUMBER OF THE FIRST FITTII OF He ERANCH IUST BE KNO3N.
C IT IS USED IN TEE DO LOOPS OF THE SYSTEM ANALYSTS TO FID 3RINCA
C PPESSURE DROPS. NEXT LOOP SEARCHES FOR THESE INDEXES. LOOP Wil
C FIND THE INDEX WHEN ID NUABERS DIFFE. BY MORE THAN CNE.

* .. FI1ISTI1)= 1
DO 90 &=I.NTES.=W6OI (I41,I) -IORKI (1, 1)

IF(TZST.EQ.1) '0 O 90
FI iST (=)INDEX (1+1)
= M 1

3
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90 cc hTiNUE
C GET THE OPERATIN4G CONIDITIONS AND P04ER iE;J:aEMENTS.

* C CAL~L OPZOND(T0Od I p
IP (CLASS.GT'4) GO :0 98
CAL FAN (RHOS TD,CF.!0,CFfAX,P.AX,K)

95 CALL P WRPT (HP, NPT,:O PC GO TO THF. SYSTz~ SUBRS UT IErIOE O M 7T~
*98 GO : 0 50 200,250 300 350) ,CLASS

130 CauL SiSi (UERIL L, w.0afI 46ECCE -P ;P,FIT3T,:,P0,HJmID,
* F~HOSTZC. ICYX, D A~

GO TO 400
150 CALL SYS2 (SERIAL N 3ORK1 OKPNTFT5,0PUIa + ALA Dw. A* HO ,C? ,CFAD,4 .JAX ,K)GO TO 400 ROT ,M!FA,
200 CALL SYSO (SERIAL 'I WORKI OrKR HP Np:,rIT1lST,:TO 20UMID,

+ ALFAE -1, DCAD4,~AVC.CCA'I
+ GCT R40EHOSf,FI 6 C?!AX,DPI1AX,K)

250 CALL SYS4(SE.RIAL N,?ORKIOORKR,H,PT?ITST,TPO,HUlIC,
+ ALFAC l ACW
+GO TO 400RHS1CF6 AX,)

*300 CALL SYSS(SERIAL N,WORKZ, ORKR ii?1P '17;1I1ST io pOHU:IiO,
+GO TO 400ALALIWA6RZW' AfC .,W,1im

350 CALIL SYS6(SEP.IAL N ORKI WORKR dP,NPT,FITlST,'T0,?0,HU0I!D,
4O+CNIU ALFAC,1CfB, ACW,ACqMf

C DO YOU WANT TO COIAPUTS WITH DIFFERENT OPERATING CONBITIONS ~
410 WR IiE ( 6 6 02 L~

RZAD (53 o3-NrD=420,ERR=L42O) ANS
IF (4ANi.EQ.E)0.AN.QN) -0T 3

420 RZWIND5 ES..(ASQ.O 30T40a ~ ~~~~~430 CCNTINUE ~604 OT IH~FRN PiTN

IF (ANS.EQ.YES G O9
00FOF.A (16, 1)
61FORMA- (3:31116 .3 X1 2 , 3 X,F1O.4L3X 0. 3 Flo 4 3X Flo.4)
62FOR~i;- I' DOYO5 WANT TO CO~iU.E' 1 IF
+NS ?1/))

603 FOR.AI (A)
604 FOEF.A: (' YOUJ MUST ZNTER A LETTE'R INDICATED IN THE BRACKETS.9)

RETUFN
END

0
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C

*C INSTEUUI.ONqS SUBROUTI.NE: LCNG OR SHORT, CR1 OR TYPEWRITER C

C THIS SU3ROUfTNE IS CALLED IN f*i RU LD SUBROUTINE. IT DOES NOT C
C CCIPUTE- ANYTHING. IT :S AN ADMINISTRATIVE PART OF THE PRGO AM C
C TO SE! IF THE USER WANTS LONG OR SHORT INSTRUCTIONS, AND IF C
C THE USER IS USING A CR1 TERAINAL OR TYPEiRITER TEMINLL. C
C TYPEWRIT.E TERMINALS DO NOT SET 'HL MENUS OVER ND CVER. C

SUBROUTINE INST (SORL TERM)
INTEGER SORL. TERM ANS LCNG SHORTCRT,TYPE
DATA LONG SH6BT,C&TTfPE/'L','S','C','T'/

5 WRITE16,660)
READ 5 ,601 ENL=7 ERR;7).ANS(A S. EQ.ONG) .6R. (ANS.EQ.SHORT)) GO TO 10

7 EW.IND 5
WRITE (6,602)
GTO 5

10 IF(ANS°QO SHORT)GO TO 20

WRIT--6 603)
GO TO 36

20 SORL=O
30 CCNTINUE
40 WRITE 6

RE0 D RITE5,O1ENL=42,ERRm42) ANS
IF((AN S. E.RT).0R.(ANS.EQ. TYPE)) GO TO 53

42 REWIND 5
WRITE(6 602)
GO TO 46

50 IF(ANS.E 8 .CRT)GO TO 60TzEi=u
WRITE(6 605)
GO TO 76

60 TE =1
WRITE(6,606)

70 CONTINUE
600 FOS MAT ' DO YCOU WANT LCNG OR SHORT INSTRUCTIONS (L/S) ?1)
601 FORMAT Al)
602 FORMAT YOU MUST ENTER THE LETTER INCICATED IN THE BRACKETS.')
603 FOERMAA YOU HAVE SELECTED THE LONG INSTRUCTIONS.')
604 FORMAT ARE YOU WORKING ON A CRT OF TYPEWRITER TERMINAL (C/T)?')
605 FOFl.AI YOU APE WORKING ON A TYPEWRITZR TERMINAL.')
606 FORMAT1' YOU ABE WORKING ON A CRT TERdINAL.')

FETURN
E.11 D
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C SYSTEI SUBROTINE: JETEilIIES WHI4L SYTS 1 2 3~53 , C

C CALLED 'Y :HE *SOI 3 SU-3*OJTIUE. J*SZ J3 ST ? HE ';Rll ?Ca
C ThE VARIATIONS IN 3UZT SYSTEMS A7AI :1ABL . :HE EDL:.IN: -3SBOT:4 --C
C CAN 4C: ZHANGZE THE SYSTES TiPE. ONE ST 27 12 E ANCT9ER i.U OF-
c TH! BUILD SZ)3ROUTTNiE*IS q~U:ID :,367 A 31 ?ERTJT SY37! .
C*S**** *~~~s***S**s*eeaeS~e~eaesau~e..

* SU!E*O!TINE SYS7El ~ soRaL CLASS)
INTEGER jSORL ClSz ;ANSi IN'SIZ AsS3 ,YE-SNOSHO&T
IFflSGRL.EQ.SiLE ,G T 33

C DO ES :13- COOL:NG AIR BRANCH 3FF ZHE 31A.*$~'

5 RITE (602)

P.A( 40 3=7,N EIRR-t 7 NS2
IF( (AN41 E .YES)-5R. ( A .lE,.N3)G 0 ~O1)

12 7RE6 6 2

C IGS HEA COOLING A JINSTHLE3 IAJ ?? J' ?
20 WRITE '.' 1 ;1 R 12 A i

12 RI-.E(6 602)

GO T3 25
C 5 AN EI A COOLING AN I INS.ALLED OF~ETN EN O H

C0 DUCT E JIND OETERN H SST
25 F (ANS.EQNO ) .AN. (A2..NO )CaS

C AIF Ni COOLNG FAN. IS NS.IL;S.ND. Z(F~AN.E.NO )) LS fi:H
C DUCT ANRE OINS JOG ST ENTEi :HE STS: LSIFCIC1.RE

C5iA~L .EDI(AC D S2 jS,5)S-

IF ( CAS. GT3 .AD. AN2T(CLIAD.hS c L5=

GO 1~ 351
40 CCRTTNUS

6 G CONA TOO OTETRALTE I H RCES
*603 F0 P!AT( DOES THE 'IODULE COOLIYJG AIR JOINCO THE MAIN NGN ET

+ ? (YN) '
634 FoRaTl * S THERE A COOLING FIN INSTALLED?'
6J5 FORMA! I' ETEP THE SYSTEM CLASSIFICATION. 1 2 ~,4, 5, OR f6')
606 FORMATi Y' OU IUST ENTER. A 1, 2, .3, '4, 5, OR 61 -

RETURN
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C 1!NU SUBROUTINE: PRITS .EN{ ANID FINIDS OUT WHICH fITING ro USE C
C 0 ********* **************** **a**aaa*aa aaa.C CALLED aY BUILD AND EDIT SU3RCJTINES. C
C CHANGING THE NUMBER OF FITTINGS REQURES HANGlNG TEE ENU. C

C JUST REVISE THE FORMAT STATE.IENTS, WATCH HAT IT DOES ICT C

C OVERFLOW THE SCREEN. C

SUBROUTINE 3ENU(. TERM TyPE ITID)
INTEGER FITID,M,T KITYE,CRT,IP T
DATA TYPWRT/O/

C IF USER IS ON A TYPEWRITER TERmINAL THE MENU IS PRINTED ONLY ONCE
IF((M.GT.0 AND.(TERM.EQ.TYPWRT)) G6 TO 13

WRITE (6,601
4RITE 6,602
WRITE (6,603
WRITE (6,604
WRITE 6,605 FIIID
CALL 1EADI (IYPE,5)
GO TO 20

10 WRITE(6 606)
CALL .EDI (TYPE,5)

23 CCNTINUE
CALL FRTCMS('CLRSCRN ')

600 FORMAT ( ' 00 NO NORE FITTINGS THIS BRANCH'6X, '* 14 DIVERGI
+NG WYE . N SECTION '/' 01 INTAKE SHAFT, RECT SECTION SIDE *
+15 CONVERGENT WYE BRANCH SECTION '/' - ORIFACES WIHHOUT) LO
+UVEiRS * 16 CONVERGENT WY, E AIN SECTIZ4,'/' 02 STRAIG4T DUC'
+21X,'* 17 DIFFCSER CONICAL RUND SECTION'/' 03 ELBOW SMOOTH RAD
*IUS RCUND', X'* 18 DIFIFUSER PLANE, IN-LINE'/' 04 ELBOW; 90 DEG
+ 3,4 5 PCS; R6UND * 19 DIFfUSER PfRAMIDAL, IN-LINE '/' 05 ELBO
+N NiTERED, ROUND, W&W/O VANES- 20 DIFFUSER, TRANSITIONAL (ROUND T
*0" /I
*' 06 ELBOW, MITERED, RECTANGULAR * RECT OR SECT TO SO+.UND)' l

601 FORMAT(' 07 ELBOW, SMOOTH RADIUS RECTANGULAR * 21 CONTRACTION RO
+UNE'!' 08 ELBCW, SMOOTH RADIUS WITH * 22 CCNTRACTION RECT
+ANGOLAR'/' SPLITTEBS RECTANGULAR 23 OBSrRUCT.CN
+SCREEN IN DUCT'/' 09 ELBO k, MITERED WITH VANES, RECT * 24 LOUVf+R ENTRANCE'|602 FCRMAT( 10' ELBOW, .CNVERGING OR DIVERGING a 25 FILTER'/

+1 FLOW, RECTANGULARR' 14XI,' 26 IULJI-BAFFLE SILENCER'/
+' 11 ELBOWS, 90 DEG, Z-SHAIED~ I ECT * 27 GI 14ODULE ')

603 FDRMATI 12 ELBOWS 90 DEG, I DIFFERENT * 28 WASTE H EAT 901
PLIN!E , RECTAGLAR ,111, " 29 EXIT ABRUPT'I

1 13 DIVERGING IYE BRANCH SECTION * 30 FI:TING 1OT L ST!D'
b04 FCRMAT(' / ****,******USE TWO DIGIT NUMBER, PRESS ENTER*****

b05 ' >> YCU ARE WORKING ON PITTING NUIBER >>'16
606 FORIMA .' ENTER THE FITTING TYPE NUMBER FROM THE MENU.1 )

RETURN
END

5

II
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C SELECT1 SUBROUTINE: BRANCHES :0 FI'TNG SEL-CTED lN 3ENqu C

C CALLED BY SOILt A.ND EDIT SUBROUTINES C
C THIS SUBROUT14E CALLS LOAD A SUBROUTINE THAT TF.ANSFERS 155 C
C DATA OF A FITTING TO THE SYSTEI STORAGE ARRAYS ROflKI AND iORKR C

SURFOUTINE SELECT (11, SOB LGEOM, TYPE, VOR KI, UORKE)
REL 40R(R WJKR
INTEGER .1,4KI HORKI SCEL,GEOI TYPE.
DiNiENSION WOREI (200,2) !iRRUD ), WKI2) WKE (3)C CHAxGiN:G THE NOBER OF FITTIlNEQ IRE4SACHANGE IC THE FOLLOWNG

C GC TO STATENENT AND THE ADLD: OF 0a CALL TO THE SUBROUTINE
C THAT HANDLES TEE NEW PIT" ING.

GO TO (1 2 3 5 6,7 8 9,10,11, 12,13 14,15, 16, 17, 18,19,20,
+ 2112'25 1'29 t6'27'28,29) ,TiP

1 CALL -ITOi (§ORl Gr.ON*WKi %ka
CALL LOAD (N ,GEC&, WKIW KRWORiI ,NOllxB)
GO TO '40

2 CALL E1102 (SOBL GEOM,WKI,-iKR)
CALL LOAD (ff,GZCM, WKI, WKB,WORkI,lORKB)
GO To 40

3 CALL F1703 (ShLGEOl OKI I KRjK*CALL LOAD (AN ECI , KIWKBW0R (~IORKR)
GO To 40

4 CALL FIZ04 (SORL,GEOM,UKI,WKR)
CALL LOAD (N ,GEC3,dKI,WXR,WORK,UORKR)
GO To 40

5 CA LL FIT05 (SOfiGEO. OKI 11KRk*CALZL LOAD (11, GEC , WKIWKRWOR I,WORK)
GO To 40

6 CALL 5I106 (SOELGEOM,WKI, IKE)
*-CALL LOAD (11,GEChA,WKt.,WKa,WRI,WORKE)

GC TC 40
7 CALL F1T07 (SORLGgoq WKZWKRJ)CAL.L !LD (M, G EC vKI WKB WoaKIORKR)

GO To 40
a CALL F1T08 (SOELGEONWKI, "kR) ,ORRCALL LOI D (M , GECh, 1KI WK , WORKI~RE

GO To 40
9 CALL FIT09 (SOELGSON : KIIKRJ)CAll LOAD (M,3ECAN,4KI wKB WORK WORKR)

GO To 40
10 CALIL F1210 (SOI GEO.1 WKI,~a

CALL LOAD (K ,G ECtI, WKI , :wOFakOR
GO To 40

11 CALL 51111 (5051 GE04 WKI, WKKECALL LOAD (11, 5EC , 4KI , KBROR WIORKR)
GO TO 40

12 CAl E1112 (SOFL.GEOd,WKI,WiKR)
CALL LOAD (N ,GEON,WKINKR,iOrKI,IFORKE)
GO To 40

13 CALZL FITt3 (SORL GEOM OKI WKR)
CALIL LO.1D (ft, 5 CS,iKIW K B:WOR I , wOEK )
GO TO 40

14 CALL FI714 (SOIL ^.EON WKI,WKE)
CALL LGA D (3 EA K KRfI-(RH
GO TO 40

i5 CA LL F1715 (SOIL GEOS WKI VKR)
CALL LOAD (N ,G3EC&, iKl:iKB , I,0RR
GO To 40

16 CALL P1116 (SOIL GEOM,WK-l,WKR)
CALL LOAD (N ,ZEC , WKI , WB, ;OKI ;IORKR)
DO TO 40

17 CALL F1T17 (SOB.LGSOWIK
CALL LOAD (N ,5EC3,4KIWKBaORKI OKR

*18 CAL F~l SORLG!OM,5iK!,WKak
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GO TO 140
19 CALL F1719 (SOELG olFIKa

CALL LOAD (5, GZS'K :K"W
GO TO Q0

20 CALL FIT20 (SOFt GZOMK:,!2CALL LOAD (WK W~i
GO TO 40

21 CALL FIT21 (5021 GEOM VKI:WKakR) R~call LOAD (M ,-.ZC3,5KI~idK2,IOR.,O2
GO To 40

22 CALIL FIT22 (SOEL GECNM KI WKS) -

CALL LOAD ( ,GZO2I,WKIWK2,dO2A(I,JGaKH)
GO TO 40

23 CALL FIT23 5021 ,GZO9,VKI;?KEkICALL LOAD (. *DECM,dKI,WKR , OR WORKS)

GO TO (402 ,C.KIWRUazwKE
4 CALL FIT24 (SORt GECN.2KI,IKR)

CALL LOAD (N .GEC!3.WKI,VKRVORt(I,VORKR)
GOTO 40

27 CALL EIT27502 SFIGE- WKI: I 'do)CALU LOAD (11,ZCM,IKWR OA A~OKI
GO TO 40

28 CALL PIT26 (5051 3EONUKI wKii
CALL LOAD (N,;E~,II ,Ka, WOR KI,iORKE)
5O TO 40

29 CALL FIT27 (SORL GE OM WKI VKR)
CALL LOAD ( iECh KI ,KB:rKOKL
GO TO 40OL(,OR

30 CALL FIT29 (SOFIGZON IKI:WR
CALL LOA D (NM GZCM iKI wKB WORKIVORKB)

40 CONTINUE JRQIEAOHr ALSAEETHR
B?!UBN
END
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C ETITING 01: VERT. INTAKE SHAFT, S:tE ORIFACE-S WIHOT OVERS
C REF.HANBO CF HDALI RESISTANCE, I.E. IDEL'CHIK PAGE 103 C

C THE TABULATED VALUES ARE LISTED IN AN AREA! IsA", THE RCPER VALUEC
C IS EXTRACTED 37 ANSWiERING CERTAIN 5USIN ABOUTCNIDAIN

C HERFEENEARA STHE SHAFT A, EA. --HIS FITTING IS FOR C
C DYNAflIC RE 8ISTANCZ, THE DUCT CONNECTE-D TO I SHOULD START JUST C
C BELOW THE ORIF ACES. C

SUBROUTINE FlTO1I(SORL GEON, WKI, WKR)
REAL N KR AAAREA
INTEGER A~*~ NSI 1ANS2 ,TES,NO1GEO.SOR0L.WKI,OPP,ADJ
DTME3SION WLI(2)l,KE4A(3
DATA YES/'Y', NO 'Ob/8/D/'M

C HOW NAN! ORIrACIS ???
2 WRITS Z 600)

CALL A ( 5)
IFYNLT.i1).OR. (.G1 )GO TO0 2

C IF TWO OPPoSITZ OR AZJACENT7?
5 RE( 63. ND-7,E-RE7) ANSI

IF( CAS 1Eg.0PP).OR. (ANS1.EQ.AD)J))GO TO 10
*7 REWIND I

WRITE (6,604)
GO TO 5

C ARE THERE LOUVERS INSTILLED ???
10 WRITEAR 601)

CALL RUEDRIAEEA,5)
15 EAD(4i END=17 ERE=17 ANS2

17 IF( A462.E".YES ).SR. (ANS2.BQ.NO))30 TO 18
WEITE(6 604)
GO Tl

18 IF ((N.EQ.2). AW. (ANSI .EQ.OPP)) N=2
IF (N.ZQ~ AND. (ANS1.ZQ .ADJ) N=3
IF 3NE4 '=4

IF(NS2 z-QfiS) GO TO0 20

M =.

30 TO 30
20 14Z
30 CCNTINU'

C DATA FEI DRCTCHIKS HANDBOOK
A 1,1 =12.
A 1,2 =3.6
A 1,3 =4.2
A 1,4 a1.8
A 1,5 =1.2
A ,:1 =17.5
A 2,2 =5.4
A 2,3 =6.3
A 2:4 =3.2
A 2 i. =2.5

C 5bHP DATA INTO TRANSFER ARRAYS "KIWKR

WK: 12 =1I
WK- 1) =AREA
WKE (2) =1.0

WKE 44=A BEl)
600 FORA (' R70S HAVE SELECTED A VERTICAL INTAKE SHAFT OF '/

. RECTINGULA SECTION WIT SIDE ORICACES AT THE TOP. I
.- IT N A OR A, NOT HAVE LOUVERS OVER THE ORTFACES.I/
+ ' FILTERS ARE A SEPARATE F:TTING.'//'***FIEST, ENTE HE NO

IN63 TEER CFORIACSSNS2,3ESO4 EOSSI , KO',D

FMENAT(N OP TETHR*K2W OSEpZ !A2 AREA OF THE VERTICAL SHAFT.')601 FORMAT (I ENTR -

06

..................- . .. . .. ...... ...-



602 FOiNA'(' SIICE THRE AR! TO BE T'JO ORIFACTES, ARE THE OP.IFACS-S OPP
*OSITE OR ADJACENT (0/A)?')

603 FOENAT (Al) -S160'4 FORMAT YO' 3o ST LITER A LETTER IS THE BRACK-T.'
605 FOENAT (' LAST OES-ION, ARE LOJVE-RS MOZINTED ON THE ORIFACES? (Y/

END
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C FLT INlG*32: ST-RAIGHT. DC O'DOREC ANGULAR*** :::::*C~ **&s~a*e*******u. ****~ae**** **sC
C NO REFE-RENCE, CNLY THE DDCT 3EO.4ETRY IS INPUT HER7. LATER ON IN C
C THE CCiPUTE PART CF THE F-iOGRAd A COSFCZNT BAS-_O: ON ?*L/D 4IL. CC BE DEVELOPED 1O DETZRSINE HE ESISTANC FTEDC.FI C
C F61CT::Cl FACTOA. SEE F-TDP ?OR THEZ CO,.gELAT.CN UiSED. c

SUBROUTINE FITI SRLGE02K,4R
REAL A 8 L D WKE
INTEGEk IOAL'GECMPiKIUANS1.CIRRECSHO3T
DIAENSIDN i~i (2 SHORT/Of4
DATA C:R/'C'/ iHBTo

C 15 DUCT IRCUtAR OR"REHNGULAR ???
5 WRITE16 160OL

?EAD( 001, ND=6,ERR=6) ANSi
6 F ( ANl . CIE) OR. ( AN1. EQ. REC))GO TO 7

WRITE (6,60 8)
GO TO 5

7 I1 (ANS1 - IR) GO TO 30
IF ISL EQHOET) GD TO 10
WE ITE16 621 5CALL RUE1 DRI,54WRITE(60)
CALL EDE (3,5)
WRITE (6 aD 4
CALL BEDE (LS)
GO TO 20

10 WRITE16 605)
CALL SEUDR (A,5)
CALL READR(35
CALL FEAD. (L,5)

20 COITINUE
AREA=A*3

C SINCE THE DUCT IS RECTANGULAR THE EQUIVALENT CIRCULAR 'IAANER
C IS REjUIRED. THIS IS FROM TH ASHRAE HANDBOOK, CHAPTER 33, DUCTS

0=1.3 ((&*Bj **O.625)/(A.3)**0.253
R= L/ D
GO TO 100

33 IF (SCFL.EQ .0) GC TO 40
WRITE(66)

C EL DZI (D5)
WRITE16, 60)
CALL imEADR (L. 5)
GO TO 50

40 WRITEI6 07
CALL rELDR (5)/.0
CAL' BEADR(5

50 AREA=3. 14* jDi*24D
100 WKI (1 =I;E0

WKI (2 =2
WKE (1 =AREA
WKE (2 =D
WKE 3 =LRE

4 60J r ORMA (I YOU HAVE SELECTED STRAIGHT DUCT. IT 'lAY BE ECUND OR FEC
*TANGULAR.'/'****FIRST QUESTION, IS THE DUCT CIRCULAR OR RECTANGULA
5 ?CR 7')601 FOE4NAT (

632 FORMAT ('THE DUCT IS RECTANGULAR, ENTER FIRST CRCSS-SECTIONAL 01.1
*EISIC N. (FEET)'

603 FORMlAT' SECO N D13ENSIDN FEETL') SCTN. FV
604 FORNAI ENTERDTHE LENGTH (, rH~s DUCT ZTC.Frp
c05 FORM TC ENTER IHE RECTANGOAB DUCT 0INENSIONS. FET)'

F ' FO T: FIRST DIIENSION SA 12LE: 10 '
SECCND DIMENSION 8.35

+ LENGTH 18.5'
636 ?0OS MA T THE EUCT IS CIRCULAR, ENTER THE DIAMHT (FEE: ))
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607 FO FMA IA ENTER TkHEDIESIOVS (FZ)CF :HE CIRCULAR DUCT.. I/
IORMAT: CIAMETR S AMPL Z: 5. 65

4'LENGTH 20')
608 FO R.1AI (I YOU MOST ZERA LETTER INI THE BRACKET S.

EN D
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C********.sse*se *sss*Stt*t*****.*t

C RF.ASRA HA.4r!O( PAGE 33.33, TABLE 3-- , FITTING 3-1 CC cusRVE FI: 7 0 TEE TABULATZD DATA C
C SHORT FITTING, FRICTION LOSSES sOT 11CLUDED, CCNNECIN'G DUCTS C

SUZROtTINE ?1T034SGFL ,Gzcl.KIAKRl)KR-AL R 3 THETA6KTHTA ,C,ARzl,C RT:. JK

CALL ElDRR 1,5)
W BITE(6 oO 2CA:L BE OR(.HETA,5)
AREA .0.7354*D*2
Kl:AETA=Q. 0306*TRTA**0 1 7825
CiRI I=0. 029-46*EXP (2. 5t27* (1. 57 138-(R/D)) +0. 11746
Z= KTH -T&*C PRIA E

W KI (2 =3
WKS 1) =AREA
WKR (2 =,).

WKS3 =C
630 FCaf4NRWEYJ AV SELECTED A SllOOTH RADIUS RGUND CROSS-iECTION' /

E' EST.'/ *FIRST QUESTION, WiAI IS THE CRGSS-SECTICN DIANETEll

601 +FoR4AT Q ENZR THE RIDIJS OF THE TURN OF THE ErLBCW SEASURED TO'/
*'THE CENTERLINE ;~F THE 3OCT.'

632 F-CiBMA -(I LAST QUESTICS, ENTE HE ANGLE OF THE ELBOW TURN. (DEGR

+EN

0
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C FITTING 04: ELEOW, SEGMENTED ROUND RCSSSCTION 90 DEGREE CZn. s*s.s s*.*ss. ss=,,i, s**= ss =.=**ss .ssaesss * a.sasnsass ==,$*ssssases..sssasC.. =

C REF. ASHEAE HANDBOOK PAGE 33 33 TABLE 5-3 FITTING 3-2 C
C CURVE FIT TO THE TABU!ATEJ DATA FR EACH N3ME OF SEGJENTS. C
C THIS TS A SHORT FITTING, FRICTION LOSSES NOT INCLUDED, MEASURE C
C CCNNECT.ING DUCTS TO THE CENTER OF TH-S FITTING. C

SU3ROUTINE FIT04(SORL,GEO,Kd)
REAL D R WKE
TNTEGER ORL GECM 'KI N1,1
DIMENSICN WKf (2), AKE (j

5 WRITE6 600~~CALL ED d5)IAL .. R.(N.GT. 5)) GO To 5

WR_.E16, 601)
CALL zEAORID,5)URITE (6.6O:
CALL ILD5)

AREA . 0.785 .6*
S=N-2
GO TO 0 20,3)m

10 C=.0 (3. 94*(0.00282-R/D))+0.32829
GO TO 406 20 C=I.3428*EXP (2.4861*(-0. 02393-R/D)) 0.22798
GO TO 40

30 C=1.3456EXP(1.74313* (0.01219-R/D))+0.15776
40 CONTINUE

WKI 1=GEON
KI (2) =4

WKE (1) =AREA
WKP 2) =0.0
WKE (3) =C
WKR 44 =REA600 FOE AT(' IOU SATE SELECTED A SEGEENTED R3UD CROSS-SECTION 90 DEG
ANE ELBW.T/ *FIRST QUESTICN, HOW MANY SEGMENTS, INCLUDE ENTRYANZ EXIT? (3,4 .OR 5) L,'

601 FORMAT(' ENTER THE CkOSS-SECTIONAL DIAMETER.')
602 FORMAT(' LAST ;UESTION, WHAT IS THE RADIUS OF THE TURu OF THE ELB

tOW,'' MEASUREL TO THE CENTERLINE OF THE DUCT?')
BE TUN
END
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c 13:I~G 05 %L,;i YTSPZ z::hRCCSSCI~w*.~***.*.*.******Ss**
C F." ASHP.AE HAltB0OK, PA,3T 33.33, TIBLE S-3. Fl:TT:NG 3-3C
C ClFV:: FIT TO DATA. C
C THIS :S A SHORT FlI G. CO:;NEC-ZNG DUCTS SHOUL:Z 87 MEASURED c
c :oTH ENE CT !HlS rn:::;.

SUBSCJ-1NE F1T05 (S02LG:0O4,KI,iK.R)
hE-AL ' HE-4 CP~I.lERm.
!NTECE SOALMCI E;Ai aNS Y3,

DATA YZS/'Y@/,NC/'N

CA- F ~DR ( HE:A, 5)
K= 1. 3

10 wR I : Z ~6 ,6 322

o03 I-1 R3-12L ASS
12~~ E.YS.f.(4S. ,..C) ) 30 TO 20

* WRITE J6,604)
GOCTO 0

2) CONTINUE
ZF AMS. Q.YE K=. 2 7

C R4 EY3.S74E *T "'E T.-1 .78 52) ~K
AR -A= . 854*D;*

WK (2) =5
WKS 1 =2 H

WK 3) 2CPI0 !W KP 14=AE
b3) FCRIA .4 YOU HAVE. 3SELCTE-D A 1:TERED ROUND ZLBCJ.' A+ ~ ~ ~ ~ ~ ~ i 7'Is:r ET3N HA 3 E cnOSS-SE:T1cNAL l A ETE?)
601 *FZ0SAT C' Sil 1S THZ AdG~z OF I:' ETLBOW :ThFN?')
63 2 FOR AI ' LAS: 8U5TO ~ p N:2BO ONCENTRIC VANES/

* ' -SALD: !OZESSA: AND TURBULAk4CE (YIN)*?')
603 FOEMAI (Al)
004 FGRIAI(' *IOU 3US-3 ENTER & LETTTR 14 THE BRACKETS.')

FEDR
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*C ?-:ING )6: ELEC*W .IT!EE RECTANGULA. CROSS-SECTICN C
C !!!*. .~HAF HAILBOOK PAGE 33.3TBL - FIT'G - .N C
C THE iAND3OOK OF HYDR&I RESIST.NCE, !_DL' HIK. C
C CUEVE ZITS TO TEE D;.TA. THIS -S A SHOR.T FITTING, 3EASUJPE DUCT C
C CCNNECT.ED TO IT TO THE CENTER OF THIS TI:TING. C

SJEOUTINF FITOE (SORL ,GEC31;Kl WKa)
REAL 1H 4 THETA .. API IE,:EEHWP
INTEGE ORL WMC WKrI
DIM;1NSl~iD K2).R()
4 R:iTEJ6, 6 03J

CALL rEAORIH5)
iiRIT-TA6 ,60)
CALL . HDR W, 5)

10 WRITE16 60 2 5CALL FEADR (THETIA 5
IF; (HFEIA.Z..90.5) 30 TO 20
4RTE(6 603)
GO TO

21J RAr=tHETA*3. 146/1aO.0
DH=2.0*H') H~ 73-i +.71

C1=0 '3)97*PXP (0.38896*(1. 394.i/'4)) +0.733
A= 1.21. J38Y*4 (1.5708-RAD) /1. 34 )*l 233

W.K =GEOM

Wki (1 =AREA
WKR (2 =:)H
WKR 3 =CPRi!IE
WK, 4 =AREA -AGLRCOSSCIN603 FOBIAIJ YO AVE SELECTED A .11TE~wD REZAGLRCOSSCIN

L3W "IS UI:ON ifA zZ3 Z~ 4H E:GHT OF HEELBOW?'/
ITHE DI~l!NSI N PARALLEL TO THE TURN AXIS) '

601 FCPMAT WHAT IS THE WIDTH OF THE ELBOIR Z5055-SEC ION?'/
+ JHE DIIENSION IN THE PLANE OF THE TURN) ')

602 FG P.MAT ~' SLAST QUESTION, WHAT 1S THE ANGLE OF THE ELBOW TURN (0-
603 DETAI "168 TURN ANGLE MUST NiOT BE GREATER THAN 90 DEGREES.')

0



C FITTING 37: ELBOW SOOTH RADI3S RECTANGULAR WITHOUT VANES C

C REF. ASHRAE HANDBOOK, PAGE 33.31 TABLE 3-3 ?ITTING 3-5 C
C USES TW) DI3ENSIONAL TABLE TO PR6VIDE COEFFiCIENT. CALL TABLE C
C SJBROUTINE k :ABLE LCOKUP AND INTERPOLATON SUBRCUIINE. C
C dOET FITTING, MEASURE CONNECTING DUCTS rD THE CENTER OF FITTING c

SUBROUTINE F1T07 (SORL,GEOM,WKI,KR)
REAL WKRH " XR ,HETA,T X7 KTHETA, C,CPRIN E,DH,AREAINTEGER KI OAi,GEO5,AOJT~~~~DIMENSION WKIA2),NKR( T6), 2

C TABLE :S LISTE AS FOLL.WW, Jdhk CF X'S, NUMBER OF Y'S, THE X'S
DATA T/ 9.00,5.03, 0.25,0.50,0.75,1.0JI. 0,2.00,3.00,4.30,5.03,

C THE 5,5+ 0.50 0 75 1 30 1.502.00,
C THE TAELE INCREASING 10 TO HE 3GHT INCREASING Y DOWN

+ 1.30,1.30,1.20,1.23,1.10,1.10,3. 96,0.92,3.89,
+ 0.57,0.52,3.,8,.44,3.40,0.39,0.39,0.40,0.2,
+ 0.27,0.25,0.23,3.21,3. 19,. 18,3. 18,0.19,0.20,," 3. 22,0.20,0. 19,0. 17,3. 15,3.1I4,3.lu, O. 15,0.16,
+ 3.20,0.18,0.16,0.15,3.14,0.13,0.13,0.14,3.14/
WRITE (6,600)

10 WRITE (6,601)
CALL EEA05(R,5)
WRITE (6,602
CALL READ LW,5)
WRITE 16 603
CALL ~EA0R (5)
WRITE (6,604)
CAL: EADR (6HETA,5)
X1 1 = H/WX (2 = R/W
CAL. TABLE (T,X,XOUT C)

* F(XOU.T.0) GC TO 10• WR z (6, 605)
GO TO 15

23 KTHETA=0.306'THETA**0.7825
DH=2.3 jH' J)/(H+w)
CPRI.E=C* KTHET A
AR EA= 9*W
WKI (1) =GEOM
SK (2)=7
K (1) =AR-A
KR (2)=0H

WKR (3 =CP RIE
R KB 4=/

bOO FORIA.(' YOU HAVE SELECTED A SMOOTH RADIUS RECTANGULAR ELBCW WITH
OO0T VAN ES. ')

631 FOFMAT4' -FIRST QUESTION 4HA' IS THE HEIGHT OF THE ELBOW?
r6 S.HE CROSS-SEC:IONAL 5:1ENSION PARALLEL TO THE TURN AXIs')
6 OrA.' WHAT IS THE WIDTH OF THE ELBOW 4THE CROSS-SSCTIOAL'/
'I ZIMENSION IN THE PLANE OF !HE TURN).'

603 FORMAT' WHAT IS THE RADIUS OF THE ELBOa, EASURED TO THE CENTRl
OF THE ELBOW CROSS-SECTION?')

604 FORMAT(' LAST QUESTION, WHAT IS THE ANGLE OF THE TURN (0-90 DGR4. 2 SL? '})
65 FE AT(' CROSS-SECT.ON EXTRM ELL NARROW, RE-ENTER BETTER DATA.')

END

0
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CC

C REF. ASHRAE HkNLBOOK( PAGE 33.32 &33.33, TABLE B-3, FITTING 3-7 C
C USES !:kBLE INI P0ULIC,1SHM

C TFISHIS AITTING TO :TING, ESU CONNECTING DUCT TO THE CENTER C
C*** OFT: ITN ONLDE FRICTION. C

SSROz!CUT:IIE FITC08 (SOllLGEO~ilKAK3LCaE ******

REAL WKR H li R lHETA KTHET. ARE , XC&~ T,2T
INTEGER W 4,iCUT s6R- EO '172T
DIMENSION WkY(2),Wk (4X(2),T1 (103) ,T2(130),TJ(100),oT2

,zONE SE-LITTERXOT2
DATA T/S.30, 10.30 0.25,3.53,1.33,l.S0,2.30,3.30O,4.0O,5.30,

+ 0.52,3.40,0.43,J.'49,0.55,3.6o, 0.75,3.84,+ 3.36, 3.27,J.25,3.28,3..30,3.35, 3.39,0.42,
+ 0.28,3J.21,0. 18,3.19,3.20,J.22,O.25,C.2b,
+ 0.22,?.16,3.14,3.14,315is a16,0. 17,0.18,

+ 3~~~.15,3.113,0.119,3.1O1,.2O1,.
+ .531103,.39,0.39,3.39,0.13,3.10,

* 3~.13,J.39,3.08,3.3,3.7,J.09,30,.8
+ J:.11,3.08,0.07,3.06,3.06,J.36 3.3)6,0.37,

*+ O . ,j.37,3.306 a 05 0.05 3.35,0.35,3.35,
+ 0.39,3.36,0.05,3.53.43.40.43.5

C C SELITTERS
DATA TZ/8.30,10.30 0.25,0.50,1.30,1.50,2.3 0,3.00,4.30,5.33,

+ 3.33,3.37,k).36,1.35,3.06,3.J6,0.06,3.36,
+ 3.J68, 3.3, 31,33 a J30.03 a 3 0 3,
+ I.6 I.433,.333,.3 3.330.33

*3.05,J:0141)31 :3 J3,3J,.3,3:03 3:33,
+ 3.35,). 33, )33,)32 1 02 1 02 0 J2,3.3a-

004133 3,33 0.2,0.32,3.32,J3 032
C THREE SPLITTERS

DATA :3/8 . 33,10.30 0 25 3.50,1.33,1.50,2.J0,3.00,4.00,5.30,

+ 0.C7,3.35,3. 36,3.J6,J.Jb,J.37, 3.37,0.38,

+ 3.33,3.33,0.33,3. 33,3.33,3.31 33.03,@1 * 3~~~.03 0 32 3 02 1 32 3.J2,~3,32,.2
* 3.03,3.32,0.32,l3.32,3.32,3.31, 3.31,3.31,

+ 0.02,3.02,3.31l,3.31,3.01,3.31,3.31,3.31,
+ 032013.31,0.01,J.01,J.31,.131331
+ a.31, a.3 031,33. 1 ,. 31,3.3 a 1.1/

C RIT-(6 600
HCW m at SPoLITTrERS ???

10 URITEl601CALL. E D 5)
* aRF41.' 6131 .3. R. ) GO TO 13

CALL EEAD 5)

CALL EI36(,5
WR ITE (6 60 4kCALL v~E DR IN 5
WRI7- '60
CALL O (HE-A r)
KTI9ETAzo.3 306*T'TA**0.7825

GO TO (23,30,40),N

69



.C 7V4 71 1 . 7R-

23 CALL TABLE (TI ,X, XOUT ,CPRINMEJ
X0 TO 53

30 CALL T ABLE (T2,X,XOUT,CPiIfE)
.30 TO 53

140 CALL '2B3LE (TJ.X,XOUT,CRIIE)
50 cO NTIN UE

IF4c-g 1. G T .0) .OR . (XC UT(2). 3) Go T0 6 3

GO TO 15
63 C=CPRP'IE'KT.HETA

WKI ( =0O4HZ 2) =9
WKR 2 3.

ELO (1

+ t ).HAT 1S THE HEIGH" OF THE ELBOW?'/*'C-HE CROSS-SEOTIONAL DZINENSION PARALLEL TC THE TURN AXISt')
63FOENAT (' WHAT IS THE WIDTH OF 73E ELBOW 4 T HE CROSS-SECTIONA.L/

* 6 E4SION IN THE PLANE OF THE TUiN) .'EkUDT604 FOBNAT(' 4HAT IS !HE RADIUS OF THE ELBOE ASRDT THE CENTE-R'
+*/' OF THE ELBOWi ZROSS-SEC-.I0N?')

o05 FRAT( LAST. Q'UESTION, UKAT ZS THE ANGLE OF T-HE TURN (0-90 DEGE
v. FR At) CRS-SECTION EXTrEENEL! NARROW, RE-ENTER BETTE7R D^ATA.

END

07



C F~T:TNG 09: EL20W AITZIEO iLECAN.G0L-AR WITH VANES C
C Rw7. ASHRAE HANEBOOK, PAG~E 33.32 TABLE 3-3 F----NG 3-9
C Gli-ES C3EFFICIENT AS A FUNCTION SF NUNEER O ' VANES C
C SHCRT FITTING, ZYNAMIC LOSSES JNLY. 1-EASJRE CCNNZCTI-N- LUClS C
C TO THE E:NTZR OF !HIS FITTING TO ZIJCLaDE FRICTION. C

SUBBOUTISE FITOS (SORL,GEOM,4KI,NiKF)
REAL' WKR C AREA
HNTEGER OHE GECM 'NKIN
OhY.ENSION 4Kf(2),4KR('4)
WRITE16 ,600)CALL ZiEI(N
GO TO (10 203U),

10 C=O.12
GO TO 43

20 C=0.15
go TO 140

30 C=0.18
43 CONTINUE

WRITEA (6601)
CALL -ED(AREA5

* WKI (1) EO,4 ,5
WKI (2) =9
WKi (1 =AREA
VKR (2) =0.0
WKE (31 C
'AKR 4 Q)mARE&

630 FOR.A ,' You HAVE SELECTED A 3ITERED RECTANGULAR ELBO0W WITH'/
*' SINGLE THI: KNESS VANES. THERE lAY BE 1 20OF3 VANES.'/

****F':SS QUESTION 41HOW MANY VAN ES 01 2 :A 3t~7
621 PORIIAT (I LAST QUES-I ON, WHAr 1S THE C' O§S-SECT ONAL AREA OF THE E

+L3 Ci ?')
B!T:IR
ENO

7'



C ~I:::.G 10: -LFO aETjlA I O~SS~ RZE NG FLOW C

C RD'.ASRAEHABIZKPAGE 33.32, T;ARL E -*3, IT.IG31 C
C TA=L! INTERPOLATION C
C SHiCETvFITTENG. DYNAMIC LOSSES ONY M.EASURPE CCNNEC::HG DUCT TO C
C ::zc-NrER OF THIS FITTIN T10 INiC-DE FRIZ:ION. C

SUBROUTINE ?!-.10 (SOFKL,3o WKO I WKFRELGR CAREA DH X CP'RIIEW0,nJ1, d

* DAIA 6.00,'&.f v.3'.8 10 'L20

+ 1 70 1 40: 1:33O0.9511J.90,0.814
# 1.50,1.10,3.i1,-).76, )372 0. 66:
+RT 660 1.50, 1.Q,G.69,3.o3, 0.60,0.55/

10 WRITS (6, 6 00
CALL .EADR(H 0,5)
wa:TE(6 -02)
CALL RE DR 0,5I)
WRIT!46 6

0CALL hE 6 o (4k1, 5)

C . 'ABLZ(Tjtx~xOOT CPRINE)(2GT.)I OUTg 1 ...13) .Gi. (XG U-1).T. GO TO 20

GO TO 6
23 :mi=2OuHO *b0) (I0.W0

AKI (1 =; EON
WKI (2=10
WKE (1 DHE
W KR 32 = DH I

WK 14 1 W 10 40
600 FOR .(' IOU HIVE SELECTED A 90 DEGREE RE'TANGULAR ZL307 WI:H'/+' EIfA.ER CONVERGINIG OR DIVERGING FLCU. T. E HEIGHT DMNIN-

+' PARALLEL TO THE 'URN AXIS) SHOULD REMAIN CCNsTAANTIS~
6al FOF MAT(C **?IRS: QUEST ION, ),HAT IS THE CROSS-SEcTICHA 1.ISLET HEIG

*HT?')
602 FORM AT'Z WHAT IS THE CRCSS-SECTIONAL OUTLET HEIGHT (DIMENSION IN

+THE; OF TEE TURf ))6J3 FORMAT ( IASTS~aESTION, WHAT IS:HE CROSS-SECT:ONAL EXZT WIDTH?$)604 FOSMAT( CROSS-SECTION IXTitJELY NARROW, RE-ENTER2 BETTEE DATA.')

0-:G.
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C ' !.:N 11: ELEOWS 90 DEGREE SEC7ANGULIR IN '-SHAED CCNFIG. C

C BEE. ASHRAE HANEBOOK PA3E 33.32, TABLE 8-3, FITTT:G 3-11 c
C C
C C

SUB!ROUTINE FI~lh (SORL,GEOLI WKI 4K2)
HEAL WKI C ARE A OH L V 'H CHAZMEI4,Y,K

.-I 3E N10N WKf (2) ,KR (4)
WRITE 16 60
CALakRJ,5

WRITE 16 60 .)

CALL .E DB(L,5)
XzL/H

Ijj(.G 0;AND(X. LT.2.8)) GO TO 10
GO TO 20

* 10 C=z 4 O.505e)-5.21 052) *1.9.1399) *1-2.169) *X.0.054S

K=0. 670&6'EXP (-0.3558*Y)*0. 67

WKI ( 1 G M
UKI (2 11
WKR (1)AnREA
WKE (2) .01
WKR (3) =CPRII1E

600 FOBA( YOU HAVE SELECTED A SEBE 90 DEGREE RECTANGULAR ELBOWI'/
S* ET f (, A Z-SHAPED CONFIGUBIATIJN.'/' ** Ii ES IN TI*TH! HEIGHT 3? '!HE ELBOW CHOSS-S-CTIO? (DI EbSIO bE THlE PLA

+N_ or THE TURN) 'EEBWZOSSCINl601 F6 i3A T ( I WHAT I THE WIDTH OFTHELO RS-SCI ?/
*'(11THE D13ENSION PARALLEL TO NHE TURN AXIS)' j

602 P08H LAST jEiUSIZON N~iAA IS THZ LENGTH BETWEEN CENTERLINES'/
+1 or OF.H TZE RANCE 0N "Z" EllIT?4)

IE2tYRN
END
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C 'ITTING 12: EOWS 3 DEGaEE I 1--1 DFRNT ;-INES C
C It' ASHRAE HA 30OOK PAGE 33.3,:BE33 ITG31
C CzOpVE FIT -.0 THE TAB6LAIED DAT.'A C

-. C C
C

Si UOTIN IT12 (jSOR1,GEONI WKIIWB
R7AL 4K! C AREA, CH I ;. ~ EX,,
iii-TzGEu Lou HL C, 4Ki
EI!ESSION ;Kf (2) dKRa(4)
WITiE (660)
C aLL REAOR H , 5

CALL HELORIW,5
WRITE A 602L5CALL IEDR( 5
X= L/Hi
Y= /H

IF 1 3 .O0) .A1 D :11: .LT-.1:.J) GO TO 10
I - (X:51:1.4) .ALD. (XLT.2.3)j GO TO 20
IF (X.GE.2.) .AND. (I.LT.4.0) GO To 30
C=3.S-0. 1O*X
GO3 TO '43

10 C=((1 793'43*X)-5.47366).1e3.5957) 'X*2.298W6) *X.1.20

20 .C(41.i4 166*() -5. 357 13) *X*8.6O1 18)-*X-1 .0057

* 30 C= 4  3983.X)-0.2'4679.X.1.154425)*X.1.7o2965

K=O. 4i7O4EXP (-0.355,3y) .0.67

DH-2 O*(H* W)/ (H
AP.-A H*V HU

F KI (: =12

WKR 2) . H
WKE 3 =CPRIME
FKR =AE

6OO FOSR A ' !YOU HAVE SELECTED A SET CF 90 DEGREE REC:INGULIE ELBOWS
*IN DIFFERENT PLANES.'/' **FfIEST, ETOt WHAT IS -,HE HEIGHT OF T
+HE ELBOW CROSS-SECT:'ON?'," (DLESIOZI- THE PLANE OF :HE TURN

601 IC MAT4? ' WHAT IS THE WIDTH 3F THE LLOW :ROSS-SEC'.ION?'/
+4 (T. DENSION PARALLE T0 THE TURN AIIS) 'I

602 FOSMIT4 LAST -3STI3 IH~ s THE LENGTH BETWEEN CENTERLIVES'/
743 CF HE Il ENTRANCE ND "3"l EXIT7?')

MUR
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07 1- -. - ~ . .

IC

C FIIJ 3 RNHSCINDvRI~ 'Zc
*C ELF :DEL-CHIK, HANLBOOK OF HyDRAJLIC 9ESISTANC!, SEC::JN SEVEN C

C PAGE.S 24 7- 2-53 C
c C
C C

SUBROUTINE PI-.13 S0RL,GEC1,iiKI,dKR) ******
REAL V#KR ALFAD A ,AB
INTvGER §ORL :;ca 4K7

fiITE(6 600
CALL MOR DR -'5
CALL ,iEDR LF,5)
WRI:!E 60D

600 3 FAD

*' FIP ITING COOIN THI SBk~HUD.' BACIG/F HE

+fAXIS AND THE BAC LWAI

*'JUST UPSTIREA1 0! THE PRANCH.'
FOR~A( LAST QETOWA

+&ANCH?'

END
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C F::T:nG 14&: IAIN SEC7ICN DIVJERGING WY c
C R? .. IDEL-CHIK, HANDBOOK OF YDRA-LIC RESISTANCE, SECTICN SEVEN C

*C PACGzs 2-67-253
C c
C 

REAL KR ALI
:NITGER CBL GECAI4KI

CIENSIONI ;Kf (2) , KR (4)

;ii, , a0 0

CAL ELi ,4N5
WKI I11

~7KR 2) =0.0

o0 FO A.(I YOU HAVE SELECTED TH: A:i SECT:ON OF A CIVER.33 4YE./+ HEi ADIR TO THE ENGINE SHOULD BE rLRIEG THRCGH THIS SECION. /
*1 JUST CZ4EJ2UESTION WHAT IS THE CROSS-S!ECT:ONAL AREA OF THE I/+C MAIN SEC. ON? THf S SHOUL BE THE larl jas: 0OWSTREAS 01 .HE'/
+1 JUNCTION AND 01IECTS FLOt TO THE-ENGINE. IT ALSC SHOULD 3i-/$ T THE FIRST PITTING C? THE BRANCH.')
RETURN

76
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CaO***a* ****** ***** *a****S**S***W s** *cs*

C REF. IDEiCHIK, HANDBOOK Of HYDRAULIC RESISTaNCZ, SECTICCN SZVzEN c
C PAGES 2'16-25.3c
C C

C.****S**.**.asu*.********* 
*S***S*eeg*..cSa .UNEv FIT1! OS0LJEO3,WKI,4KR)

REAL WKB ALFA A C,a
INTEGER §c-~ ;C KI
D.-3ENSION WK (2) , KR (4)
WRITZ 6 600
CAli: APZJfikLPAC, 5)

CALL (IC ,5)
CAIL .iflBB5)

IKI I~ x*0O
WKI (211I
W.B (1 =AC

WKB (3) ALFIC
W KR 4a AB600 FCR A (' YOU HAVE S!L!CTI-D TH! BRANCH SEZOTION OF A CONVIRGEN7

W. Y!E TdE HOT 303aLE CCOLING AIR SHOULD BE JOINING THE IA:'l/
4.ENGINE THAUST :1 T4:5 WYE. THIS FI:T:G SHOULD 3E :H? LAST'/'
4.FlIING IN THE' BRANCH.#/
4.**FI2ST AiUEST:ON fiWHAT IS TRZ ANGLE 3EBEEZN THE IAI4 'FLOW '

4' AXIS AD THE 3 NCd AX15 A3GREES)?7
aD FRHA4' WHAT ZS THE CRO0SSE. A 'IE OF THE CC5BI4ED FLOW'/

4'SEC :ON? THIS :S WHER7 ENGINE7 !XHAJST AND 300'JLZ ZOCLING ATE.'
4'FLOW JUST OCINSM3A! Of :JZBRANC3.'O

602 FORMA74 1 LAST UZS::ON, WHA; :5 :Hz C~S-E~ LasEk CF -,HE'/

SZTUSN
TN z
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C F:IIG 16: .AIN SECI ONCNVLa.: G~ C

c Z . ZDEL'CHIK, HANDSOOK OF HYDRIUJL:C RESIS7A4CZ, STCT:CN SEVENZ
C PAGES 2'i7-25.3 C
C C
C C

SUBFOUTINE FIT 16 (SORLGFi,'KI, i4KR)
REAL WKRLA.1
INTE7GvR 503,L CM,WKI
ZlIESON WKf(..),.Kfi(4)

* CALL iElDRCAM,S5)

NKR ( &) S

63 K FEA%. (I YOU HAVE SELECTED THE 3AIN SECTION OF A CCNVEPGING'/+0 Y . T3EZ ENGINE EXHAUST ALOI! SHOULZD BE FLCWING THROUGH '+1 THIS SECTION. IT SHOULD BE THE LAST FITNG CF THE BRANCH./
* +' **JUJST ONE fUESTION. WHAI :S ZHE CROSS-SEC:IoNAL AREA OF THE'/
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C F:TTING 17: CONCIAL DIF iiS7R c

C REP. :3-L'CHIK, HANDBOOK OF HiD3AULZ-C aZS-S- ANCE, SZC:I:ON F:vZ, C
C PAGE 167 C
C C
C

SUBROUTINE FIT17(SORL GEON,WKI KR)
REAL WKS L D0 21K 3 o1
ZiTEGER 5E8f1 iCLiiINlzl

WRITE 6 600)4 CALLdo z L,5)10 TE6 60

12 - 10 ( 90 LNO-1~4 ERR-14) ANS
.; (IMs. E;.ES).6a. ( ANS. EQ. IO0) 30 TO 16

14 1 WIN D
qWRITE J6,608)

16 CCNTINUE
Ki1s 1. 0
.Ir(ANS !Q.YES) R51o.8
10=0. 7854SDO**2
kA=0.7854*01**2
IF (Al.GT.AO) GC TO 20
WB ITZ(6 605)
GO TO 15

23 THETA=2 0*ATAN lDl-O) 4 Pi *L))
IF TRETLT.O. 44) 3

22 WR TE g6,6O6L
RZA0(5.04,.BR=4 EN:24) ASS
IF(A NS.E .YES).6R. ( NS.Z.d)) GO TO 26

24 2EWINDa

GO T0 2
26 CCONTINUE

K2.1.*0
IUF ZAI.QtIES) K2-0.65

30 IF THTL.3.37) GO TO (40
CE W .3l4(TEA*-1.2) *(1.3-A0/A1)**2
GO TO 60

GO TO 60
53 CrX?=l (((3.006 1*'HETA) -0. 0139) *T:1EM-0.092 93) *TtETA+1. Z6231.

63 CCNII.GE
WR:TE,76, 607
CFEF1 1. (A0/A) *2)/ (. JSIN(ET/.)
WKI (1) : 701
WK: (2) 17
WKS (1 AQ
VKP (2) s:BpRI*K2
W KS (31 *CZZP*K1*K2

603 Fc~.lk( Y'OU 4I)VE SELECTD A COMICAL DIFFUSE? 4=1H C:IECDLAB '
+ INLET AND OUTLEf SEC::DNS. VI
+ ' *FIaLST ;UEsT:ONA "A: 15 THE LZN:GTH OF -.HE D):FDSZ3?')

501 FORM 9 (' "HA :3 lH3 INLZI31~7TR
602 FOBflti ('9HIT IS T.HZ 00TLET DiA.ifTER7 L~
603 POBEAT 15 IS T3RE A NON-UNIFOR.1 VELOC:.Y DISTE,:3UT,:ON AT THE NMLZ

+T CT/N)?')
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oJ5 HEM .(':?A AREA :s. -NC: 3FE7a:!TR THAN UPS:R!~ AR-A.' /
F ITTNG :3 NOT a DIFTJ3SES. DI5-Z:N7R

606 F-3 M A: SIYCS THZE :S A 41E0iE?; :H3~ Pi Z
+ 2 S ITs:AH:JN 1 F :171 : NG'74 WA:.5 )R BA f CAN ?i ,+ :H3E asSiIzCF :HIS F0N5 Yo yCJ s~ :c 7 N:

Di' IVING ";:.. OR 3AFF-73 'Y/N)?'
607 FOFMA:( NO l~i U Z3-s: ZNs S li. INO.'
00 FC F.1 A( YOU3U1~57 ENEBT A LE::Za- :N THE BrAC.KFTS.')

E 4



* ~~TNG18: PLAN~E INLNE fIFUS.:, C

c F. IDEL.'CH:.K, 4AND3COK G? 5YDRAJLZ RES:37ANCE, 3--C::0.4 FIVE, C
C PAC.-Z 171c
C

R=AL 'iKR L HJ 401.1iK2 A6 all "H-A,CE1P, cFRPR:

CA LL rEAD)Rjt5

12 CALL RZADR Hk ,5)

;RITE 6 a09

A R7 16,09

16 CCN o36)

:T(ANS 073S ANS6

WRI( o66)

'oG C Ito

R(ANZ.0.05 ES)= ER20.65 hN
YE).R (Ai A.Q:.0.7G GO 26 4

0GO TO3

43 1 TSA. .YES) K203 6 50
CN2 10 (3 54* TETA1.) - 1. J*HOA ) **21)*!AC413

5. 0 6D

C P= J~N .3637*HLA)-0.371)EH T +3 1 ) H - 1J
+ ARPE 13A Al**.5.2

*~~~~O 0 0 6 1 :THET A).'.-()A)*2)
50 I (1 A /A *

WKI (2) 18

WKR (3) -CEXP*K1*L2

633 FOR A Q' YOU HAVE SELTCTZD A ?LAN~E 1NL:Nr DIFFS"JSR ;i1Tq ?4vH'
+ , ' I.NENSIGN CNSIANT -,4RJGdCU7 A.ND EEC:ANiG:LAR :NLE:

* '*.~~s ~Jsuo, HI: 1s :HE~ LE.4 zZF -F :!i-- Dt?FuSza?)



6)1 FZ:R?4ATi(I WHAT ZS THE ZNSTA.1T OFGH THE NTAND GOQLET *
I CROSS-SECTIONAL AREA'

ir "'F 2 F2?) A H' IAT ZS THE WFI)TH :'? ILET T:RCSS-S3cTCN'AL AREA?''
6J FCGl (I WAT IS THE- ;IDTH -' T IE GUTLI-T TSOSE-EECTIONSAL AREA?'t

0O. FORIA: T( 5I T2ERE a NCO-UNIFO.RA ELfTYDSTN:UTICN AT THE N

b35 ?G iALAI
o36 FR~iT DOWNSTPEA.4 AREA IS NOT SESZATES THAN UPSTRPEA, EE.'

* 'FITTIG IS NOT A JIFFJSES. RE-ENTER_ 1AA'
6)7 FC RM-ATI SINCE THEE! IS A WIDE ):IoERGiG-AN3LE . EPRPE'

+ 'INSTAULATON4S OF III1DING WAZ.LS 06i 8AYFLE CAN REDDCE' /
+ THE RESISTANCE CF lAI1R FITTING3. DO YOU WANT To INSTALL'

* 'DIVIDING ;LAZS. OR SAULZS TsY/N)?
6)33 F--5AT(' JOU ICE 'JE STI:ONS NSSN.C6J9 F6 .AZ yo YOU Ys'ENR A LZEI-TR ZN THE 31ACKES.')

FPv-UR N
EN

S3



R7F. ZDELICHIK, HIJOB00K OF d{YJPAULIC iSITIANCE, SECTICS FIVE,
C PIGE 169 c
C
C

5."RSOUTINE F11(SORL Z;EC ., KR K)
R3AL WK HO H ii K2 As AiALFA,8ETATHETA.CEXP,CFiP5I
INIE ER 58,S4k41SYES,'

)ATIA YES/' Y/, NO,-- I

10 WRT (6 6

CALL FA~fl 05)
WRIE (J6 603
CAL: SHiOR()1*5

WRIT Sr 6, 60)
CALL t-EADRIL1 *5)

12 RRITE e6 ~
Za ;YE- Q.Ru1IN GO MO 16

;C R 'E6,610)
16 C '!'0 12

Ki z1.
:F (A4S EQ. YES) K1=6.3

10 W * 40
Al I *H 1
174A1 'GZ'. AO) 'C TO 20£ ~ (b 07)

23 AL. A=2.3AL I (wI-W/( :.0L
53! 23-ATN lmpi-f)/ .aL)

AVX(AL ZA,B=-1
II 9k.LT3.524) 0 10 30

22 :FI ~( 6 0 8L
I i E 5). O. ( NS.SQ- 00 G TO 26

* WRITE 46,610)

26 CCNT:NOE

111c -.Q.YES) 92-0.65
..0 UAG:.O3.44 50 TO 40

1o8 18*(THE * a. 2) a1 . )-A /11) -2

:F 19T-T.GT. I.C!-) GO T0 50
(3359 r~:k)-9.7924) ~:1T..4559) OT:1! A- 1. 922))

30 ZXP=1.1a (1.3.-AO/A1)**2

CFiP31= (1.J- (OA)a ) 8 aI1T-EA2
WRITE (6 A 6 0 9 )
W K 1 2 1EOM

MKS (2) FR=19 *9

WKR 3sCEX2OKlsK2

05603 ?CF! A'(' FTO3 HAVE SEL7C1Z3 A PYRAMIDAL :NLZNE RECTANGU3LAR DIFF3.SE

33



601 F M A: (' , 7HA' IS :HE 3M ALLSR 1. 'is I CN DE 7HE :N IET A REXI?
WK A. :S~ -' HdA Es :..R .AEz':)'iZ ~ S ON F 4i Z NL!-'

t)) :O2FMAT ;'HA- is THE )EMESzO~l F T:1- cu:1-T A27-A PPL
-,O -i :.'AL-7 N AREA : :T jS~CN? 1

004 FOEA: ' HA: :s q:i JIY.sC- ---: 3J AA RALE/
* :o : A?3 ER I'4LZ- AZA - ErNS N~~J'

oOS3 FOZMA: 2': EF A NCN-JNzORl VF. C 15 v U J ,N A: 7 7 :.4 E
+ . N?'

o36 TGc A'1
DO W 4O 4S:E -. 1 AREA IS VCOr GREAER 1AN tPS:RZArl AREA'

+ F:::ING :5 '1 O A )IFFUSER i T - D A :A .
60 +FORMIAT(: SINC :HERE :rs A i!Z~r )NR:"I Z . -H:. o~ '

* :S:LL:I~SOF ).VIJZN 1 . WAL . CP BAr.FtES CAN aEOUZZ'
+ 0 THE RZ;SISoANCtE CF :.H:3 7?TI37 '4 0 D CU WAitl :C INSTALL"/

I 02V1:N:G -;ALL!: CF. 3kAF ' Y/0609 FOPMA-j '40 IOP.E UEST:ZGS 7~s~ ~
o 1 F2R!!Zk' YOU NUST Z1TN: N HE. -' L:S ' Tn BRACKZTS.I)

aE N



*C 71ZTING 20: TEANSI:.ICNAL DIFFUSER

C REE. IDELICHIK, HAND3CCK OF dL!RA'JLic aESISTANCE, SEC-.ION FIVE,
c PAGE 17'4 c
C C
C C

SU303IE FIT20(SORL 5EOM WKI iFKR)
REAL WKR L H, i L THETn AO 11 Ai 2,CE2,CFRPRI
INTEGER~ iCAL'c I UR I NS:E§'4dS5UDIMENJSION ii2,m 4

10 7RIT3 6t 601)WRIEAD(i~,6OND; 146 E2R14) ~
:(AsE. YE.R. S. EQ. NO)) GO TO 16

R 1
WRITE 46,611)

16 CC NTI NUE
'4ITZl (6, 603)
CAL:. FEADB (L,5)

* WFITEJ6. 60%)CILL BEEN B 5H
WR IT 16 605

CAL RIR 5

IF(AY S.-Q. -IH) GO TO 30
Aj =H'
A 10. 7854*D**2
:F4a1 .. AD) GC TO 20
VR. (6 6 07)a ~ ~~~~~~GO .H T = D 0 SC r K ,. 1 16 L

30 k1=H*W
A>0O. 7854*0**2
I-lA1 *GT.AO) G0 O :0 4

Wi7(b 607)

GO 7c1

53 (11.0i l
:.EA (a.END;54 EaI=6.8 AS
A.FrHNT Z..526 GO R. 60S .N) ; O5

546 1 5 Ai61

GO TO 90

70 -9Z.EA. T. 0. 524 GO TO 60

GOM1 TO 9)
K2 =XP1.1S1OACA)*

70 (1)TEAG. 5 10 TO .0

0C

io/jkb85
GO- 09



? ( I =A-

F A YOU HAVE- SELECTEDE A TPA:4SITIJNAL DIFFUSER. IT AY BE'/
CTTOLA :C, iEAilLET OUND:cns T:t

t~l P~A(' Srps ~UETI N, S .tHIS FI:TING ROUND TO RECTANGU5LA
''/'...EO lEANS RECTANGULA3'TO ROUND) ')

tO' GRA JA )~33 r' a 4F A-1A IS THE LZENGTH OFTH DIrS2'
a)" i, I-~ 'i ; H, ISTEHE TO THE HETAN 5-ECTONA A

035 CPf!A.(' WHAT IS THE WIDTH OF T.HE RECTALNGULA-R C3RCSS-SECTIONa:L ARE
636 CAC' WHAT IS THE DIAMETERH OF THE ROUND CIR055-SECTIONAL AE:

60 C.- :: DOUNSTREA5 AREA 1S 40- GREATER THA4 THE UPSTREAA1 AREA.'

609 FORMiAT(' SINCE- THERE IS A WIDE DIVERGING ANGLE !HE PROPER'!
+ INSTALLATIONS OF DIVIDING WALLS OR BAfFLES CAN REDUCE'/
+ 'THE RESISTANCE OF THI--S FITTTNG. DO YOU WAZC TO TNST!ALL-/

I DIVIDING 'ALLS OR BAFFLES Sif/NO')
olO FOBYAT C' NO NOE JUESTIONvsTHSFTIG)611 FCFHAT(' YOU MUST ENTER A LETTER IN THEBRCE.'

86



C TAL- INER:TI ON C; .*A C
CC

C C
u -'N! FIT21(50RL 3!O116*,iKiKdR)

REAL WKR a ?1LTHErli 6 Cla,A1,i0

OATA -,/8.0,5.4)T53 42 4tJ2
+ 0.0,10.6,30.3,55.0,90.3,120.0,150.3,180.0,
+ 1.0,2.0,?6.J..,1
+ 0.03 0 ;: 0~0 3050,3:360

* .o,0.35 .. LI307:0.17 1.27,0.3510. 41,
* 0.0'a OM 004 0 07 0:18"J:28:0.36 ,).4

+ WRT J0 63. 05 ,0.05,0.08,0.19,J.29, Q.37,3..43

CAiLL 1116004. 5IF (L.LT.3. 51.L0.05
WRIT!6 601b

CALL '. EURI 0

A10. 785's 'Dls"2
lA=0. 785.4 DO*"2

CAU. :ABLZ.4 T,X,XOUT,C)

£~- TI 2 =21

' K P 2(1 ) . 0
WKk 32 =C0
4KR a )sA0

600 FORIA (1 !70 HAV! SELEC'D A ZIRCULAP -O?T.ACTIN./
**"FIRST 'IETON ddAT IS ZHZ LEN4TH CZF :HZ CCNTRACTION?')

601 FOR3AT (' HAI IS 'NE STREAM nMAE:ZE?'
6J2 FCiLA.( WHAT :S THE DONNSTriZA.I-1 E:R'

E T:BN
EN D



c ?::::NG 22: R!CT43rJ LAB;- CCTATC

C RE?. ASHRAS AA:JC3CCK, PAGE 313.34, TABLE 3-5, FITTING 5-1 C
C TABLE- INTERPOLATION4
C
Cc

* . SUEPOUTINIE P2:72, (SRL -CI WKIWKR)
REAL WKR XT-1 ,AO ElAZ0CLETTf2THa
IETGER&AOaL 3E&11 4K1 4Z5T
:IBEN SIDN WI:,iR4,,5)A2,CT2
DATA 1/80,I ~42),CU 2
+ o:o,10.6,Jo.o,55.tso0.c,12o.xls.3, 180.3,

+ 0.3,. 0 3. ,c 0;3 0 3

# 30. i,3.305, 0.04,3. 7,0 .l18,3. 2 8,0. 36,).4 2,
+ 3. J3.35,3.05,3.38,3.19,3.29,3.37,3. 43/
4RITE 16,6051
CALL iEiDRJf; 5~~

SWFITE-16 0 60 1)CALL rEADRlIki,5)

WRITE 16 602

CALLT i=11 4
4 9S 4.-lATAN Al-A3) 2C 23'

'rHE:A2=114.59I56 A: ANII3 /2 (2 L)
THETA=A~lAX1(THE7A1,T H.A 2)
AR HlAl1*51

CAL. TABLE (T, X ,XO uT,
WK: (1) E01
WKI (1[=22~~
4KB (2) =2.0
KB (3) =C

V K i 4 z=REA0
cOO FGB IA., (I IOU HAVE SELECTED A RECTANGULAR ZCNTRACTT CI.'

* I *-FIRST ggE5TION, WHAT IS rTE LENOTHf OF THECOTTIN'
601 FOENAT WHAT 13 THE LEAST UPSTRSAA ROSS-SECTION DTNENSTON7'

o02 FONATC' WHAT IS TH: GREATER JPSTREA.1 CR355S-SECTION 3INZ1NSTO .'
*6J3 FO RNATC WH AT 2, TSHE LEAS: DOWNSRE.I :s-Z C: ICS:A1:CS5 ZINlENSZ3N?'

60"4 TOF.1AT I LAST7 UQES::N 4HA IS THE GREATER ZCWNS-,TEAA'/
ECRCSS-SECTIC DIME NsiN?')
ENN

38



C C FrITING23: SCREENC

C R-F. AS4IRAE HllOBOCK~ PAGj34 TABL.- B-7 IITI'IG 7-1
C C5F'JE FIT TO TAEULITh. ;AT A, 2aSsz ON 50C: ?LRZAA40 SCREEN C

c FREE FLOW AREA. c
C C

SUBROUTINE 71-.23 (SORL,GEC1,dKl.1KR)
REAL *KR DUJCT& SCrilig~
I37EGEP §021, 1Cl,iKI.
0I!ENSION Z,;lR4

CALL EEADE (UC,5
WRITE 6 60 CiCALL A03 CRNA 5

C~j 9.9021*N)-92.445)eN.32.O66)*N-1.9557)*i+0.025
WK 2G EQ

W 2) =23
UKE( DUC:1
I Ka 2) 20.0
WKS 3) C
WKE 14 )=DUCTA

600 FOR A4' ,YOU HAVE SELECTED A SCREEN CBSTRUCT:ON IN THE DUCT.'
* ' *FIBT ~US. INWHAT :s :HT DUCT ZR053-SEC:IONAL ARE?

601 FORIIAT(' LAST UZMTCN, WHAT IS THE FREE FLOW AREA OF,IHE SCREEN7?

* E7UR4

39
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c C 1:N 24: LCUVE. !NTRA4CE C

C RE qANDBOOK C: HYDRAULIZ a-S:3TAICT, !DE.' CH:.K C
c CJV~~:0 DYN MNAC LOSS 'JfGRM.I::OF4, NO FP4C cz4 CL1E

~E N L flX 1 3 4 s O R L: E c N 1 ' K : .W 3)

WRT o,6 00)CALL -&) . 15)

CALLi- (AED~P5

CAL:: RA: aD (N ,5)
'd I-,6 0O3)
CA.LAEAH (A C7A,5)

=N*D B/D X
C=F2. 144*E!P (-1.475430F)
WKI (1 =G-Ol

* WKI (2)24
; (1 =D UC :A

WK) =0.

WK R44 =DUCTA
620 FOR.A.( YOU HAVE SELECTED A ZOO2VEFED ~P~C.

+ F75~'S.T 2USZ:i fI :5:N Ac_ ACROSS :H! '
4LO~iZR 3PE4NGS?')'il S H037

601 rOE;FA(' WHAT :S :HE DISTANCE 3E:*dEEN THE LOUVERS, USE THE '
+ f CL3OS-S: D:STANC-r. e)

602FCRA':' H W IAN :PENIM4G.5 Ai f :Hz'E BTT;-E~ 74E LCUVTS?#)

ZNSIZ :H LOUV7ER FN:aAkICZ:?')
CM URN

0

90



17c F::ING -15: 112-T FIL-E2 c
C FjTF. NAVSEA1 INLzT DESIGN 9IAmasoor cc 021 0EAL: - Tf 00963 :Y?Z FILTE~it CU3RVE FIT TO DATA
C CTCA FILT2111E. POWER CURVE F'17 IS MkDF :z PESSURE LOSS3 DATA c
C 3AZED C.-i FAEZ 7'-lOC:TY )gFIE DATA S:'2PL:ED) BY 'JS-F. C

SUo=RcuT:4E FI-5(SCELL GEON ZKI 7KR)8

14!TEGER .SCRL 4ZC -49 Ak. ANSL S,:No
zI~NSDNMK(2 'KE ),VEL(13J 3-D.. * X(10),YT(10)U ~~WRITE (~D

2 FITE 6,601) ~ I
ZrED 1S.YS.3(ANS.ZQ..lC)) GO -.0 6

1iIT 6,607)
GO :3

6 CC.'TINUE
IF 4ANS.Z . YES) GO TO 30

WR E(6,603)
0 CA:L iREADI (qPTS ,5)

~PT~604) 1
CALL ZEADR IVEL () 5)
WRITE (6 I5
CAL ESlR (E Ll PI 115)
xx JI) =ALOG VEL 1

10 IZ 4 -ALOG (EL C...

SUI1X-0. 0
sJY=0.3

sulXY=0.D
00 20 Izl ';PTS

SO fl YuSO t* y~ 1I,

SOM!Y22SUM Y2+YY (I * *2

20 CCN.S, XYi()'TY(I

B~lNSUV,?TssbX'S0~Yn (N.ssasX2- (SU:IX**2))
.k= Xr 3U*Y-3*SJMX/f
walTE 6 606

33 a=0.0167

40 cc'I 1. a-7

WK: (11=;20
wiKI Z 2

*WF- (1 =A it Z-
WKS A
WKE (3 S 8

WK ": ARE A
600 FCfi A (9 YOU 3AVE 3ELEC:ED :HE INLET FLZa *'

* " IRSI ES~3'4 HAT 1S THE TOTAL 7ACE 'AS. TE IER'
601 F "StAT.1 (' 30 U '4Abf TO UJSE THE Di63 :!PE F:L:ER :N :E DaiY :6Nb

+ITION Y/1.)?,)
602 FOBMAT (AlI)
603 FCSBIAT I THE CEERATZIG CHARICEzRISTICS OF YOUR. WILLE B E'/

*' CEFINED 3Y A ?,);ER CURVE FI: JF :HE FZS.I:11+0 DELTA PRESSURE aCOE7A 0 FACE VELO:Y ** QZF3 I
+1 APPLIED T O iERFORNANCE l a BE INPLU7 BY -.. E *IsEl. '

. . . .



H' OW U NY :AZ. PC~INS DD YDJ HAVZ (1 : )'

6)4~~~~~~~~ FCM-*FCFL l:,( FEE-7 PER SECOND)o ) 5 F~~. ' FL M~S~~ A EL pf ?s (HCHES .42C)*

oJ7 FOP.IA A ' WUg .40: EIT:R A L .. T3Z IN4 THE 3SaCKES.')
R Z UR N

CE

Am



c FlITTI'4G 26: SIlENCER 500TI'-BAFFLE ,TYPE

C RE':. NAJSEA INLET DESISH HANDBOO. C
C COPOSIE LOS CZ:E!IIIES BASED JN A SUDDEN CONTRACTION, c

C FALCTION AND A SUDDEN E2XPANSICN C
c C

SUEROJTINE F1T26(SODL GECIWKIVIR
REAL. -KR 3 .- '2A A-DXRC.I J.
INT EGHR t0nL 1%tki'

HIIORTD 2KI(2),KR(L4)
WRIT! jo 603)

CALL Fi~G5)
WRITE- 60LR L

IRITEZ(6 6

CA L. RELDR (H,5)

c: DR CX5)

AO=CX*.H
& 1=1*G'H

-NC 2.'H 3 4.

C 1=0. 114 1* ( (B/DH+..) "*14. 4435) .o1/)

C FRICTION
C2=0 35*L/DH

C SUIDEN EXPANSICN
C2=O.-i7*S1.3-N*G4CXt**2+0.02
'COMPOSITZ COEFIC...EN.
c=C1.C2.CJ
WKI (1) 'EO

WKP 1 lU
UKR 2) =).3

6,30 7CR. A. C'YOU HAVE SELECTED A HIJLTI-BAFFLE TYPEr SILENCER. '/
+ EACH BAFFLE HAS A STREAMLINED SHAPE. IT IS THE TYPE'/
+ US ED IN :HE INLZTS OF T.HE D0963.' /e+ * ' FS 13' UESTTON4 WHAT ZS THE GAP BETWEEN THE BAFFLES?')

631 FORMAT ( WH AT IS .HE THICkNESS 0F T.HE BAFFLZS?')
bO2 FORF.1AT ('WHAT IS THE LENGTH O? THE BAFFLES?')633 FOPHATl V HAT IS THE DI',ENSIONi 3F THE BA';FLE PAPA LLEL- TO THE ;AP

604 70 RlAT(' WdAI IS THE DI3IENSION 3? THE NNDUCT ACaOSS THE JAPS?'

t)J5 FAMAT(' LAST QDESTICN, HOW MANY 3APS ARETHRE'
; TUJR N

SH



C FLSN :.-~ THAS13 .15 Iu. Z3flZZ IK

c SU2PCUTINS JUSTZ:GcA!TES HLE MQZJULE. NCT% :HAT THE v :S
Tes*i s.ssATHs..scas .ss .4sss3ss71inssEs Z.*g 0s..eG:.. -4

5 j2OJ'U M4E12 7 (.30R L3E0C n ~KI, A K 4
?-A:. 7r(R A3

11-z.- JOEL ;.1NWKIC 4W!HN (b f 2) J) K
iR<T ( ) EQ)
WK: (2) =27
WK? (1 =1 J
WK? (2)1 3
WKJ 4 13

130 1 2o.A YZJ HAVE !SELE,-tD :'I 3US TUR31NE ICDULE_ AS A PART OF'/* H COUNGFL!CAS' NC J!STC-NS, *ns: NEEZ!TD'/
TO K NOW WHEar YO WAS-7 -HE a Ia~.



CC

* ?I:T:N29 WSTE3sFf~~ IEA iiECOVER OLE

PR :IAR DR7AG ', IG N TH', E RCE YSE C ,NI'N

L41 AP 17WK 0, 0 ., P~,~,.PIEAE

P AD 4660 MS
20 '1 (A4. :K O UO) 30 TO 33

WaT R 7 6,602)

33 CO NTINUE
IFEEZt,8. 75
VF ACT= 1. 35395
CPTME=3S. 02327
D1=5. 03997
IFJASS.SEQ.YEIS) GO TO 80WR TS &fi663
C ALIL ErAZR (DV,S)
W R IT Er 6 OW)
CALL .-AI E , 5)
wa ::: Io6 cL
F. AD 5:,o3,AD5OZP. IS
IF((AN.s Q.mSTAG).CR. (ANS .S-Q.1N LINE)7) GO TO0 60J

GO REIN S0
4 :T: 7

CALL PEA5R I L4

C A.. P L Z')5
@2CALL. r'ADR ,L5

C :4ID IlHES. OF THE T.OSS- SANK

4ANS.S. INLNE) O TO 73

( J..TS) 7FACT=ST/4 '(33)

AK 2 a AC

;KR (2) JV

60J FCEHA Q: YOU HAYE SE!LECTED A iLSTE FEAT SCILER. D'C Y:-- iNT T
+ US -H DE POJPOSED FACER JESIO-N DETELOPSO0 3Y SCZ AR

63 +F;M' 1URBINES (YI/N) ?')

b)l VbA ( 13U MUST 75S5 A LETTER IN THE BRACKETS.
6)3 FCrMAJ A NUM3ER Z CF -TJZ F :B7,

* ' SUNDLE- 0531ER E% TOOTU 0 RE11: ? EDAEJ61E OS



D-Ai48 708 AN ANALYTIC MODEL OF GAS TURBINE ENGINE INSTALLATIONS 2/3
(U) NAVAL POSTGRADUATE SCHOOL MONTEREY CA S M EZZELL

INCLASIED F/G 2/5 NL

smmhhhhmhhhmh
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Ehhhhhmhhhhhhl
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L " 136 0

111W 1.

MICROCOPY RESOLUTION TEST CHART
NATIONAL BUREAU OF STANDARDS-1I963-A



* ' 7SE CCNSIST- UNI-TS (F-ET).'/
S!*FIRST 2STI N gA Z HEVOLUSETRIC HYDRAGLIC

6 IIS B? IF Too 30 NOT ~.<OW O.J40 FEET IS A 3000'/
+ ' GESS FOR iHi:S APPLICATIO.'

( WHAT IS TE DIAqETZS OR EQbi ALENT DIAIETSR OF I
+ A, FINNEr TUB-E IN THE BUN. (FET) IF YU DC No/

,. ' KNO 1.4 TIZ.!S THE BARE TUBE D0AII:ER IS A OO1'/• * ' GUES..')
605 FC53AT(' WHIT iS THE TUBE SPACING IN A BANK OF TUBES (F!ET)?'/

* TUBE CENTERLINE TO TUBE ZENTERLINE.')
60 T I ARE IHE :3BE 3ANKS STA13ERED OR ZNLIVE (S/1) ?')
63i FCRSA ' HO Z"ANY :UBE BANKS RE THERE ?)
o09 FOilAT WHAT :S :EZ DISTANCE BETiEEN TH8 TUBE BANKS 2'/

+ FBOS THE PLANE OF A TUBE ENTRLINE TO TUBE CENTERLINE'/
* ' ~LANE OF THE N.EXT BANK.')

o0 FOPlAT (' HAT IS THE DUCT D ENS ION PARALLEL TO THE -UB9S 7')
610 FCRM1AT(' RHAT IS THE DUCT DISEMSZO4 ACROSS THE T9BES ?')

fE-TU 8 N
END

S'

S.

0

..

0o

.:.



C ;I- G* MU

c THIS SHOULD AL..A&1 B SED 510 FRH INS Gz m OF :HE ENGIN! C
C EXHAUST BRANCH !ECOE SIX. IT M.AY 3E REQUIRED Foss 7.f CO0L11s C
C FLCW :F :T jO!l OIPECTLI TO THE A:3OSPHSE (CasS I& C

SUBR.OUTINE FIT29(SBLGEOll,'iIWXR)
REAL ;iKB AREA
INTEGIR ICH.L G!ONIKI
ZI!E4SION -al (2).dixalV4)

WRITE ~6600)
CAill. 11MAREA .5)

iKI 1 29E

H!1:3:8
WK 1.0

WKil4 .REA
630 FO3E A Y' OU HAVE SELECTED AN AOJP! %'I!: TO. THE aTMO0SPHIRE. I/

- JUST OVE QUESTION, WHAT IS THE &REA OF THE EXIT PLANE?

C FI::INrG 30: PITTING OF YLOUR CHOICE, 4OT )I &ENU C

C NO REFERENCE. THIS IS INTENDED :O BE I CATCH ALL FIT, NO F3
C THCSE FITT.INGS IOT L13TED ON THE A1ENU. IT INPUTS A CONSIANT C
C COEF:CIENT FOR McLMILICATION TO TH ?Essust VELCCITY. THE C
C v:L0c;TY is coaPu:!D THROUGH THE AREA INPUT REQUESTED. C
C*.*** *.......= NOe.**...a 

*S**********SUEROUTINE IT0(S0EL,GZOM,'4KI. WKR)
RE AL df A ZC f.A

3IESIONU (2,J()

iRITS4,600

CALL ?EiDRJAO, 5)
SKI ~2 Z30

WKE 2) 0.3
WKB z

603 FOR BE II SINCE THE PROGRAM IS LISITZ2 IN THE NUABER OF FITIINGS'/
FOR WHICH IT CAN PRODcJCZ PEBCRNCE CHARACTESISTICS I/

* ' THIS CPTIOV ALLOWS THE USER IC INPUT CHARACTEBISrIC 5'/
Or It F'ITTI!G NOT LIS-EO.'/

+ **IBSTQUESION WHA: .*/THE :ARAC-.ER.ZS,'C AREA Of#/
* HE F ITT .4;? T310JGH :HIS ARZA :,HT FLCW MROUCI'S,'

* A VjLOC.TTY MSD TO CALCULATE- THE VELCIT PRES33RE.)1
601 FOIMAT(' NHA~ is THE SULTIPIER, CO, USEZ IN :9!-/

* ' VELCIT iRESSURE 3XPR.;SIOf:'//
* P=CU.UH * YVELOCI.. **,h/ (2. 0*GC)?

602 FOENAIC LAST Q ETIO! dRlr IS T Z OJTLET &REA?')
RE TUR N
END



C ZYUT A ONE D1I~NSZONAL ARRAX T CONXAZNING THE FOLLCUING
C ;)1F0Rt1A:ION1 NUBER 3F X;S1U~Z OF P -HE X-S TEYS H
C TABLE STARTING '41H :H! 3 _zES: IC- VALHJ EON ifRwc
C 14CEASING X VALUES 21TH FLOWS :JPUT WITHI INCREASING I VaLUES. C

NN 1 3

C LOOP DtT g E.13ES STIRTING POITS IN 7 AREA! FOR INTZSPOLATION
00 20 101.2
K;NXI+T(Zj,-.
ZIj(: TG&.. Nf.K.(I L.~ GO TO 32

*C IF X BI., OF I ANGE INFOR 3 USE 1 HT TABLE ISTEFPOLATICH IS NOT
c PCSSI3LE.

1.O0T 9nm

GOT GO99 2
JI T

Kal
30 T0 216

23 JzL
2' 4F(-~. 3 1 Go TO 21

1E(.:.% 2: 5CTO 25

Ir G 3T~i Lu im
GO' :O 26

25 A.=NXI
26 I:Q* 1 L I)0

'a

:T(1

20 CCNT I

c IL'.79P&. ITS IN FIRST 2132NSION

Ju l I III 1SO6I

* C ~ *T&Z (1)

999 P 80

END0
* .C ?UVCIOP TOE TURN TITZEOLIZED VALUE IS04 TABLE

FUNCA.1C NEY(I Ax s AT ITN)
*C FJ PC . 0# NET Pi!6 1 13A.1 AN 11 1 POINT INTEBPOLAT:CM 7CR I

C STAiTNG1 A: ABSCISSA AFRAT I(S) &RD ORD14ATE ARFAY



-W1 -6' I* -L -V I VC W - - - -Z. W b

C A4Nj WITH T HE INTERPOLATE: 'V TLUE dETUPNED IN MET
oENSIN ' 0

RtEAL ME '1~Il
00 10 Jul s1

-F DC O 20 1INI

LCIUNI+I- 1

END



C LCAD SUBROUT:NE: PLACES FITTING IlFC3mA:.IOS IS a 3SOBE~ AE.3y CC CC SUEROTNE ALSC CHECKS FOR AaEA coNTiNui't! IN A BRANCH. I? :H3 C*C THE ?iES!NT FIIGAND THE LAS.- FIT:TING i3 sC- ,jA7CHt A ?!RNIUJG CC IS GIVEN T0 THE J5E3. AS 02oaRuqiTy I O C3TEv:xc IS PRCVIDEC AMC ':HE 3S!E :5 RjE .3a4EI T0 14T LGA 'ENU.I C

SUBROUTINE L0AZ0 GZO I,hK:,WKR, WORKr.NGaxp.)
EEL KR WORKS SEE -A ST7HA

INTEGER ~ ~ YE sodI~CKL~ ! ;z( 'od TEST: TYPE L.ASTYP

IM* .Q.1) GO .C13,

LASI OHLd-i( (11,2)
C SOME 'rITINGA S AY JOT EXHIBIT AREA CONTINUITY

IF TYPE. E.13) 0T 10
IF ThYE H Q .151 GO 13 10
IF (LAST!?. EQ .231) GO IC 13
IF (TTPE.E-Q. 31 O I1
IFaslyp.5Q 25) GO I'D 10
IF TYP.EQ. 91 GO T!0 10

* IF LASTYP. EQ 27 7GO To 10
I YPE.EQ. .21107 10

A.LShP. Q. 29) GO TO 10
C TJ T HE S TE VAL BETWEEN FITTING 13 SU.1MES

T;STI=9KIfi(2] -W !!~- 1iiC CHCK T SEEI FFI .16I THE iTART OF A BRANCH
GO T 10C LA~ST AEAEXI FiOl117:TTNG

LASSTAuN=E!(5-,1

4H "SA =WR (1
E STP.AiS fTHIS A-LASTA L/T3ISAIF(TESTR.IL.O.05) G0 10 10

10 4HITE6 600
IMAF 4 1 21Z2'RR 12L ASS

S 12 WIGN1 2WR ITE (6,603
GO : 1

20 CCNTINUE
I! (NS.Z 8 . YES; GO TO 30

m4 -1
GC TO 40

3 OEI f',1)sKI(130 NO R l, 2) a KI (2)lOPERa M,1 wVR 21

WCRKE Is.M' 2KI
40~ CCNT:'N-

CALL '_CS(LSRN '
600 FCRRAT(//'*. WARNING AREA CONTINU~ITY BETWEEN THIS FITTING AND/+ I LAST fITTIN& IS OFF a! AT LEAS.T FIVE PEP.CNT.'//)601 FOENAT 1(1 DO !CU WANT To ENTZR "T.4S FITTING (Y/3l) 7')602 FORNAT (Al603 FORMAT Y OU MUST ENTE A LETEl INDICATED IN THEBACES)

RETUR N
END



C DUC: DATA FILE CUTPUT saaROQ::NE c
C c

C WRITES THE SYT!3 ARBAYS VORXI AID W01R :.3 THE. DUCT DAT F .C
C A;.'OVS THE USES TO SERIAIZE SACS FILE CREATED. C
C 04APRIN30 WJRITES OVER OLD FLE.S, SAVE THES UNDER A rrIFE4T i;.

SUSOUTQTIhE SUICUT(lOIKI,JiORxaN)
REAL ;;0RKR

ISGER vi0111 PStRiAL
DIMENSION WORk&I(2O02),0ORKE(20,4)
WRITE 66001
CALL 3115,13S RIAL 5L
hRIT ' ~86O2 1

IRTE(860 I WORKI f~ 116 1'RKZ(X2).WORKR(I,),UORKR(I,2),

60O POR!!Alj WHAT SERIlL SOMBER WOULD YOU LIKE TO GIVE THIS DUCT DATA
+ FILE? /I YOU MAY U3SE UP TO A SIX DIGIT INTEGER SOMER.')

601 FORMA~T (61602 FO IMAT 3IS
*603 FCBMAT1I3 31, 16,3X, :2,31,F 10. 4,3XF 10. 4,3X, F 10.4, 31 F10.4)

FETURN
!ND

C RTAL NUMBER REAL 33JSROUTIN!: FREE FOR3AT C
C PHEYENTS THE IN1ADVERTENT ENTRY J? NOLL DATA (HITTING THE RETUR3N C
C KEY 11ITH NO ENTEY) AND INCORRECT 0DATA tsTHIS ROUTINE IS USED. C
C ZT AILO'JS FREI FOR MAT ISFUT. 110 NULS KILLS !IS. ?ROGRAI. C

SCJ!BOUT:SE 3BriE (ANSR,FD)
REAL ANSI
INTZG.ZE COUNT, Ir
CO UNT' so

10 CCNTINUE
CD U3'sCDUN T.
IF (CCUNT.L'T.3 ) GO TO 20
CALL,!RTCMS (#CjlISCRI '
lilT! (6 600)
GO TO 45

23 Co N:YUE0

30 an;inC F3 NS
URi:E(6 601)
3C TC 15

ISO CONT14UE

600 Fo"la/@/jNR0GRAM ILLED - :20 NULL STFINGS ENTER Zt!'
601 FOilAT NG:NUL STRINGS &BE NOT ALLOWZZ, ESTEE A UEIC

*Al VALU '
END



:!;r3E3 READ 5U-=OU-.:NE: !P.EE F01.4,1
P9Ei7EN-S CHE 74TADV ZN Nt(.F Sul-L 3k7 (H:1.iG :HE 3ZrTJp~ c

c E =4 ZNT:Y ABI n:lc~E.C: OA:A1 :4:s RcuT::-; :s USE:.
CAL:C3S PR7E F.h NJ:'. N2O .1.is X(LS THE rRO~SA:!.

*10 cc:W!u

Zr CCUNTE. 3) GO 70 20
CAU 73TCES ('c.RaNm'

G2 0 a-NT!4
a TAO3FD,ZNDm30,E3Rm30) AN4SI

WBEZ(6 6031)
GO -0 16

40O C cwINUE
S:cp

* 630 Foa44A: j////' FROGEAN KILLED - ZW0 14LL STRINGS NED!/
6.31 WA~A~ RNINIG: 4ULL SIRINGS ART. NOT ALLO;ED, ZNT!R 'I NDEFIC

*C 04)EATN CoN:IO1.:S INPUT SUBB03TI:E 7Z:!P, PSESS1  UZ0T
C SUBROUTINE O0 14PUT THE F0L:L3WIN; PAEA.IETERS: C

*C AMBI'ST TEMERATURE 'F 2ERE ) C
C AMSE .T PRESSURE (PS IX A EP
C BEL-AZITE HD.1IIy (31al 2SPP OUND .1ASS DBY A:-R) c
C C
C THT 2OGR&A COUt.2 3S A'ODFUIED 20 CZ REI:E U:,IY ) AND c
C CCNVYERT IT TO GRAINS ir -UZRT FOR JSE Z.A:Z IN ZHE ;F.CGPAN. H A T C
C !!ClC;TI0N SROUL; 3E"%Cccp;Z:siD '473E. C

SUPECITIME OPCCqc(0,p0,4alI3)
RErAL *10,PO HUMIID
WPi'E(6 -05j
CALL &itR DT05
iRIT~6 ,o0
CAL RELDR~I0, 5)

CALZ IEDR1 1 5)
CALI. Ear3.Ta ('CLSCRM 1EVRIV7LCN630 F3RIA ('THIS 2oaT:0N O 7HT ?ROGP.AM ::ipI:s THE EVR~TLCN

*ITIC 1S. /I WHAT IS :HE ANBIZk4T Ez1PsFA~uR:E (DEGREES 7) -.1)
601 FOEMIT W'HAT 15 T4Z AMBIEN, 2RESSURE ,PS -A)?'
632 FYzPA7c WHAT IS :HZ RELATIVE i.1l1IITY (.;zkl.NS cEF FOUNC XIR)?')

RETD



C OES PNL;~mAE TE :o aE Mrg L:1ITS APE N1OT EXCZZI:zD cC FZ~H JPEBATING PCINT B.IsJZS:-Z U JZlt is azg3i-S'" TO s:~c A ?:IFEaEN7 OPZP.AT'NG ?CINh IT :H:is IS HE CASZ.

R-AL H? **PT 20 -a ~c01co10 ~R: 606) , ,EH~,sCALL a~ibRSHP
23 WREIT! (661)

CALI RIA 9 (NUT6  GTO3

.iRI'r! 16,603)
GC TO 20

30 CONT:INUE
3?TP= (5177.5- 7. 0527*T0t (8. 3275- 0.300120-0) xIIF HAT.HFTP) GO 70 04

1G0 TC 15
'40 CCNTfIVUE

CALL PlZC3S ( CLpSCIN ')603 ?0E'lA 1q IN PT THE POWER SETTI3 YOU DESIRE.'
+ **v HAT 15 TH3 3ORS3PC9-"R?N'601 ?053lA1 -W *HAT IS TS! POWZR :!U33IN~SEO(..)'632 FO I Ia TI( HOISEPOWER IS NOT ON TdE PEEFOIIANC Z 3A Al PICK A LOWER H+CI5EPC a&.,')60 ? 3 BA T( POWDER TUJRBINE 313 ZS NOT REISCNLBLE. IT SHOUiLD BE%/

* '1200, TO 3600 M1. 2E-z'3T!l.'
BEF SN

41



C NGI'jE S~a.EC3",IlE: ZO.1PU:7E J2EHA::NG POINT !CR :7ZzN ZCN0I::Os3 z

%3~2500 lAfi:NE ;AS TURBINE vaRCR-IANCT:) AT. ?EZ!PARZO By
C GNEELL EZT5IC -OIPA lT I~AR iE ZIUT :s :A-' c..Ec~

C : ~E;A R-.E NT ~1E i::-5 ?ZVI-31"Z X:.cvziz 1j73.
C -NGN' ?3f-R.ANC :5 R-P-C:UCZ: 3Y'5STZE13G A S:A;:OAR: DD:~ C
C CZ-R:NG .112 AND~ XPPLY:NG C3RREECT:3NS TOP OF?-STA4ZAlPD c
c OP!ERATZ:iG CON01::CbS. MAIN INTirZS: IS 70 OBTAIN 3278 ANE: :Q. C

SJBPEOU:INE zNG:&NE(:N4LCSS :..ss L1
0 

20 8P~P.I:~C
+ 8C 9 SS: 1&4c:~-O

EE 0'30 HU.1In INLDli H'EH" 21 J~*' 2C !)E':; 74ZTI pliPTP,
iTk BH~ 2 JS~,d 2F~ 1c~S,~,~c~c:cPC

Zs- J.459.67
;2C-PO

c oz.:A IS :4E PP.555DB! CORECTION, T H-TA THE =!PERATURE CCRRZc::CN
C 1NLZ: AND E!XHAUs: 235ss ArL a aEPAE:z z~ZClN

:ZLTA=P2C/1". 696
c T2Z--TA=T2C/518. 67I

c CORRECT DESIRZZ 8PNPT 1-0 STAN'DARD COND::CNS, INPUT TrO ENZINE.

NPTE=NPT/SRT L'HETAL
C A 1 :.42 0O ( 3 .rANKE, W2S, ;65V:SSPBS, 3FCS ,:54, NGS AFF)
IF (OFF.;-,. 0) GC 0.23

C COREECT S'rANDAP.Z ENGINE 2ABA%.lETEES :0 OMEATTNG CCrNo::04S.

.NGC=CFNZ (4 NGS, !H!Tl 'NLCSS, ZX.OSSdCJli~l)
,w;C=C- 125,- 5EL:A'IJLCoSS.r.s~ULG

-.~: ~d5:EA ELTA 124LOSSLE:S x .s;UID :NGC3

PeC=Czpe (?8SD!uL rE. KOM

:5 -Czs51 (T5/4S,:HE:.A,I.LDSS,EXLCSS,Ho.ID,NGC)CliTINUE
PS TORP N
END

c PUNC71CM TO COPPECT GAS GENERATiG SPEED
F'IbC:!cNl C.PNGNG -4-A-3 .S CS03 HUDMD)
REAL PAZIC~:LS, DJP.aP, L .A~H

+ Cr CFG
I5(NGC 7 i100oo ) GO TO 10

Z p73 .0003)*0C-10.0.J5~o7/1Q.D
30 7C 33

.~ACELP:=.000733
3c :1. 33

.3 ADELP:=-0.0013
33 CONT:NUE

AZf:PEsI. 30M35
AELF=-). 0Q220C4100. 3
C!= 1.J#ADZLPI*INlloSS) (1. 0+4DELPE*!SXLOSS) '(1. 0+ACE'tHunIO))*

+ Qi (: F SA)

RETURM
END

c ?!JIIC'IN TO COFRECT MASS ?L0~ RATE
FUNCTrION CFW ~ALAiCSXCS.IZlC
REAL IEA

lF(NGC:f.E.91Q0.)) GO TO 10
I!j4GC.G;E.S2lQ.3,) Go To 23



GO :0 30
3 AD 30OOO7

23 ADELPI-0.0O1667

Al u0 000475
AOELH-3.0 352gi103.3
CF 4 .'ADELPI* SLOSS) * (1. 0+ADZl2S''XL3SS).C3AEL.fio)

+ - !-TA/SQRT (HETA)

END
C - JCTION TO COPPECT 78

REAL . THTMSELS~uI),GAE , L~AE

IF NGC.3t.9233:J~ 30O 0
AD LP1=O.331O5.(IG C-9 100."0) 0.001242/13)O.3

13 ADL?10).00105
GO :0 3)

23 AZELPI;0.03)2292
*30 CONT:N 9

ADEL?!.a 6.30095
AD!Li=-3. J0064~3/100. 3
cra~ I .. DELPz*NL,SS) *(l.0#AELE-*EXLOSS) *(1.0t.kDE.Bi*Ht1IlD).+ :' ; :A '
CF:8=r5.CF

c FUNCTION TO COREEC: 28
FuSC::cN CFP8 (?~EezLhAczZuO$S)
REAL ia DEL:A,!LCSS C-pa
CF= I )'+a 30241*EXM3Sj&Z.X

C riC::'CN TC COPRECT 1-514* F'JYCT:GlI CF-54(T5'& Trf'TA ZIELOSSZXLOSS MD ~GCLF -A 4fTH- M63'.XCSE -1 G;AE 10A ,A EDLHI,+
I rG GC. . Z.910 3.C) GO TO 13
IF (IGC.V:9 203 . SO TO 20
Ar, EZP ;.30O958*,(NGC-9100.0)*0.Jo1/100.3
GO TO 30

13 ADEL2:=.00095E
; c 33

20 ADELP2:2O.031958
30 C^CNT: SUE

ADELE=3a. 00056
AOHLH=q-. 002057/100.3

c ::4 4 =CF' 54



c :.111 3ArA IS 7AVE4 ?RC.4 C.;ST N:43E3RS 536 : 627 PAGTS 171-193
C7 :f7 k.I0AL. AK:-A?0LA:R zAJSCIZ 3 H J:

c -USIN;G GRAP4iI.?.L !C:II jUES. c
SUBJTIS4E LA 2!C3A5HdP 4?Tt~2, 41 3ti8, SFC. :!4, NG.Cr-)
P!R-A. 3Hp,Np:,2 i da 9 :

* 2Z WaT, .

+ 5.e (6 (6)
3)A:A 42/ 3.3 1 0+ 1O0.J,3JJ:0,53.,1000 0 1500J.0 175033.3,Z3COa.0,22500.3,

*40.2,61.6,77 2,105 6 12. 137.6 1*6.4 156.3,
*43.3,61. 4,4.,3. i17.4,12

+ - .4,62.i,73.2,96.4,1I3:3 123.9: z73:134:3,

54. 6 76 c967 ,112: 2 ,119.2:125.3131.6/
3)A~A 4Ar/e:39 5
+ 1003.J,3000J5603. 3,130O0. ,1530.3),l750.o,2000.J:2530. 3,+ 12 00 3 180 0 .0 24 00 0,30003 .33G .3 3a33.0
# .11l. 3;6. 7, 87 .1,122: 0, 149.d6 l.J, 152. 5,18i.3,
+ A0.2,61.a,77.&i 106 1 128.i 138.3 4~8.J 138.0,
+ 44. ,6 1.3, 7U.-299. 1,iI8.3 ;26.7:i34:5,i 43.3.
# 4356.,7.,63 28'4 1,1113 2.135.o
+ 51.3,,66. 3, 75.'&,96.9,113.2,1 o127.513.l
+ 5,4 " 3 o b 77.0 )7.3 3113.1,120.,26.o6,12.9/

+ 1000. 33300. 0,560J3. 0, 13000) 3 15330.3( 17500.0,:oooo0.0,2250o. a,
+ 1200.3 1800.C 2.40. 2 3000.5 5 300.2,3o00.3,
+ 114:, 153 . : M6. 13AS. , lt3t ,1755,19-17.,2000.,
+ 1185., 1153.,1161.,1253.,1.374.,1431, 1 499 ,560.,
.1 123,6., 1196 ., 1191,1214.,1233.,324.,1364.,1393.
+ 1281., 1253., 1242.,1243::123,:1303.,1323. 1352.,
+ 1306,1287.,1272,1263.,1296. 1312.15,13.

1334..1321.,1i304.,1296.,1323., 2,3.7. ,16
:oA:a ;8:./ 3. 0,6. 3103 1, 1720j,0033,250

+ 1000. 3,33200.0 00. 300.a.15 0033 ,15 0 03 230 3,
+ 1200.3 1303. 24jo. 0,3300 1 3330 3o0 0
+ 14. 70, 14.7 2, 1.73, It.78,1: AS 14:60,4.;4; 15.311, i. 13, 1'4.7 1, 14.1o.75, 14.9,4.1,4.3,435,
+ 1.4.71,1.&.71 14.7-,1L5.74 14.771-1 .714.3, 14.31,

*14. 71, 1,4.72,:71: 14: 72, 11 .7,4, 14. 76,14.774. 73, 1Ls.30:
* 16. 71, 14i.72, 14.73,1iA.75,14.76 14.77:14 73,1.4 ii
+ 1 4 * 7 1IL1 4 7 2 14.7 3, 14.75, 1,..7b:14.77, 14.78 ,14 73/
+* 00 50.M00 ,100 150J30 0, 1750 0. 3 J30J. , J0. J,
* 123C.3,18 0. ,2LIO0.3,33000 ) 333 13603.31
+ 1. 4967,J.3632,0. 7360,2.6832.J. 71Y),J. 7430,0 .77,40,0.3183,
+ 1.!51,Q.7993,0.64&16,0.5303 ).51)8 3.3031 3.5135, 3.5213,
* 1. 7335,J.838'A,.6420,0.4852,.4333. 4343,0..87 a 1245,

*~~~~ Z..32,3.9162,0. 784,0.49103.3! ,3 15 .4032,3.3347,

z:11. :5t/ 8.0 9 * 3290+ 3,30.5,3000. 303000,100 0.0,150J30, 1752).3,Z)000.3,22500.J,
+ 1200.3 1900 0 24%)J 3 3000 30~3.3,36O3.J.
+ 121L, 1278.',1 S56.,1 .,di I V! .,173. ,231).
+ 1258., 1290., 1,42.,150 9: 1tbd%* 1762.:,185%).:194J.,
+ 1303., 133(s., 1 --7 8. 1489., 1623.,lb l., 1753. ,1838. ,

+2 ~ 10 J.. J:5a ,1a . 15- J,15 . 3, 0 C .J 25 .J



+C 2 . .AB7E 54t i(77Z 5L
#~~~~~~~ ~~~~ 734377:7j 739 3o: 81 6664

+O7,4 15J76 . 77E383 Jd3 -3):3o6 JdB2

Z 20 , .2C , ;
-As C8Exxo;:;i

2~I ccNU::-.8
ZAE -A 7CAL'A TIx c:P

CA!0BzSC,'X~,I

6AL SL TITXXU

SA. A3 Z"G , c:,4

SF (O -()3 .fJ.(OG O 1



Ci C
- TH2- OTFAULI FAN CliARACTRIS:C 4AS ~0T~ TJY.AUFACTU2:RNG

* C CC.IPAxT AND is FOR TH A N:L: NTESPPUA.~!LS
C FTCTER. OTH--E FANSi ARZ NO0DEL-D AS A QjADEAT:C~r c :,ASS C

C WITA A .IaxInO AT vAiI.lum FA.; PRSSURE AND 0I.SCHAfioz C
C ANE ANOTHER POINT 11 MAXIMU-1 DlZCHAP.G2 AND ZERO FAN PRESSURE. C
C

SOEROUT1INE FAN.4RPOSTD Cri EMI'IMXX
REAL RHOs-0 Cc q 0 ~0fA, ~~XK
IN;TG-R fEslAN5,40

C DO iO 6 ZAT liE EF AULT FAN, THiE DD 963 CLASS DESTROYER FAN ???
!FA 1]~ ,ErBUA4ER4) IN

4 7 LJN0F.E).R(N._QN GO T
WRT 6,6a2)

8 CONTI:iU!
ZFJANS SE~. )G O1

* C A ZIFF;BifIANG HAS SEEN SELECTED, INPUT REQUIRED PARANETESS
4R=16 (6602kCA;.- aElDR.HO STD,5)

CA :. a Eit D(C F!q0 ,5)
CAL: R ~ FV! AX, 5)

Vanl 06o
CALL . EiADR (DN AX,5)
K=1 2sDP3A/(CFMO-C?lMAX)**2
go 0O 20

c 10 CLLC~iING ARE VALUES FOR TH9E DEFAULT FAN

C ! 4 300~OO.3
D 0 AX=27.7

t(-lODPNA/(CFM-CF,1OAX) 002
20 . NTI'NUE
651 F R~A YO-: U HAVE SELECTED A SYSTE1 WITH A COOLING FAN. THE/

* DEFAULT SPECYICATIONS lfizE TOR THE FAN INSTALLED ONO/
+ THE DD963 CLASS SHIP. @//
+ ' 0 OUO WANT TO USE THE DEFAULT SPECFICATICNS (Y/N)?')

601 FCFHAT (Al)
602 Fc~A 'THE PROGRAS WILL aPPROXIMATE YOUR FAN WITH A 7AORLTC/

+'EUAT~ION. TWO POINIS ABL Rfiu:ZA FRO :h TH AN 2 ?ORMI' /-
+ CURVE~S AND THE REFER.ENCE Al~ H35STY OF THE"CURVES. HA'

+ ' 5 THE REFERENCE AIR )HST. 'L3:/FT 3'
603 FCRam_ i HAT IS THE FLOW AT ZE-RO JAGET ?EZ SUE (Cy,?
6) Fj RLiAT (' HAT IS THE FLOW AT &AYIMU:: ZAGS PRESSO P. (CF)'

605 5 M 4ATg iA4 !l 0STHE IXIMNl FAN DISCHARNEZ GAGE PE!SSURE (I'ZCHES
L ? D (C F /DP'

F ~:U' 4N



C AC
C O r:iE 30 ft.-T:NGS &ViILABLtE 1% 7 HES- sRE 13 DIF?:Epj C

- AYS :C COAPOT! :j!s LOSS ?OiL H- F-' z::N.TZ i ac~~E~
C 3 ABL' 7C RECCGNI:T THE rI :Y; ANC saAN'~: :s ORC

C C pj-TA:ION AREA FOP :Z 'oT~. o X~l?' 3T? i s C
C A FTUSC::ON OF !rACE VELOC 7Y, STRAY 3H-1:) OUTY SFLD::3G E
C :H- PRESSURE V!Loc~zI. 7H~f a O EFF Z: : PzE"EIOF :H7 C

IHE CFFFI:Fbi- IS CAP EF.!EL ';::H.:HE :'12U-: C
c AT A. &oo:5GaCFf FdOTHER- wor:::o RzO:AJ MSE .r:Cj:IzN OF :HfsC
C S JES 0UIN E. C

SJBROUISE 1?ITrP(UdP P-1' '-d tTUTOT,2V 'ATA 1,;ATA-,?A:13,
* 311:14a,:PEO AIC* ASLAW -CiwNACi.~~V',3C
RZLVCU8I a ~c VOW3 VZON Za4 ,L HOCC. T01 ,S

ILA R/14-A 2~4 ?,AL 3001F5/gAU C;-P: 732 OCRpMA
C YO~Uf!~C~RETI~ 7E5A1T A7.2 D RECTf KEOWS:

vCa73F dw.,83 13.3,' Wd"HWC,2OS10.3

C aS aU'N NUM! A0ACO~o FORO FO0RT RAIUH LBW

C !4,~ *9 ,T 1.1,1 9 10 4 33 1 0 3

PS=PTIN .184 TN-PTC SC~U- OESI! O0F 3 AS ETRBNG iiTN P-' N EFEC & ASL
RHfC=;l:/ (R*TIN)

C VE:.O.::Y I EMASS RHO V SITE DIIDED BYDNIT N HEO-)
C SE;: 7ABS L~O-> aAS HO)AT/

ASIG PRE E VLU FR RH

RHC~u2S/IOTI

C IF ASSUMED RHO NOT INTL O OUTJrE1RC ESCN
i rST.G,.00) Go To 5.o MLT O2:DRORSM

C FT G0CORRECT OP C042UIITION =O0E
GO TO (10 3 1O~0 103 30 40 10 11 30 30 50 63 73 s g0.

CC S12PLT fITTIlNG, COE9 CICNT -.133S VE--L0C-'Y ?RESSUPE

13 DP=CAA3*PV
irCuTZPTIN-OP

GO TO 14&0
C
C STRAIGHT D3CT RI':ICH FACTRp is CCIPU'rEO BY c0RESIA'IC. 13
C SHAMES. 3ECHhICS 5F FLUIDS, PA3E 290, CORRELATION CF S~iajF. ANiD
C JAIN.
C F:;:T;NG.12
23 !zjZ LO~i3Q E/(3. 7*DA TA2))..74R.09 *C LS:&L/%A ~ LcC: PRESSO Z

:22FAI 'A *P v



TV 71 Tl r 7. 7 7. W- -77,-. 7

~ c 143

!.C il:l aEY~iC'-S .4U.IBZE CO3STC:ICI FACTOR
c r::::!IGS- 5 6 10 11 12

33 K3! a l.370 1-5. i48*aLj j(p.N*1E-o
0?=CA:A3 OKRS*P7

PTOUT-ivIN -DP
:;0 :O 1,40

C
C SYMCC:H RIIS 3.CA,3GLAa TE.3ON dITHCUT VINES REYNOLDS NUMBER
C CCRtCION FROM'- A3LZ' LIS-.;: 11i )ATA :HiS SUDiCUTINS.

C _::TNG: 7
43 0A'

C=;&:.3
IFRl.:-.13000.0) GO TO 41

GQ :0 4&2
.41 ) E

4 1 :ABL24T,X, lOU:, Kaz)

?TCCT=?TIN-DP
40 TO0 140

C
C BRN1C3 57C:ON CF A DIVERGING WYE. LCSS : DZPNDENT ON
c 7-LOCIIS 'N MAIl SECTION VI),CE:3SCTC D)

c~ V HE TOc:o (V3r3) &1 2ZO FC VELOC!TIES ZOli UTED IN THF iS:Z.1 SURGU I'lE, PASSE oFZPA
C :N;U: DA:A.
C FI:7ING: 1.3

,0 sTAqlA:IC) /kD4c

AD+3. ~ G "30 151)'A A*O30

C=1.3+(7DW/VDC) 2-2.S(VNB/VDC)COS(kLAD/57.3)-K2*(VDha/
+VD;IC. *2

S1 Kisi.l

:F(PR .or.3.d K132.9
Cz 1* " 1. 34 (VE/V3jCl **2-2.03'(y /V3liC) *COS (ALFAD/57. 3))

52 ?V=FHC.VDWC"02/(2.3*3 2.174)

2V=RHC*VD3"2/ (2. 0*32. 174)
I CJ T a -D:
GO :o 14 3

C
C .IAIN SEZTION OF A DIVERGING WYE
C F::: ;: 14
C BAIFCEN 9SED ON "HE RATIO CF VELOCITI ES VZWM AND V-OWC

*C CCM.P'J:ED IN THE SYSTEM, PIRT OF T7iE PZO;rAl
6) C-J.'(1.-VDV/VDWC) **2

2VmsRH*V0.,1**2/ (2.J$32. 174)

TOCT=TIN
ZO TO 140

C
C BRANCH SEICTION C? A CCNVERGING,.4;E lE jJCTICA CF ICD12LZ
C COOLING AIR (RANCH) VITH THE EIGI~qE !ZXHAUST (IAIN), .1O:E 3

*C FITTING: 13
C ALL INPUT CONPUTED IN THE SYSTSE1 SUBOUTINE ?ASSED T ID
73 C=1.0.(VCW/VCC)**2-2.3*ACil/AC~iC*(VC4,/VC)*22.*aC3/.NC*



+ j7C:;3/VC2Z) $0*CS(AF /7.)
PWL'HCCZ *VCC*c'*/ (.J 3Z. 1 7.)

C .IA:N SETZDN OF A :ONMVr-GING WYE, :m.E PATH FOE !!IGi:4E 7EZHAjsrC . Z 5,r Fl.:ING: 16
C ALL 7Z-3CI:IZS :cAPuiz IM SYS:z- PART -F PROG&al. &,g)C PAssE: To ?1-:)p

30 KI-1. 150 (ACiB/ACWC *0/2 .2+(I&fI/0 ft(C3ACC*

7s!!:' ACW A C)
cz %+.tcwlvc:l -2-IJ~iW.IACW-iVC;; I/7:'C) -- 2-2.00

3 P C*PV
F:CU:zPT:N-DP
lC C';T3) JT/( SO 311CC)
31) :c 1'0

C
C ZIYEDSZRS

*c FI:TZNGS- 17 l 92

90 1=9 R:(4.34oATA 1/3.14& 16)
3 Ns 11HC*L*V/ItJ
LA'lA=0.3164/RN**0.25
CFF AT12'LA21DA
C=CFR + OATA 3
2CUT=PT14-OP
oc 60 : 1,60

C cc4:2Ac7!OMiS
C EZ"I'1GS- 21 22
130 7= A/ (RHO ;DAIL 4)

P*IRH C*V :;2/ (2. 0*32. 1 746)

GG TO 1460

C F7:f:NG. 24
C PiESSDRE LCSS MAED 0ON FACE VELQCI-.Y
C 5.196i6 IS &CCVErs5 CN F CTOR 'o COHYEP.T :NCH A; TC PSI

113 .=.g6.N-6

;0 To 1140
C
C GAS TLESINE .10CULE, THIS IS 01T -:3Z EIG:NE, BUT THE PATH FORc CCCL:NG AIR ARCUND T3E ENGINE

*C F::TINlG: 216
c LOS5S BASED OF THE !~ASS FLOW OF Z:Z3L:NG AIR :HFC3GH THE .IOUCLZ123 O.(.1-**21)S1~

PT CUT=P:NP 4-D PC THE FOLLOWING CDSL FCR I0DIJLZ %M? CUT Si(CULZ BE REYIMNED

GO T 1110
C
C 16AST3 HEAT 301:--R, GAS SIDE PRESSURE LOSS* C !IIG: 27
C EASEZ ON TUBE OUIZDLZ GEC3 2TiTL VELOCITY IN THE NARBCV PASSAGE 0.'C 0? "HE '.083 BUNDLE, FRICTION FACaROE, F. A FUNC::CN OF RE-Y*4CLDS



F.J;*'b:R4;461.u-53)
:i 6A CA3 p

TO W=41-1~*I24 7.-3 .:0

c %; :1OZ F17714GSL I? 10J ADD A DUZEREi TTi CF FITMIG
C 7!FN A IFFER~iT IZTHOD )F Z:OIPUrA:ZIN, THE I-i~oD

I.42 CCNTINLIE
6T J BI

S2



0S SiTH E Z !AHI'1 SE DBT ir:7.SSV !AC NVI C

PRCC SS FIRST IAi- THE :~N OS.SES Wl.-E -.I- H CON2UTE3 C
C Djc: LOSSES, SECOlND .AKF :Hl' FA.1 ERYORIALUCE MATCH :HE CZOLINEG c
c OJCT LOSSES. NO jUNCT:C'.S !RE .ES--NT. c
c

SUmSRCUTiN SYS(SHal L,N ORK: WOB ,TETSTOHED
* RHaOSTL CHO CY.9AX 3~ K

+R .-AL 4.ORKB HP MET .0 AHm zIm- ;i .16jlxKi 8P
+ 'A12 5A7A :EST? zp~j . .. ,C.0

+ -4SH NG 5AHa'a '-4'DELP o:,z s-H Oilif TH. 5 IST Eft ~ 3,,3l&:1STE I. RRa'33 C SUAL 112E

C - 2:~ FLOWING SHE THE STIRT:I4 A D STOPPIN IN.S T THE~ 0

C 5RAZ4CHES. START AND SZOP BY THE SEQUEITIAL IND-71 4C.1BER Z1 DOC-T
C DATA FILZ

3z FIT 1SZ 3~

C IJITIALZZ INLET AND EXHAUST DOCT LOSSES (INCH WG)

E7CLCSSU8. 3
c IUI1:1ALIZE COOLING FLOW

WC=20.3
c IIILZ LOSS IN -BRANCH 14-S (?SF)

C WIT ASSU~E0 CESE ~E 'HE ENGINE PERFORIA NC"
5 CA,-& E7GNz(;NLcisEXLOSS, TO.20, 3us13,A2,sp T,;2. ie,8, B,8,sFc,

IF COFFl.ZQ. GC TO

6 CONTINUZ
C lINITIALIZE CONCITIONS ?OR START OF 3RAU)CH 1-3, NGNEiNLET ?LOW

Dp 13=1. 3
c ~ z PRESSURE :S AMBI ENT (PSI)

PZ:N?0S 1419. 0
C INLE: TE.5 IPEj&LTDFE IS AMBDIENT (DF3 r)

i:N=T0.45 9.7

Do 10 21 priwszz~
;ATrAj=WCRKR T!
EAZA-*-CRKB ;
CAL :AToR(du u:P DATA1.L:A:2 LTLJ.

* ATA :*s'. .0.J .J .+ :
DP~I DsP1*LP
FIT?? II)=??
PT I NOPTOUT
TTI.=TOUT

10 CCNTINUE
C TUIITIjNLIZE ISLE': CZNNZITIOIS ?OR BIANCH 3-6

PTINAPU *144'.3

20~1 IIUT

QS6;.

00 -.. '.. 3. *.* t~ it - .-Y2 06.x .1 2



CATA3=WORKR (1,3
:ATA3:WOfiRAI.3
CAL FITDP2jol~l 20 *I' Pn 3ou'A.3&

DPJ6DP3DEL

30 CCI'cIGE
C IF M 'tH XIT PRESSURE IS NOT kM3IZ4IT, REPEAT UN4TIL : :

TESTuANBS ( PTOUT-?O* 1414.a
IF ( . . .) Go :0 46

:; 7 20
40 CCNTINUZ

C CO.I1PARE ASSUM~E! INLTT AND EXHAUST LOSS iI:H THE COlPaTEC LOS3SS
C -l THEY DO IOT AGME BEZEAT

INLOSS-ViLOSS0S. 9696
ElLOSSsIXLCSS05. 19696
tzSTl=ABSOPU -INLOSS)

* :zS:2=ABS (DP36-!zXLOSS
*INLOSSzOP 13/(1430 L391EXL0SSwOPS64(14.J*0::.03:..)

C INi ALIZT MHET -OND TICSS FC.F.HA BCH 2-4

02 24-0.3

DO 50 rvAQ

DATA2xV0RXi .2
Z&AL&=VOIKR (1,4)
CALLF.JP~ ic~dl ,?TIN,:.-.I 2,OT UT,?V, DAT2.flTA2,ODAT13,

)lTATYEg;L:J.,J.,J.. ..3 J3 3.v* . ,.3.. 3.,
* ~ 0 3,C)

021I) 2ouP

1I=T*?UT
IF (YPE.ZG. 2E) T503=TCUT

50 CC!4:I . JE
C INIIAL'ZE CONDITIGjiS FOR BRANCi 4-S

55 2P11Su01W4..004

CP45*0.3
DO 60 -sC If

CALL FXDP 5 INC;3,.3.o,.,.J,5..F.3
46, Y*

OAT,. 'J.' J, .--4

D04oal

...................... . .



r~~~~~~ 1w* -:I17C jV'D::C rrurr rOT rr,. .... r rrr w w -- r'-P T-N .i3 -SF -R --.?E-

1.3 Ao 0 7

FAkN eFlESSB 315!
73 :0FmflaQ 24.3P46/1 4A. 36 J30

c NA:CH :LCw r0 sxs: .aFRfXI:EA:oeNI

C WRIT ASO!E N RTC. AC .S

oJO . AB rc ( * OMEB) EON S 3NOV Z ON ; III A'RFO N ME !AP.H

/51,'LCSS3 BRN0FANCHC 2-'F2305.LS ANUC O-5:%F1F127

K.:-P2&5 1969
50 .MIT . E.



00

C Cz 7:i:s s'ts:V1 AAS A zolsr,;Z 7~:: NGINZ .AR 4NC :Co::NG C
c £V 7B:HROUGH :.HE t~i _Ila:~ DL~ : Z~5: c
c ;N:N :NuLz: BTc: 3FANCH- :21, )ZF :0 TIE Z.:NIG 7;. -No :T Wo c:H CU..T: C~ .. 4- 30Z5u zc .c~ .E SAS L .

1: :S ZiUCTED S!EAfiA:E1Y :0 :d- 1:.'osPNERE. c

*ALF13 &ZmB131 A w-fI
+ m0s- CF15  ' I C,'rMAX ~
3 IL ;WORKI HP 4IPT 1326 P an HcJ"iM 'I C!Y!TD2MAX K W2 -8 PS T

* 'UOS9. Et CS'. 1 4 P 2''.40N 51,1

0 ~ A , 3 ' A : E S : P ; F Il W H S 5 E 1T 2 N : .; c o 1

l11.-ERG OX.,FITiST OF 11 5P'A1-'cZsPL TE

c GAS C C NSTA NTr.A:l a/53. 34a24/
c 7FI1Z(1 S1R:ING AIIC STOP2I NG POINTS FCa BRANCH CC,1PU.ATION LOOPS

;?=FI:1ST I
S;F1Z1ST (3
CE=FIST 5 -1

CIN::IAL.Z INLE7 AND EXHAUST LOSSES (14CHi 9G)
IN:css=4. 0
MXOSSM8.0

VCm2 3.0
OP'45=103.0

c ot :ZHEGTNG1('ZE PERFORtlkNCE T:H THE ASS32EDTLSE
*~ 4,N.~G,3F F)

IF (OFF.!ii ;c :0 6
§R~~( 600)

GO Tu 50O
6 CONTINUE

C TH::L:ElE INLET CONDITIONS FOR !RANCH 1-2
OP 12=0. 0
PT:N=PO* 144. 3~I~T0'A59 .7

C CC!P UE '1TT1 NO LOSSES

DA'A2481i 11:1U

** CALL FEIDIC il ,dNj~tM C*C-UT, 2v DAT1.0A1A2 OATA3.

DIP 11) PY
DP 1Nu P2U 'I

10 CONTINUE
C C~PU VICI I'S IN -al ::zRi:NG iyz Szc::cN1

PT2= ; d*i44 -0
* EC2u P?2-?Vl/ ( 0+*459.7) OP)

YV.C~ (WZ#W2)/ (1HC2 OADW C)



VD:'- W2/ JR.O2 AD W!)
C :NLZI CCNIDIT:ONS FCR 3P.A!CH 2-3

OF 23=0. 2
C czpU':E LOSSES FRo FITTINGS

00 223 :A

DATi0aW2K! (1,3
CALLz~a( I 14 --O 1I I P:DDTT PTo 2VATA1,0ATA2 DA-13

*V60u AD,765C,3.,TO)

d.~3-:)P 2.3 0ELF

TH A IOUT
21 CC ST::Ig!

C 1N1T:IZ:E CONDIIONS FC8 BANCH 3-o

30 lIN-T8
02 l6m ). 3

C CCHUP-Z FI:I.'AG LOSSES
DO 35 I*C SS

5:ypEl-VRKl (1,2

D'ATA390P.K (13
ZATA,& CRKU a.
CAL.L ?Z2-8Il 'z, UT,0-UT PT, LALA1 ":A2.0ATA3,
31714 A,.5x .

0Pj~s0uDE1D -

5 cNT:4xruE
C IF :H- TX:: PRESSURE IS NOT ASBIZ:i REPEAT

ES !ABS 12?T~C u :p0 1I 43
:F(:zs:.1. 1.3) GO :0 '4b

Pr*:I;t;0 o1 J '3D P36
;o 70 3 0

.43 cc4::.4u!
C :: ST : ASSUI!: LOSSES AGAINST :jHE Z3.1PUT!3 LCSSIS

::lIOSS-IXL0SS.~ .96i6
ZX:CSS EXLOSS0. 19696
TZ -1 1 S (3P12 CP23-INLOSS)

* c aPEA: :-R C FASS0219. :.OSSES DO .407 !4-Ch THE COqI"JE L3S
Go T3C IN4 Za ? THI INLET CCN.)I.3OlSEG R DANCH 2-4

.I45.45.

C COAPUTIE FIlTING .CSS!S

.AA2 WORK 1 .2
* ZA:.13 WORK' ::3)

DAA.4 WORKS 1,4)CALL F: :2 (WC,.Hl'?TIN -. :JO, vDAA ,A :A2,ATA 3,



DATI4 OEL"E?

FI:P7 (I)PV
P::Nz T T

IP 4 TYPE.EQ. 26) TAIODzTOUT

C INI:IA;.IZE THE INLZ1 CONDITIONS FOR BRANICH -

7'4=TOUT
* 55 ?'nIN*F0*1'.3+DEI45

op '45=0. 0
C CGIPUTE LOSSES ?OR FITTINGS

Do 60 IXD '
TYP---W69KI (1 2)
OA'IA2=UORKR I:,10 A 1A2 2 , O R 1 [DA!A-&-O BKRI

* CALL FITDPIICtH. N T IN 2ICUT :OUT,?VA T A1,DATA2 ,DAlA 3 ,

* ~DP (I) DL
DPb5=0P45*DZ1P
FI:PV I)mPV

60 CONTI: UE ~ ENOD TC IF -XIT PRSSIBI NOI AMBIZN REPEAT

IP(IIST.L.T.1.O) Go 0 7Q
GO T3 55

C COMPU:Z FAN PRESSURE AND0 MATCH FAN PERFORMANCE 70 SYSTEM
70 FANC;=(DP2'4.DP£45+DPi2L5.19696 croCf3ZDNIKC)

c IF COCANGI~C 10 MTC~z YO ARL F NISH~
ESTABS ( WCN-WC)

IF (TEST. GT.O. I) GO TO 5
* C WRITE PERFORNCZ :NF015 ATION TO T! OUTPUT FILE

CALL 007PUT(TO.P2,HUID HP VLPT NORKI,DP,FTITPV,INLCSS,EZLOSS,WC,
+ Wi2 W8 P8 -8SC I4.G.EzL
DP1226 P11/5.i9ic.6
D22.3=P2.3/5. 19696
0236x02.36/5. 19696
O,?24s2DP24/5. 19656

* - DP45=0PU5/5.19696
C W4RITE THE BRANCH LOSS SalIkRY

WRI 1j
1
.

3 ) Pl2,0P23#DP36,DP24.OPV5
603 FORM1AT ('5 POWER POINTCISNOT, ON11jFPANE~P'

*601 FOF3A:(/5,'LOSS BRANCH 2. / ELS RANCH 2-3:1,F12 2.
* /5X,'LOSS BRANCH 3:g: F12 2 /X 1''OSS BRANCH 2-4:',Fl2.21

+ /5X,ILOSS BRANCH 14-s:*,F12:2J

END

li



c*.ss**.a. ......~*esw*~eesesaassesse......s*C
C SYE' IHRE IACHN Sl!!SODOU!!iN c
C C
C THIS SYSTEI 3T:LIZ!-S A CCS19NED INLET AND ZXAJST :UCT -FCR ' BTH c
C ENGINE AIR AND COO0.14G a:R. !ODE 2 S .1 WIE.I~ YE. NOLE 5 C
C IS THF JUNCTION GF JODULE AIR AND ENGINE TXHkUST. THE SCHEIS IS C
C TO FIX -HE PRESSURTZS AT NODeS 25i 14Z 4ORK THE 2ArALLZL BRANCH!ES C
C SO THAT THEY HAVE THE SAIE INLET AND OUTLET PP.ESSJF.E= P2 AND PS. C
C CHECK ASSUMED LCSSF.S AGaINSI C~dPUTED LOSSES PEET~ 4 CESR.
C C

SUBftOUTINE sYs3(STRIIL N4 ;ORiI 14ORKR i NP, F'-S'r - P0 HUMID,
* AL~FAD ~~ AW, N CCCCI

+ RHOS-15 CF'1O CF" MAL.D3fMAXK
REAL '-TCRKR HP 'IPT TO 6 UI 28 Hui,cF2im. x~c.lo P 'IL K W2 W8 '8, T8

+ :NLOSH EflCStLFIND~,DP12 D24 ~IPb D?4-*V P1-N T6'TAtAl,
+ DA:A2tDATA3 T-ST Or- F I-2 WC(UHOS-5 "911 ftESf2'WCN TMOD,
+ '54 sC ,NG M~LADA BA ' 11-aA34 w l Di2S' IT2 .02 ' 6vB,3J5wC 'D'i
+ CAT14 ,R'A~HCAC, AC cc ACr51 VCflB 7CUC V6WN 'iAIN '.OD ASEC.'
+ HMAI HACK S'5; GA±IN LO§S ,Psi- NAI'4 s IET
+ PV8,Pf!JPVH SBPS~ SM,RHOCET,&HOCCT RC&.TE' -- :ESTI

INTEGER ooOKI, FI1STCFF,P.,P, R, SS, TT, I.,C*,D.RAL, TYPE,
+ IND

CDIMENSION WORKI (200, 2) WCRKR(.O00, 4),FIT 1ST (6) ZP (23J) FIIPV (200)
C GAS CONSTANT

DATA R/53.3L424/
C SET Ur- STIPTING, AND STOPPING POINTS FOR BRANCHES

iPPFIT1S* 2 -1
H FI71S

T 3J -1
Z L11"4 -1

SS-FIT1ST ~5 -1
1',Fl'~l6 -1

A= F IT 1S
B-FITlSI 3
C=FITlST
0: FIT 1ST
E=FIT1ST (6)

C INITIALIZE LOSSES (INCH NG)
INLCSS4. 0
EZcLCSS-8. 0

C INITIALIZE GAIN IN THE NODLZ EXHAUST EDUCTOR (PSF)
GAIN-30.0

C I.NITIALIZE DUCT LOSS IN THE COOLING FLOW PASSAGE (PSI')
LOS55.30. 3

C INI:IALIzZ THE COOLING FLOW
WC=CMMAX* RHOSD&/6a0

C INITIALIZE THE BRANCH LOSSES REQUIRE TO START THE ?ROGRAM
DP45=100.0
DP56ml00. 3
::WOD710. 0
E'5=P0*1 44 .0+DES6

C COECK ro SEE IF T HERE IS A WASTE HEAT SOILEF :NiST-ALL::D
C :N 3FANCH 3-5. IT DOES NOT :IAKE- SENSE 10 eUT I.: ANYWHERE ELiE.

DO 4 -2 S
TYPEOOK(12

4 4 CON!,'UEID
C GET ENGINE mPERFCR3AXCl EASZD ON ASSUMED CONDIT:ONS

5 CALL NGIN~lE(IN;LCSS,EILCSS, :0, io,H4UNID,dP,NPT,U,2,w8, a, T8,S3FC,
* T54,N4G,OFF)

IF (OFF.E.O ~c To 6

GO TO O
6 CCNTINGE

C INITIALJZE THE INLET CONDITIONS ?OH BRANCH 1-2
OP12=O.
P.NAIN=PT5+LOSS
PSEC=P:5+GAIN



1: N= J+Ls 5 .7
C CC'IEi 1ED IASS FLOW ;iC'i2

4= vvC. +.2
C F1*;D FI:TI*NG LCESES

oa :=i p
T:YFEz6CTKI (1 2)
:ATAI=WCBKF. (1, 1
0ATA2=wORKR (1, 2
ZATA3=WOBiKR (1 3
DAA'4=WCRKU 1,41
CALL FI-.Dp PW.PITTO IT ,OUT,PV,DATA1,DAIA2,jaTA3,

+ PI 5D -' 0 '5),
3i2 2DP 12.DEL?

TI1N=TOaT
3 ccNTINUE

C THE JUNZTION PAPAMETERS A' ~IODE 2 AND 5 ARE COMPUTED HERE
C .9ASED ON THE CURRENT ASSUiPTIGNS. THE PARALLEL SRANCHES -lUST
C Y.EET THE VALUES AT :HE N(ODETS 2 AND 5. THE PAP.AIETEFS ARE AS
C NOTED IN THE ccrMENTS
C COTAL PRESSURE AT NODE 2

Z2= EO'1'4. 3-3P 12
C D)EvSITY AT NODE 2

RHC2=.jPT2-2Vj/(T(0+459 97b)CiC VvLCC.TY IN .HH COOLING RAjC
V WB=WC/Q(HO2S ALWE)

C vtELOCITY IN THE COABINED INLET SECTION ABOVE NCDE 2
VDWC=$WC+1W2) /(PH02*aDWC)

C VEL'.C-.Y OF T ,E AIR FLOh.I HG TO TH4E ENGINE FROM NODE 2
VDWM-W2/,(RHO2*A!DM)

C :Z.4FERArJRE OF THE AIR IN THE PRIMARI FLOW OF THE JUNCTION AT
C N4OZE 5 ENGINE E19AUST TEMPERATURE

C IF A BOILER IS IN BRANCH 3-5 THE TE.NP IS THE TE.IP OUT OF THE
C BGILER

IF41ND TMAIl=77O.0e3.73E-3*HP
C CPU HbA6NO -IDTEUEPR:RE CF THE CO.IBINED FLOW

C BASED OF THE ENIHALOPY OF THE TWO AIXING FLOWS
HSEC= (1.421385E-5*T.MOD+.221,391) *T:iOD.5. 6373
HM AIN=(1 . 560 51 E-5*TIA IN+ .22388) *TMAI'N.+4.75396

T5= (-C.JO004 I7*HST CK*.335771 HTAC 9.5776
C ASSU4E THE DEZUSITIES A1T NODE ~ COAIAZZ, l1AIN, AND BRANCH

RHCCCT/ (ESTS)
RHCCE=PSEC/ *MD

C COMPUTE THE VELdCITIES AT NODE 5, BRANCH, COMBINED, AND IAIN
1D VCWBB-C/(RMCB*ACWiB)

VCW AhA8)( HOCC ACWC)
7c;;=08/1RC 'ACWI)

c COMPUTE IH VEL'CCITY PRESSURES AROUND NODE 5
PV-2=?'iCCBSVCWB*2/ 2. 0 32 17)
P7C=rHO-C VCWC*2 / (2. 032:174

4EVzOC*VCWN~**2/ (2. 0*32. 174)
C CO.!?U:E STATIC PRBS SURES AROUND .1ODE 5

is"4zpsE-PVB
ESp'-13AIs-VM

C COMPUTE DENSITIES AROUND NODL 5
RHCC3TP=SB/(R:T!!OD))
RHGCCT-PSC/ R 15)
BHCCMIT PSM/ ( HTmI)

C TEST ASSUME DENSITIRES AND C032UTLD 0zNSI.-.ES
TEST 1A35 (RHOC2:-PHOCC)
lES.2=A3S (RHOCCT-EHOCCi

120



* . -.. . . . . . . . . .-

HCHZG..0 00 CC 1

IF TEST3.GT.9.C0ll 53 Ic 12
C I! ITIALIZ -lHE INLET CONDITIONS FOB BRANCH 5-a

11

?'TIN PO 1 4,1. 0O+DP56
D P56 =0. 3

C COMPUTE FITTIN!G LOSSES
DO 12 1=E N!

CA'A3 WORKR (103
9A;A4=wOBiKR (I 'li
CALL FITDP(W. , ?TIN -INTCJTTU.V.A1D;:2DT3

+ A'TA TYPE DEL

OR6DP56 +0El?
!ITPV ()=pV
?TIN4= TIOUT
IIN=TOUT

12 CCNTINUE
C EXIT PRESSURE %1UST BE ATIOSPHEaIT

T7ST=ABS (O-PO*144.3)
(IEStT . 1.3) GO TO 14
GE TO 11

14i CON~TINUE
c NCW THE TOTAL iBESSURE AT NOD& 5 IS K:!OWN FOR :HE l5SU3iED FLOW

ET5=PO*1 44.O+0P56IC Z4:HI:LILZE INLET C D10T:CS ?OR BE1CH 2-3
liN=TC.i5 9.7
OP2.3=0.0

C COM1PUTE FITTING LOSSES
00 20 1= ~

DAT11 =WORK H ,1
:)AAi2=ORK2 1:2
DATA3&UORKR 11,34
CALL FITDP i t2,d dPTIS TIN PTOJT 'CUT PV D1A1 OATAZ,DlTA3,+ DAA1iTYPE DELP 0 ,LTAD J::.A . A:m lw ,'. ,0. ,

0P_3=aP23+DElP
FITPV (I) PV
iTI N= PTUT

MIT C: NUE
C iNITl_:.::I,.NLET CONDITIONS FOR B3RIL1CH 3-5

p.:N=F6 14. 0

C COC PtJE FITTING LOSSES
D0 35 zC, SS

DATA2 WORKE 12
DATA.3=WORKR I13

CA. ?TD~a ~PIN _=N ?TOUT TOUT PY ATA1,3Z1A2AA3(
+ DAT4 TY z ' AL6C~ 3.,.,.VcBJ.i

II



DP 4 1)=D" .LP

: I)=PV
TiN= TCUT

C LOSS IN THE IkIN ZN-.N3 EXHAUST FLOW FDP2 NOL 54!lERGY 13
c TRANSFERED 'rc THE IODULE COOLIJG FLOW AS A EZSURE GAIN.

C CC.PN i EXI PRE)SSE OP REVISE -.NLET CCID11:ION TO BRANCH
C 3-5 AND REPEAT IF NECESSARY

(TEST. T..0) G 04
PT!NzP0*144.0,DP35+0P56
GO 73 30

40 CONTINUE
C COM~PARE ASSUNED LOSSES TO COMPUTZD LOSSES REPEAT ITERATION

CI.NLOS=INLOSS*5.19696
EXL.CSS=EXLOSS*5. 19b96
T-511=ABS (0P12 +DP23-INLOSS)

-;--2=ABS (0P35.rP56-EX:-OSS)
INlOSS= (D 1 2 Dr23) /5. 19696
EXLOSS=4D:P35DP56) /5. 196 96 G

45 PT !N= PT2
DP 24). 3
11 lN=T)+459 .7

C C08PUTE FITTING LOSSES
0O 50 -=3 RR

TYPf=W6RKI (1 2)
ra Al =oiKKR (i~
DAM:2=ORKR (1,2)
DA:A3=WCRKR1,
DA:A4=5lORKRP 11,4
CALL FITDP[WC ,P ,2TIN TIS PTOUT TOUT 2v DA"A1 DA'A12,DATA3,

+ DATA4 TYPE E1

DUII) -DELf
DP2 4=DP24,DELP

FTVI) =PV
PTI Nz TOUT
TI3=TOUT

1,7AL:Z INL I ODTOUT FOE BRANCH 4-5

P:iN= PTO UT+(K* ((WCRHOST D*60. 0) -CFM! AX) *2+ DPI.AX) *5.196 96
TIN=T'4
6;45=0.0

C COfIP3TE FITTING LOSSES
DO 60 I=D TT

TYPE=; 6 KIAI 2)

A'A2W5KE f~ll
DATA3=WORK2 '1,3'
DA:A4WORKE 1,4
CALL FITDP2(hC HI PTflI T:, PTOJT TOUT 2V,DAT11,ZAIA2,DA:AJ

DAA TYPEDEL , ALFAC 0 AC;B
+ vCW ' .,O.,diocc,Ti)*

DP(I) =DELP
DP Siz0P45.DELP

TI NT 0 UT
C THE 30ODULZ FLOW GET A BOOST :N PRESSURE BY A1 TFA4sFER

*C OF 1.DMENTU1 FR.OI THE HIGHSR VELOCITY AAI' EXHAUS: FLCtW
!F(TYPE.E-Q. 15) ;AIN=DE.L2

12 2
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!F (TYPE.Z, .26) rMOD=TO1T

C TTST ,HiT EXIT PP.ESSURE IS PT5, IF NOT RE?EXT
IS rT=ABS (PTOUT-PTS)

L~(TST.LT..0)GO To 70
C CCOLING FLO WIS INCREASED Bi SMIALL STEPS UNTIL SYSTEM IS
C 1MATCHED

WCWC+O .1
GO TO 5

C SYSTEM 1 I 'ATCEED PRINT RESULTS
70 CALL. OUTPUT(TO,PO dU'lID H~P!;-MWRIPIVILOSEOSPC

+ W2 .Wd P8 -9 SFL:9,Si, G.ZERM -lhhF XSSC

;0PZ3=DP2.3/5. 19696
D)P-5=DP35/5. 19696
DP~ocDP56/5. 196i6
OP 24=DP22 /5. 19696
DP'45OP45/5. 19696

C PRINT --RANCH ICES SU311ARY
WRITE L4c0) 12*0P23,fP35,ZP56,DP24,DP45

500 CONTINE'61
t),)0 FOFMAT I' POWEESPOINT IS NOT ON 1THE PERF0RNANCER3AP.60 ORA/5X , LOSS BRANCH I-2 F2 2/51:ILOSS E ASCH 2-3:',F12.2,

+ /SX,ILOSS BRANCH 3-5.:,"12.2,/5X,'LOSS BRANCH 5-6:', Fl2
+ E* R /5X,'LOSS BRkNC3 2-.4: 1F12. 2,/iX, 'LOSS BRANCH 4-5:. F12.25

E ND0
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C****s*********ss**s~s*st~s~s~s~~e~***s*****~sse~se***C
C SYSTZ FOUR. IAICH:N.G SUBROUTINE C
C C
C THIS SYSTE.4 HAS SEPARATE LNLETS FOR THE ENGINE AIR FLOW AND C
C MODULE ZOOLING. NODE 5 IS THE JJJCT:ON OF MODULE AIF AND C
C ENGINE E:XHADST. FOR THE ASSUMED FLOW THE PRESSURE AT N1ODS C
C S S COMPUTED: LCWN T.HE COMBINED ?XHAUST-. THEN THE EXIT CC PRESSURE FROM BRANCHES 3-5 AND 4-5 SOL AC T. I O
C THE IT.ERATIONi ZFOCZSS CCNTINUZS. c
C C

SUBROUTINE 5Y54(SE!IALN WORKI,iORtKR 1 HP ,NP T, ?I11ST,270,POHUMID,+ ALCA ACfi ACICC jW+ RHO5TL CFI6 CF1~tAX DbM"AXK
REAL WOR(R H2 NPT TO A6 9U113.CFA1MIXfrCFM!5bPMIAXS r(~ w 12 P8,"Til

+ INLOS§ -fiLCS~ FlNO 3113 DP24 aP5 v PINtPT6UDAh1
+ DATA2 SATA3 T-ST,OP,FIT;, WC,&HOST,TESf1,*EST,2,CN,MO0,
+ T54 S:CNG 6P56
+ DAILQ,R iLIAC4A&JB ACWC lOW'S TOWB YCIC VCWMl VIAIN hMOD iSEC,
+ H3AZNeH&TACK .4 TS'W 5AN LO&SPSz.C pn IN 2i4 -mrSr5+ Pvs ~c P~m a'P~tM kaOCBT RHiOC&. RHO&T AtS:T LT-'ST

+ IND
DImENSION WORKI (2002),WORK(200,)FIT 1SI(6),DP(200) ,EIIPV (200)

*C GAS CCNSTANT
DATIA ,/53. 3424/

C THE STARTING A14D STOPPING INDEX FOR A BRANCH IS COMPUTED
iPFII1ST '2) -i

SS=FIT1ST 5i -1

B=FiT 157 (3)
C=FITIST (4)
DEI!1ST 4 51

C INITIALIZE THE INLET AND EXHAUST LOSSES
1NL055=4. 3
EXLOSSi. 0

C INITIALIZE THE GAIN AND LOSS AT NODE 5
;AIN-33.3

-w LOSS= 30. J
C INITIALIZETHE COOLING FLOW

WC=CFMlAMX*RHOSTD/60.J
C INTj AL'lETH EEfNCH LOSSES

)P56=1010
C INITIALIZE THE MODULE TE3PERATURE

TMCZ=713.0
C INITIALIZE THE PRESSURES AT NODE 5

P.IAIN=PT5.LOSS
PSECt T5.GAIN

C SEARCH FOR A WASTE HEAT BOILER IN BRANCH 3-5

Do 14 IC, SS
TYEE;dORKI (;12)IN=

C GE: INITIAL PERFORAn3CE OF ENGIJE WITH ASSUMED CONDITIONS
5 CALL FN3:NEINCSSaLSTDOU DPTW24,B ,EC

+ . 5Q,ZlGDFF)
IF (OFF.EQ.D) ~C TO 6

GVC E (6 6 00)

6 CONTINUE C3M -C INITIlLIZE INLET CONDITIONS EHfIC -
D? 13z 0. 3
PT:N-EO*1'44. 3
TI:N-:13+59 .7

~'4



C CO".UTE ?17:T:NG LOSSESDO 8 =Ip
:YP7-oR(:. (1 2)

4 -ATII-10fiKR (f,1l
rATA2=WORKR (1 2)
CA' A3=MO& iCR (113)

CALL FITDp(!4 al ?TIN4,TI'J 27UT TUT PV DATAI ,DATA2 DATA3,

O~3P ( aDELP

PTIN P TOUT

a CCNZINUE
C CCIPUTE NODE 5 EARAIETERS
C TEMPERATURE OF SAIN JET, ENGINE EXHAUST

T.AINzT8
C IF A BOIL.ER IS INSTALLED THE TEMPERATURE IS THE 3CILZEr EXIT TEMP

IF (IND Eh.) TKAIN=770.0+3.73E-3*!P
C CO 4PCJTE IHE COMBINED FLCE TEMPERATURE 3Y MIXING ENTHILOPIES

HSTC=(1.. 4213851:5*T.IOD0..221l09l;*rMO0+5.b373
H.MAIN=(1.56051E-5 TMAIN .23a8 *rNAI...4.75396

* HSI.ACK=JJ8/(WB*iiC ) RMITN+ (NC! (B.WCflLSEC
15;6(-C. OOB'417*HSTIC .M3377) R~SIIC (9.5778

C AS H E DENSITIES AT NODE 5, COMBINED, BRANCH, MAIN
* R.CCC=PT5/ (R*T5)

RHCC3=2AI F 0R*TIA IY
C CC!!PUTE VEL3C.IIIES h 4GDE 5, BBANCH, C34BItIED, 311IN

10 VCIB=WC/ (RHOCB*AC~iB LCC* vcC=WC+W/RHcCCC~C
VV-8/lPH C *ACNWM)

C CC!!PUT ..E 7'LCCI:Y PRESS~JEES aiOUND NOCE 5
PVB=RiiOCB-VCVBS'2/ 12 17.
PVz-CZ .. VCC. :,*j:

FV!!RF01*7~iM*2fl. 032. 17..
C CDMPOUE STAI1C PRESSUBES AR03U OD

ESES FSEC-PVB
*.;sczp,!5-2vcIDNE

is fcE'llAIN-PV M
C CO.IPUTE DENSITIES AROJND NODE 5

iHCC2T= PsB (PSMOz))
P.ICCCTPsc/i (Bk!
RHCCiTPS4/ (R*T MIN

C TEST ASSUM1ED DENSIT SADCPTE DEIIS
TEST1= ABS 0( RHOCC!
Tt"ST2=ABS (BHOCCI-RH4OCC)
T!5T3=ABS PHOCM'I-BHOCM)

P H CC RHO C C
SH CClRH OC NT

IF (T!ST1.GT.O.C01) SO TO 10
IF (TEST2.J5T.O.OO1) 30 TO 10
IfT EST.3.G:.0.rjCl) 30 TO 10

C INITIALIZZ INLET CONDITICNS FOR BRANCH 5-6
11 'IN.,-s

PTIN=PO*1 j4* OeflP56

C COMPUTE FITTING LOSSES
0O 12 I=D N

TYPE;w6R.KiI (12)

DA112=gWORKR 1:2)
DATA3zNOER 1,31
:ATA'4POE&KR I1 4)

CALL FITOP (h,dP.PTIN,.:IN,PTOUT,:.OUT.PV,DATA1,DATA2,0DATA3,



* :AIT14 TYPE ZLP,. ,o.,. 'o, . o. 0. .0.'O. O3. '0.,j.'

D?6DP5a .0ELi
FIP2V I~p7
PT: Nx TOUT
TIINOUT

12 CCNTI~4 E
C EXIT iRESSURE M~UST BE ATIOSPHERIC

TEST=A3S (PTOUT-EO*144.J3

5C TO 1 1
14 CONTINUE

C TOTAL PRESSURE AT NODE FIVE 3ASED 0.1 FLCW IN BRANCH 5-6
IT5=PO*1l44 J+DP56

C INIT:ILI'E INLET CONCITIONS FOR BRANCH 3-5
PTINi8*14b. 0

30 lTiN=TB
DP35=0.0

C COMPUTE FITTING LOSSES

TYPE;W RKI(I.2

rATA2=VORKR 1:21
* DATA3=WORKR (I,3)

DATA4=VOriKR (I,4 ,C3CC ... DVi8v I,* CALL FITDP(WitH ,PTIN TIN PTOUT TOUT P1 DATAI,ZATA2 :DATA3

+ VCWC'5 L 0'N.,R!AOCC,6.)
DP ll) =D Z 2
DPj5P35.DELP

TI NTO UT
C LCSS OF PRESSURE DUE TO MOdENTrU3 EXCHANGE WITH SLOWER JET,
C THE AOD OLE COOLING FLOW

IF (TYPE.EQ.16) LCSS=DELP
35 CONTIUE

C BRANCH EXIT PRESSURE MUST BE PT5 OR REPEAT
TEST=AB'S (PTOUT-PTS)
IF (TEST. LT. 1. 3) GC r0 '40

PTIN=PO*1'44.3.0iP35.DP56
GO TO 30

'40 CONT:NUE
C CCMPARE ASSUMED LOSSES TO COdPUrTED LOSSES, REPEAT ITERAT7,ON IF
C RE C IRED

IN LOSSINLOSS*5. 19696
EXLOSSEXLOSS*5.19696
TEST 1 ABS (DP1 3-INLOSS)
TEST2=ABS (DP35.Ci56-E XLCS3)

I:lo~z.P3/5. 19696199
ZXLCs~lP35Dr-56)/5.196

IY447ES11.GT.1.0). .R. (TEST2.4T.I.D)1CGO TO 5
C IN=.ALIZE INLET COND ITIONS FOR BEA.CH 2-4

27 I!N=PO 14s4.30
lIN.4TG+439 .7
D224=0.0

*C CCIPUIE FITTING LOSSES
Do 20 1=B.

TYPE2WORKI(I' 2)
DA'Al WORKR ii
DAMA2VORKS 7,2)
D)ATA3=WORKR (1,3)

CALLAW-,DORKE i'i ?TNp TU TU v DATA1 0ATA2.DAlTA3.

* TWB TvNN,76wCO '. , 16f

Dih4Di)24.DELP
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71',=:OOT
20 F(!PEZ.EQ.26) TMOD=COUT

20 C CT: NUS
EIQ=PmTO

4 T4=COEJT
C IIIALIZE INLET CONDITIONS FOR BRANCH 4-5

P:TN=FT4.(K*((WC/RiHOSTD*6O.3)-CFNN1.AX)**2*DPMAX)s5.15656

DPL5=c.O
C COMPUTE FITTING LOSSES

DC 60 I-S PH
IYPE=H6RtKI4I,2;

DATA2zWCRKR 1:21
011A3=WORKR (1,31
ZAIAQ4WORKR I, &sIPOJ OTP
CALL FITDP( uC.i ,PTINTI TUTOTP AZ72IA3

+ DATA&4 TIPE W:fljP ALMA DATA1Bicm~cw ,Do.ATA2 01113ci~
+ vCc 6 o..af occ,z5)

0P (I) ZDELP
OP 45=OP 45 0 LIP
FIIPT(I)=P7
PTIN P TOUT
INCS=OUT

C GAIN IS RESULT OF 3OMENTUS1 TRANSFER FPOM EXHAUST FLOW
-IF (TYPE.E. 15) GAI NDELP

60 CCTIO 08.26) Tfl00D=TOUT
Z XIT PRESSURE SHOULD E 150 RLPEAT ITERATION
TES:= ABS (PlO UT-PT5)
IF (TEST. L. 1.0) GO TO 70

C ADO A SMALL INCRV 'ENT TO THE COOLING FLOW AND REPEAT ITEBATION
iC~WC+ Q 1

GO 1359
C SYSTEM IS MATCHED, OUTPUT RESULTS

70 CALL XJTPUT(T0,O (CJ9ID,HE PT WI WORKI,DP,FIT.PV,INLOSS,EXLOSS,RC,
+ W2 W8 P8 T8'SrL;: 4,No,HkaIl-:t3OD)
OP1i3p5,' 5. 19456
DP24=DP24/5. 19656
DP35SOPJ5/5. 19656
DP45SDP"5/5. 19696
0P56=0P56/5. 19656

C CUTPUT BRANCH ZCSS SUNNABY
WR IT E ( 601) ZP13,OP24,0P35,DP45,0)P56

530 CONINUE,
630 FORMAT (I P2WEB POINT IS NOT ON THE PERFORMANCE MAP.'
o01 FORMAT (/5X,'LOSS fRANCH 1-3:',F12.2/x,'LOSS aiAKCH 2'-Zi:',F12.2,

+ /5X,'LOSS BRANCH 3-5:',F12.2,/5X,'L3SS BRANCH 4- 5:',F12.2 ,
+ 1EUE 51,'LOSS BRANCH 5-6: , F12.2)

ENDP
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C STS':E.1 FIVE MA!CHIIG SUBROUTINME C
C C
C :IHIS SYSTE4 HAS CCM3 NED) 14.ETS IAD EXHAUST PLCWS Irca :HE ENGINE C
C A,47 THE AODULE COOL:.I. 'TH4LaE 13 40 CZJJL1G -AN. !TE MOVE:1ENT C
C OF CCCLING AIR IS AZCi~PLISiiED i B ANi E-DUCTOR ARRANGEiIENT AT Z4E C
C -NGINE EXHAUST ;LANE. THEPI A T=ANSFEROF 31OSENTUN FROM A C
C HIGiiSPEED JET (ENG;NE EIHAJST HBOUGH A, MCZZLEJ TO A LCR Si., C
C j': (1037LE CO CL NG FLCA ). :HE SCHTNE I S TO ST RT WITH A SSALL C
C C5CL I G FLOW AND SEE If T HERE IS ENOUGH GAIN AVAILABLE FROm THE C
C EZUCTCR ARRANGEMENT TO IOVE ITHE 113. A PROPERLY CESIGNED SYSTEM CC WU:L HAVE EXCESS GAIN AT THIS L04 FLOW AND THEITATOPOCS C
C CAN CONlTINUE, INCREASING THE COOLING FLOW UNTIL THE SYSTE3 IS C
C 1AT:C H ED. C
C C

SURUTINE SYSS(SERIAL,N WOflKI 4ORKR SHPl PT TO1S 20 HUMID
*ALFAD ADf4B ADRI ADNiAL'A EACWi ACtC.ACWhi
F.ALOBlE SP NPTO -. O, HUHI3,CM~Ai ECM O DPAXK ;2 W8 28,'9

+ INLOsM ELCS6,-1NDOP,DPI 4D224 4DPj WD~ Vp 2flI26TDf
+EA ZAA2,51ATA2 TEST D2 FITi,4C.HOSbTEsl~l,,EST2'~ ''O
+ T5'4 SFCNG '56 ' *.NTNO
+ OATI4,,a ALZAC AIVB ACWiC AC~d VCWB ,VCC TCWM TIAINTHOD HSC
+ HMIIN M~ACK~t 'K15'W GAINI'lotsSps.CPHI P14 ET5 TEST5 SC

+ IND
DISEN5ION RORKI(200,2),WORKR(200,4),FITlSZ(6),;DP(200),FITPV(200

C GAS CCNSTANT
3ATA R453. 3424/

C CCMPUTZ THE STARTINIG AND S-4OPPIAG POINTS FOR THE BRANCH FITTINGS.
PP=F 71ST 2 -1
JQ=FI'1IST ,3 -'

EF7S 4 -1
SS=FITIST 5-1
A=1'I1ST (
B=FIT1sI 3
C=FIT1ST (i

C INI-IALI E THE INLET AND EXHAUST LOSSES (INCH IG)
IDlIOSSX(A. 0
EXLOSS=8. 0

C INITIALIZE THE GAIN OR PRESSURE RISE TO MODULE AIR FLOW IN THE
*C EDOCTOR

GAIN--3.0

C 1NI1JIaLIZE THE COOLING FLOW TO THE IINISUM REQUIRED FOR THE ENGINE

C 14ITIALIZE PLRAIIETE2S TO START ITERATIOl
DP5b-100.0
TIC0=71O. 0
FT=P 0 *1 4 Li.0 .0P56
FdAIHzPTS+ LOSS
PSECzT5#GAIN

C SECH FOR A WASTE HEAT BOILER, ZHERE ?ROBABLY IS NOT A BOILER
C 1IHSALLED IN THIS SYSTEM.

* IND=O
DO '4 Imc 55

TYPE: 0IO~ (;12)
IF (TPE.EQ. 7IND-1

4 CCNTIriUE
C GET ENGINE PERFCF.lAjiCE BASED ON ASSUMED CONDITIONS

5 CALL ZN5INE(IILCSS E-1LOSS, TO, PO, UI. P , ,2, i8, P8, T8,3FC,
* T5i&,NGOFF)

* IF(OFF.EQ.) GC 1O 6
GO0 TO 560

*6 CCNTINUE
C LITl-IAL:ZE INLET CONDITIONS FOR SEANCH 1-2

K 12



02 12=0.0

7II 0+4 5 9.7

C C*klU2 FITTING LOSSES
DO 8 =l P?

BAIA2=WORKR 2
DATA3=-I0EKR (1,3)
DATA4WORKR (I "I
CALL FITDP(W,.4PTIN TIN PTOiJT TOUT,PV,OATA1,0ATA2,DATA3,

DP 21 DPiDL
F ITV (I)=P V

TIN-TOUT
3 CCNTINJE

C CCMPUTE PARAMETERS AT NCDES 2 &5
C TCTAL PRESSURE Al NODE ' (PSF)

PT 2m 0*1 4 4.3 -DPl
C DENS:TY AT NODE 2

RHC2 jPT2-V ~ +s 7lC 1. OEIE, )I

C IVEAOCIIERS INSTALLED SCAI r. S CJIEF. MIT EM

HSEC(1.4213 85f-5*TMQlO. 221 091)*Tn O5.6-73
HHAIN= (150 IE-5'TA s~..238 *T3AIN*A. 75396
HSACKz4N8/4w8+VC .HAIN4 .. WSWC))*HSEC

C.~IN -ESTE ATROE T.I.Ct(-95778
C AS ME )EN771Z AT ODE5, COMIIED, BRANCH, MAIN

RHCCCPT5/ (ET5)RKCCB=PSEC /(R* T OD)
RfCC.M=PSAI!/ *AI)

C OPUEVEOIIES AT NODE 5, BRANCH, COSBiNEr, MAIN
10 VC13=;iC/ (R FOC2 ACWB)

8cl /I RHOC, *ACWMl)
C COftPUTET HE VELOCITY PRESSURES AROUND NODE 5

PVE=RHCCB*VCVB*2 (2. 0 32. 17)
?VC=RHOcC*vCC* 2/12.0:32.174
EVM4=iHCM*VCWN*'2/ (2.0*232. 174

C CQMPUTZ STATIC PRESSURES 11013.4 NODE 5
5R2=FsEc-PvB
Fc~p!:-PVC

ES!=FMAIN-PVM
C COMPUTE DENSITIES AROUND NODE 5

RHCCBT=PSB/ (ET 00)
* RdHCCC'S I R"1I

' CCM?SN/ LR*T 3INC TST ASSUNE DENSITI ES AND COMPUTED DENSITIES
flfSTl-ABS (RHOCET-RHOC!)
I EST2=ABS (RHOCCT-RHOCC)
TEST3:&SS RHOC37-EHOCI)

E HCCC=RHOC CT
,H CC1= RHOC T
rI TESTI.GT.O.001) GO TO 10
IF (TEST2.GT.01) g-O TO 10

* IF TEST3.GT.3.CQ1 40 TC 10
C INITIALIZE INLET C ONDITICNS FOR BRANCH 5-6



2::[N= CI* 14 J+ rP56

C CCMPUZ rI:TING LOSSES
o0 12 I=o 0

DA:A2=VORKR (I,
CATAJ3EOK 1,0DATA"&=ORkR 1 4CALL FITDP ( tfP PTI4 IIN PTOJ, TTV,ZATA1,)ATA2,DATA3,

+ DAAi IYPE nL2 0. , 0. ,0.J,.O,.0,.0,.3,

D~I=6fLP
OP 6=DP56+DELP
FITPVAI)=V

~IN-TOUT
12 CCtf4TINE

C EXIT PF.ESSUBE SHOULD BE ATAOSPHSRICo IF NOT REPEAT
:EST=AES (PTOUT-pO*144.0)

I,-(TEST.LT.1.0) GO TO 14
50 T6 11014 CONTINUE

p:5=PO*1 44.0+D?56
C INITIALIZE INLZT COWDITI.ONS FOR BRANCH 2-3

PT IN=PT2
!IN=10.459.7
OP 23=0.0

C CCMPU!7 FITTING LOSSES
DO 20 I AdkQTYPE= w6 K 12

DATAl UORKR 1,1
0AMA=WO6.KR R1,3
CA.;A4=WORKR (1,4)
CALL FIlDP~s2tH?,2TIN TIN,PTOUT,TOUT, PV DATA1 ,0A-.2,DATA3,+ DATA4 TTP' LELP a. ALFAD,0a,.0.AbWBADWH,LWC,O.,o.,

OP iI) DELf
DP x3= OP23 +0ZIP
FITPV IM=V

TIN=TOUT
20 CONTINUE

C II&ZEILTCONDITIMN FOR 3RANCH 3-5
PTIN3P63*144.0

30 l.N=T.3
)p -.50 C. 3

C CC;PU!:Z FITTING LOSSES
DO 35 I=C SS

YPEW RKI(I 2)
LAfA2-WORKR 12)
DA'A3=WORKR I ,3
C ATA4=WORKR (1,41
CALL FipiTO a Hl 27.I1B TIN ?TTOT ,Pul VATA,DAT12 DAT131

+ DAIA4 :18 iLP ALF46A"L 3ad CCAICX3,.~,LE7~
+ VCW O.Rt(OCc,I&V'

D52DP35+DZLP

PTINz T OUT

C LCSS IS FROPJ MONENTUM TRAN;SFZR TO COOLING FLOW
35 CC TY~E.EQ. 16) LOS SDELP

6C EXIT ?EEFSSORE SHOULD BE PT5# IF NOT REP::AT



IZS ABS (PTOUT-PT5)
IF('!S.:.LT.1.3) GO :0 40

P-IN PO0l 4 . 0o0P35+oDP56
GO TO 30

40 CC NTINiUE
C CCIPAEE ASSUIED LOSSES WITH ZOflPUTE! LJSSES

* - INli.SSNlLCSSS5. 19696
E-XLCSSaEXLOSS*5. 19696
TE51=ABS' rO?12.rP23-14LOSSJ
TE5T2=ABSg(D35*CP5o-! XLOSS)
14L053(O 12.P3 /5 19696
ZXLCSS~X DP35.Dr--5,) /S5. 19696
IFJ TEST l.GT. 1.0) QOR. (TE 5T2.GT. 1. Jj G :C 5

C IN.41ALIZS INLZT COSD TIONS FCR SBi AC 2-5, N1C FAN (NOOL 4
PTIlN=PT2
IIN=TJ+459.7
OP 25= J.
DO 60 1=3 BE

TYPESS6 RwI2),
DATA2WORKR
DAZK3=HORKR 1,3~
DaTA/4=WORKR 11 4

*CALL ?ITOP (%C HI',PTIN TIN POulJT CUT PV DATA1,DATA2 DATA3
+ DAT'4 TYPE DiLPALFA,0,wa

+ vciC 6 3. :3.,RHOCC.T16)

Dp L50P25+OEIP
FI:PV I3P v

:Ii=!OUT
c 5A:N :S FROM1 IOM'zNTUII TEA!4SFZi FRC3 ENGINE EXHAUST

60 CO 5~~S GAINO1=ELP
Ip PEH: 61TSOD=IOUT

C ZX::. iRESSURE SHOULD BE ?-5, IF 4OT REPE-AT ITEBITION
1I2ST;ABS(PTOUT-P5
IF (TEST. T.1.0)3 PTOS7

C INCREASE CO CLING FLOP UNTIL SYSTSM IS MATCHED
NC = C+ .
GO TO 5

C SYS:EM IS 3ATCUED, OUTPUT RESUSTS
70 CALL OUTPUT(70,2O glUID HP s,?T, '4 90Kl,:2,FPITPV,INLOSS,EXLOSS,WC,

+ '42 ~a P8,: 9

D2.=P23/5. 19696
OP '5=DP35/5. 196S6
:)P56=02503. 19696
DE25=9P25/5. 19696

C CUTPU: BRANCH LCSS SUMMABY
WRITS 4,601) 0)1,P3D35:P6 2

500 CC NTIN6 E' 1,P3 P535 0
* 600 FORM A ( ' POWER POINT IS IOT ON "HE PItRINE A.601 FCFMAT (/51,' ~~LOSS BLANCH 1-2:',1.,5,Ls BRNC4Cl 4

+ /5X'LS FRNH35,12.2 PESEF,'LOISS BRANCH
S, 25, /O5X BRASC BRANCH12
+ ETTRJBN ,LOSBANH2 F d:2



CC
C THIS SYSTE.3 HAS SZ;AR ATE "IL'TS FOR COOL.";5 FL-CW ANZ -NG7:i- ~
C THiE TWO TECW ICIN .1 AM !t3CTOR lAAN5ZS!TZ AT :.iz NG: NE SHAUSTPLNE -H-RE 1S NO ZCO-ING ;Aj :NS:A:..:0.DT~~c:E
c a ;. : .-' HPIPG aC-IC N 3Y '1i.I FA:C3FE rp.I H IGi iE:Oc::y c

* . C JET ( EN3NE EXHAUST Tii-qOUGh i ZL: J VELOCITY : c
C (.ICDU-E COOLING FLOW) .C

C

3 BRO UMI E 5 S6 (SERIA L i.I CKI.3XPTnSDOOdJ1.
*ALFAC~w c;ACWI

F% EAIL 'AORKR HP NP7 -TO O.93 D
* ,)S EHLCSED 13 323 P5 56? AALDA :., T8)&,:3

+ :s4 .SSfcNG'
+ DAZA'4,s A;.!acCACB3ACMC aci.i C e3 JC.41- C4WA -%IN,! C;, LSE,

# '.1A Hi TACL .5 WGAIN ISEC".: PTf!S
+ ?. CK , iPzc si O 3,1o !IZT P: !ScT3:zs.1, :ss:

::;TEGrER 5ORKf.FI . c CF N, uj F 'A. 3.C. ER lA.L, P,

0I1ENSION UORKI(2O3,2),14OSKR(203,4),I'IT1ST-(6),DP(20D),FITPV(2001
C 3AS CCNSTANT

CA:A P/53. 3;4214~c ST ART :N3 AND S.CPP:N POINTS FOR THE~ 3RAN:~i FITTING I43EX

A=F ~ 2 1S 2

C=F::iszl4
c INI1IALIE THE INLET AND EXHAUST DUCT LOSSES (INCH PG)

1.N LGS S=4. J
EXLCSS-9. 3

C :TIAL::! 7HE GAIN AND LOSS :N THE :DUCTOR (PSF)
GAIN-33. 3
LCSS=30.J

C INTII E TE COOLING FLOW TO THZ 11 !U' REQUIRED
iC=7. 5

C INTAIEOTHER 7ALUES

I1IC0=71). 3
2T5=PO.1 4i.3D4.D56
PM.;IN=PIT5.ZOSS

7PS EC= T5 +1,Al N
C SEARCH FOR A 8CILEP, THERE PRO3BABLY IS NOT CNE :NSTALLED FOB :HIS
C SistEr-

STYPEdOR KI (1 2)
-(YPE.ZQ. 21) 1ND-1

4 C--N7TMJ E
C GT: ENGINE 2SECRMIANCE FRc H.E !SSU.IED ZO:ADI7TONS

5 CAL II(NOShLS,3?,W 3d.P,.2.BP,5SC
+. T54oNG,CPF)

ii(OFF.EO3) GC -0o

*GO M 5s
6 CC NIINu

C INITIALIZE THE INLET CCNDI:IDNS FOR BRAuiCH 1-3
DP13-J.3
27TI42PO' 144.3a
IIN=TO0s.59.7

C CC,'PtUTE FITTING LOSSES

DOE11 PPK

DATAl SWORKS fl



'r:AJ=JOBRKR (1,3)
D)A A4UWORKR (1,4

CL ?IT:p(i,2.? 5 TIN ,:IN11 P:DJT ".OUl 27 D)A:A1,Z:Al2DA:AJ,
+ DA A4,YPE,DES1 .14. ,t5,.,.0J;.o,.,3.,U,.

ODj! =D.LP

IN =TOUT

c COLIPO S PAPANIEIERS FOR NODE 5
S'A'.' JET TENPEBATOFE (ENGINi EXHAUST)
C :Z A'OILEF IS INSTALLED, TMAIN IS BOILER EXIT TENPERAIURZ

C C.P, OBNLFO EIEAUEFRNODE 5, USING ENT:dAL3PIETS

NJAIN (1.560511E-5*T.iAIN..2238 1 *T.nAIN.,4.75356
HSIACA:jW8/4W8 +W))* AN W1(4d.WCfl)'HSEC
T6C. 0 17.HST ZK.4.23377 *H4STACK-9.5778

C ASSUNE NODE 5 :ENS::TIS, CO MSBLED, BRANCH, AND 3AIN
RHCCC=PT5/ (B*T5)

iHCsPSEC/(RI!LOD)
*RHCC'I=PI AIN/ (R'!TAIN)IISBLN3 OI~EADIIC CONPUTE NODE 5 VE.LOCITE EN3 OBA WlI

10 VC1WB=WC/(EHiOC3*ACWiB)
VCWC.(C*UB1)/ (EHOCC'ACWC)
7CaHMW8/ (RHOCN *ACWLN)

C CONPUTEZ THE VELOCITY RUD'D PRESSURES ARUD100
PVEHEHOCS*VCWB**2/ 2.0*32.17)
PVCaiHOC*VCWC**2/ (2. 3:32:171)
PVNIRHOCNl*VCNNM**2/ 12. 3*32. 174~

C CC!P'JTE STATIC PRESSURES AROU ND NODE 5
ESE=PSE:-PVB
;SC=iT5-PVC
ESM=PAIN1-PVl

C CONiPUTE DENSITIES ABOUND NODE 5
RHOCETrP SB/( R*N OD)
RCCTPSC/ R'5

RHlCCIT=P Sil/ (R*!!A MtC TEST ASSU3ED DENSI-.hES AND COMPUTED DENSITIES
I.ST1=ABS (RHOCET-ZHOC!)
TEST2=ABS (RHOCCZ-RHiGCC)
ISr3=ABSS(HOCN:-iH0C3NJ RHCCE RHOC 3T
RHCCCRHOCCOT
RHCCI=RHOC~iT
II C ST1.GT,.O.O0i1 GO TO 10
Ii (I ST2.GT.O.O01) GO TO 10

IF HST3.G:.O.0O1)13 GO 10
C INITIALIZE INLEI CONDITICNS FOR BRAN~CH 1-2

11 11N=75
PIHPO*1L&L.0*DP56
:)P56=3.3

C COM.PUTE FITTING LOSSES
Do 12 !TC -4

ZA Al = W CIXE I )
DAIA2=WORKR (1:2)
DATA3swORKR (1,3)

DATA4=WORKR (1,4K:CALL FITDPCW 41 P TIN TIN4 PIOJT otr- PV DATA1,zAh112,DATAJ,

0AA TP

D~gX).'33

SL

DF . -. - N - . -.. . - - .
*. . . . . . . .(- S.*PV- .



12 ccONTINUE
c 7E(1 TE.PEFNTUPE SHOULD BE A2.!OSPriE3IC IF N;OT -%EPEAT lTTEAT:O

V:Z ST=ABS (PTOOT-o 44.0:~ls (ETLT.1.0) GO TO 11
AC 10 11

Z N i %,u
7 5TSPO *1144 . 0DP56

C INITILIZE INLET CONDITIONS FOR SEANCH 3-5
PTTIN = 8* 144. 3
I :N= TS
DP 3 5=0. 3

C CONPUTE FITTING LOSSES
DO 20 I=S RR

CATAl:WORKRf i3
LATA2=WOBXKR1:

CALL4 EKII~jl ii PT0JTTOUTCPVDATA1 DATA2,ZATAJ,
+ DATAS TYPE 1 '0 ,ASzADJ. I3 3,uaD~iSW, ,.+ V5wB v5,KVbWCO.,o. , TO)

UP (I) =DEL5
D P35= U P35+ Di P

* TV 4 1) =PV
PNPTOUT

20 IF (TYPE.ZQ.16) LOSSDEL.P
20 CONTINUE

C COMPARE ASSUME' LOSSES AND COMPUTED LOSSES, IF NOT THE SAMlE 3EPEAT
1.1i.CSJ=INLC55+g. 19696
!!XLOSS=c'XLOSS'5. 19696
TESTI1RABS (DP 12 +LP23- INLCSS)

:ET ASS (023 5 CP5c- EXLSS)
INLOSS= UP 12*D923) /5. 19696
EXLC0SS= UPAS'Mi56)/5. 19t96

I F 1IALIZE 1 )1.OR. ITE S2. S 1 .J
C 13 IAL.ZINLET COND.TIONS FOR S3?CHG2-5

PTN P1A 4. 0
30 IIN=:2+459.7

D;25=0.3
C CC*IPUTE FITTING LOSSES

-. 00 '25 = '
TY PER WORi'(1, 2)
ZATA1IWOBIKR 1
ZATA.-=WORKR 1,2
OA TA'43= VOiiR 1,4
CALL FI:D% 4 C :Kl.PTINL:IA PrOJT :r:PV DA0:;-A2,UDAA3,

+ DATA4 YPZELPALFaO ,' LS
+ iv;; r' 3,O.,RHOCC,Z6)' zAWiOJ.3iCBVJI

UPhS=)P 25'DEIP

PT : =l PT Cu T
C 0A21l IS RESULT OF MOIENTUI TRANSFER 7ROM EXHAUST TO COOLING

*C FL-,C'J
I F (T YPEZ.EO. 15) GAINUDELP
IF (TYPE.E 0.26) I-MOD=TOUT

35 CONTIN.UE
C EXIT PRESSURE SHOULD BE ET5, IF NOT REPEAT T! TC

TEST=ABSJPTOUT-PT5)
IF (TEST. LT1.0) GO TO 40

C NEXT ITEBAT ICN IS UCN E WITH INCREASEZ COOLING FLOW, INCREASE
C UNTIL SYSTEM IS !IATCdEU:

WC=WO+O.1
* GC TO 5

40 CCNTI:iUE

I3 4



c 3YS:SYJ Z5 lATCHED, JUl'01 3551:5
71 cA::L Cu.UPT(.:,O pohilo i,,NT 3 W ORKF, :P,74IPV,:NLCSS , XLCSSwc ,W 2 ;8 ;s, iF sC,:54,,G,SERzIt ZICD)

DCZ5=4225/5 &

z?56:;5/5.19696
O UIUT BRAAiCH LOSS SONI1ARY

wai::s (',601) ;1 , :P?25,zP3 5,DP 56 , DP225
50) coNRUNDE.
coJO F C 5AAT (I ?OWE3 POINT IS NOT ON Ira PELFCRMANCE 'AP'aolj FOPjAT(/5X,';OSS BRANCii 1-3:',,F12.2./5X,:'CSS EFANCH -:',Fi1.+ /5X,'LOSS BRANCH 3-5:,?12.2,/5X,'Loss BRANCH 5-6:Fl2!)'



C FAN IAT:HING SUEEODTINE C
C Cp THIS SUBROUTINE PRODUCES THE NEXT GUESS AT* COOLING FLGOW 3Y CC LOCAT-'NG THE liTE-RSECTION1 OF ISE SYSTEM ACDEL CZORVE AND THE C
C FAN CHARACTERISITC CURVE. C
c C

- -SJBRCUTTNE FANAT(WCTOPOFADPRHOSTD,C.iO CFMMAXDPIAXK WCN)
R EAL CF3STD DPSTD,;ICSRHUSTD,FANDP,P,,C,C,.F.1,wcNi,C Jo,CFHmA

C 'GAS CCNSTAWT
DATA R/53. 3424/IC CONVERT :i&S ELCUR TO STANDARD VOLJME ?L311 (CYLI)
CFPSTD=WC/EHOS Tt*60. 0

C CONVERT FAN DELTA PRESSURE TO STANDARD CONDITONS FOR THE FAN
DPSTD=FANDP* (RHCSTD)*R* (TO.459.7)/ (P3*114L4.)

C C IS THE PRO POP.TIONALITY CONSTANT FOR T-HE Q~i*&ZD FATIC JODEL ASSUMED
C TO REPRESENT THE SYSTEM

IR-S TD/CF S ID * '2
C CrN IS THE INTERSECflON OF THE FANl CHARACTERISTIC AND SYSTEM
C MODEL

CFN= (2.O0* K *OFNM5AX S i t? (.* K *C FMMAX) *2-4. 0* (K-C)' (K'C FNMA X"2

SCONVERT CF. TO MASS FLOW
WCN4=R HOSTO 'CF.160. 0
RETURN



c "

S±c C3MPUTE OUTPUT SUBROUTINE: PRINTS .5XSTE.1 DATA C

C THIS SU3ROUTINE RITE5 TO THE OU'PUT FILE. IF YOU 'lAVE IN CUTPUTC
C FILE ALRELk3 IT WILL BE WRITEN OVER BY THIS PRCGrk!. I 1 OU C
C WANT :0 SANE TEE PREVIOUS 3-SUL:S, RENA.IE THE FILE. IF YOU ADD C
C OF CHAN3! FITTINGS YOU !UST .AAK! oOCE CiANGES HERE. C

S3BROUTINE 3UTPVT(0,P0,HUMI3,HPlNP,.I iOEKI RP cF l V, ILOSS,
+.. EXLCSS XctWC,W : .,,, AL OS
REAL TOPO,HU3Ir AP !'ETDP.FIlPV,;: L6SS, O 6,,TN

" INTEGER N,'ORKI.ZERIL 'TfPE '

RITE 4J,600) SIAL, T(.20.H31D,i UP
WRITE (4,6011 INLOSS, EXLOSS
TCD=T fOD-459.7
WRITE (4,602) WC,W2,W8,PB,T8,SFC,T5,NG,TOD
DC 100 1=1 N

DFJI)=DI)/5. 19696
TYPE=WORKI(I,2)
FITP7 (I)=F I TV(I)/5.19696
GO TO (I2,3,:4,5.6,7.9,10,11, 12,13 14 15,16,17,18,19,20,

+ 21 22 234 2s.5,26,27 28 29 30) -PE

I WRITE J4 603) W6EKi(I,1) ,WOiKI(I,2) ,D§(1),FITPV(I)

2 WRITS (O 6'0 4-1 MRK(I . l),WORKI (1,2,OP(I),FITPV(I)

GO TO io5 I1,OK £2 PI'','-T-V ,.3 WITS 4, 605) WORKI(1,1),WOR r,l,2jPP( ),FITPV(I)
GC TO a0

'4 WRITE J4 606) WOR KI (1, 1) 7~ORKI (1,2) ,D()F?(.

5 WRITE 4.607) WORKI(I,1),WORKI(1,2),OP(I),FITPV(I)

6 WRITE 4 .608) WORKI (I,1),WORKI (I,2),DP(I),FITPV(I)

"GO TO 10o7 ;RITE 6) WCRKI(I,1),OWCRK(I,2),DP(I),FITPV(I)

GO RTO (1061 ORKI(I,1) ,3O&KI (I,2),OP(I),FITPV(I)GO To 1060
9 WRITE (4,611) WOEKI(I, 1),WRKI (1,2) ,DP(I),FITPV(I)

GO TO 100
0 WRITE 10) 612

GO TO 106
1O TOR oSI 6 61)WOR KI (1,1) WGCRKI (1,2) ,DP(I) ,FIT PV (I)

12 WRIT 44.613) WORKI(I,1),WORKI (1,2) .OP(I).FITPV(I130 To 106
12 WRIT 404615) WORKI(I,1) ,WORKI (1,2) ,DP(I) ,FIT2V(I)

GO TO13 WR7Tv (4 615) WORKI (I,I),WORKI (1,2) ,DP(I) ,FITPV (1)
G TO Io6

16 WEITE 4618) WORKI(I,1),WORKI I,2),0P(I),FITPV(I)

7R15 WR AE 46617) WORKI (1,1) ,WORKI (I,2) DP(I) ,FITPV(I)• GO TO0 0o

16 WE ITT G1O8T1) WORKI(I,1),WOR KI(I,2),DP(I),FITPV(()
Go TO 1 00

19 WRIT (4621) IORKI(I ,1),WORKI(I,2),DP( I) ,FITPV(!)
GO TO 06

20 WRITE (1462) WORKI (I,1),WORKI (I,2) ,DP(I),FITPV()
GO TO T06

21 WRITE 414623) WGRKI(I,1) ,ORKI(I,2),DP(I),FITPV(I)
GO TOGO WRTO 0623 WOPKI (1,1) W~ORKI (1,2) ,*DP (I) ,*FIT PV(I)

23 WRITE (4,625) WORKI(l,I) ,WORKI (1,2) ,0P(1),FITPV(I)

0

. -_. - .. 1 .



30 :10 1300
25 R : (4 ,627) V0RKI (1, 1) ,70B KI (1,2) ,ZP (1) , FITPV (I)

25 ~ R IT 46627) WOaK I(1, 1) , WTEK:(I ,z) 32(1) ,FITEPV ()

27 W T 4,662 5) WORKI (I ,1 ) ,WORKI (1,2) , P(l , FITPV (I)

GC0 TO 0

39 SdR ITZ (4631) WOR KI(I ,1) , 0RKI (1,2) ,OP (1) ,FITPV (I)

1%30 CC NT I 4UE

600 FCEMAJ//,' TIS PE9FOR5LNCE allN WAS DEVELOPED FROM DUCT DATA I."
*E, ',/ INLET :ONDITIONS: AIIBIENT TEMP (DEG F)itFO.,

4 ' IEE1T PRESS I2S1A) ,F.2,/
+ ' .ULIDITT (GRA S) ,1./
+ H CF.SEPOWZR: ',12 1,

* ' NET (RPMf) : :12:1V
601 +FO RMA I(# 8 ENGINE DUCT LCSStS (4...) INILET,F8.2,3X, 'EXHAUJST,,

62FGiRIAT (' NGi NE PEEPF0RMNCE PARAIETZHS:'/
+ WC=l F10 .2, 1 LBM/SEC'/,
+ W 21 F10 .2, 1 LBSfSEC'/,

W ' 8=1, F10 .2,'1 LBM/SEC'/,
+ I P8=1, F10 .2,' 1 SIAl/
+ I T8=5 1 Fl0.2, I DEGEl
+ I SIC=z F9 3 ' 34' FUE/P4d,
* T54= , FlaO. 3NS/

*E , P IPOUT=' F10.1,1 DEG V
*FITT ING FIT7ING PRESSURE LOSS iELOCZ-.Y PRESSUR/

+0 ID TYEE INCH W.G. IN4CH W.3.'/
603 FORnAT I6,7X,12,9X.S8.2,9X,F8.i, X,'INTAKE SHAFT INLET')
604 FORMAT 16, 7X,72,9X,F8.2,9X,F8.2, X,' STRAI:;dT DUCT')
605 FORMAI I6,7X,I2,9X,F8.2,9XC,i8.2,34',EL3W,.:4iD,S 0CTH9 RAC')
606 FCRIIAT 16,71,:2,9X,5-8.2,9X,EF8.2,3X,' EL.30,.r:4 D~ SEGM-~ 90 DEV')
o0 7  FOEMAT lo,7X4,XF.,xF..x'LO,~TaDa5N'
608 FORMIAT 16,7 712,9,z-8.2,9X.F8.2,3X,IFL3W,,1-ITBED,.EC:'I
o0 J ICE AT 6,7X:,29 ,FB.2,9X,fd-.3l.'EL30W,ZLECT,SMI00H RAD')6 610 F0I AT I6,7 , 2,9X,:83.2,91,Fb.2,3X,'ELBW,aEC:,SMfCO-H aAD /SPLT')
61l F C EMA I6 7x, 2,9x,F8.Z, 9X,F5.2,3X, 'EL30W,REC-:,IIIEEED 4Hz
612 FOEIA: 16,7x, 2,9x,F8.2,9X,F8.2,3X 'ELBOW EEC :CONV/DIf :Lcdw,)
o13 FOEMAI 16, 7X,12,9XFd.2,9X, Fd. 2,3x; - ELfLOiLZSdAPED)
614 FO RMA : I6,7X,I2,9x,F8.2,9x,E83.2,3x,'ELacwsIN DIFF FLA.-iES-)
o15 FOPIA: 16,7X,12,9X,.2,IXF.,,3X,'RA.CHDIV IYE' )616 FCi:!AT 167,2,XE.,9'823x'lI Sa.CT DIV Y'
6 o17 FCFMAI 16,7z z2,9X,F8.2,9X,r8.2,3X,' EA 4C!COk1V ;YE'l
613 FCFMA7 I6,7Xl ,x?.,xF.,x'A~ S-CT CON7 IV
619 ZOGY.AI 16,7 ,2,SX,Fu.z,qX !8.,3,X,'DIF-,ZoNItALq)
o2J FPIA: - ,7X,2,9X,F8.2,9XE8.2,3X,'DIFF ,PLANE :N LN'
621 FOPMAT 16,7X, 2,9X,i'8.2,9X,E8.2),3X, 'OI!F,?YEAiID:AL')
6223 FC)FMAT I6,7X,~9,82 ,DF,
622 FCFMAT I6,7X,1.2,9X,F8.2, 9XF8.2,3X vCCN 4ITIc;RO:Ea
024 FO RMAT 16 ,7X,12, 9X,: 8 .2, 9X, IS. 2 3 XCO TA C I JN RC7')
625 FOSMAT 16,7X,I2,91,F8.2,9X,F9.2,3X,'SC.1E :-N DJC')-
626 FORiAl I6,7X,12,9X,F3.2,9X,I8.2,31,'LOUVER TAC
627 FOEMA: 16,7X,.2 9X F8.2 9Xc y9.2 F,'ILTER')

6281 :o~A 67,29,8.2 9X z8.2,.3X,'SIZ.ZNZ SECTICN')
b29 FORV1AZ 16 7X 12 9XF8.2 9X f8.2,3X,'GAS TURBEINE M
630 FCBNAT I6,7X:2,9X.F8.2,9Xx3:Z JA 'WASTE HEAT 3OILEi')
631 FORMAT 16,7X 12 9x F8.2 9X F8.2 3X, EXIT -BRUPT')
b32 FCFMAT 16:7X 7- 29X 78.2 9X F3.2 3i'Y0Ui HAOIC')
633 FORMAI Sh SE 7C Ti PT ATA iF ;N I4 OUR DI SK FOK 3!SUL:S')

FZIURN
END



FLOV CHARTS

.1. MAIN PR9c6RAm. NdO INPUT' OR OUTPUr VARI4SLES

FILE DEFiAltioNS

as RE)9 E fiRM, v4L
0(m WRlrlv6 r-o TNE rERP~niMAL.

019 DISK 17540461E, Dier ~.
04 DlsK STORA66E P-M~eA ~M*VC6

DO YoSA CALL
AvE A OUC NO LIL

DATA FIL B%L

Do CALL
ED 

AT

Am o.,IT

IN

CAL

ED)



JA

"i~WN r¢OM COMPUTE )¢O

QUITiso~

EXIT
UIT 31 STOP

SEX IT

Quit ) STOP

PRO ,IAM
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if UIL. SUB~ouT/AdE'

7-4~iEjE AR~E A/0 /NP' OR. OiAT Put VAC LSS

-O~R 7-uOS SUafloLurwAe, wVowEVER a LRoo 7-,v -cS

CAL-LED By THE~ SaLILD SL49RO(Afl-d DO

H.AWOLE /N~p4I qj%'o 0(rPcr D~rA.

CALL INST

0ErER~i#NEYT INS77MUCT70AIS

DES14A60 By 7wr idSER AND

TyPE OF TERP'1,MAL USER

1, PRSN

CALL SySrE",

7wMG SYS~rM Ci-AS51iF/C47/OA

/3 ErEgm.INED BY 7)4'S

SuaR~OwrltvE TqE S YS7W1'M

CL A SS t-4 iCO. SWOvA'

/RESE~dreo sy Th'EF

141



SEr I AP WOENTsFiCbXION W'ArMBEL-S

FOR SYSrEM SELECrED

Go -ro ( 1,2,3,4, 5, (), CLASS

C.LASC ~

CLASS~

CLASs~

C-LASS ~r

SEE T"W PRIEL InAJA
4
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DO FRODM

1=1uT Tp

THIS SLUBKOUTINE DLSPLA.S A, ME.NU TO
* T4 USrz. T~r UASER. MAKGS A

SELECTIOAJ FrROM TAIR.TYF-ITTINC,
CW0ICGS. -rNe FITrING ID NLU3 ER

FRv i-wE NGXT FlrTNG TO 'B INPUT7

TYPE >- YES
AND

To USER, INPUT N
NEW ID NUMBERK
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JNPUT A, SORL, GEOM<l), TY'PE

T4ItS SA3(?ONATIJe G3RAN0L4eS To TUE rITTIN(a

SELECTED FRomv ThL: MENLI.. I N ORMATioN

klBc,1T T1F FIT T IN( 6 1S C ON TA Q o IN

T4F ARRAXS WAOR.Kt ANO WO9A(j.

* CEOM(L): GEOM (t)4

* INIPLAT:' WGRKI , WORK R, M

OUTPU.F. NON)C-

TNig .SLAROLATINE VVPJTE.S A DCT C,'TA FILE

ON TVAE LASEk-S D1-K.

RErLARN To THE MAIN PP.OGRPAN



P4 ~hCa SL43 RO U7N (E D)

TkiRE 4PE NO NPrOtQ ~T PUT IA3

FOR? S .S iZc4--'L.1vE, -XiWSVE!, <

CALED r 7,4E ED -5u 7>Al,,' DO

41AlVDLEt /'PL4T AN~D DL.TP-r DA-,A,

RQEAD -rio

4O4c- DATA

NY

IFCHANGES

Fy D

'< D

OUTPUT ETE FILeOR CAL SuM o HED(cyDTIIe

6 RE~uRN TO MAI o(M

IFCAG



OF TWJE F~Ti~.4 IN TWE DU&CT

DATA FILE TO BF (-HANGED?

I USiNG TH.E MENLA IF NC-CrSSAR'(,

5ELE(-t TAE NEWJ rlrThNC, DEtE

AND ENTER IN AgArioP.. So tT'T

VARIABLES IN DU.i.C. PArA AtRRAY(S

4WI-TR INDEX Sr=LE(TE.D,, rA, MAY

13F LHANCE.D.

CM-. MENLA
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WHAT IS THE INDEX NUMSCR 1 m,
OF THE FITrN( TO 3G7 DELCTEDO7

DELE-TEO TAE6 LAsT E

FI LE

NU4MBERS WNITPIN TI.E

AFFE(-TED Z3RANLN So

CONSECLATIVE WITIN TI-HE

SRANL AND ARE AS.SoCiATEr>
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UNWANTED rITTIN6 15

DEICD
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WHAT IS~ THE INDEX NUMI3ER, Mi,

OF THE :ITT1NC4 THAT'THE

FITTING~ IS TO BE ADDED

OPEN UP THE DATA. ARXAYS TO A(CCEP7 THE

NEvV FiTTINGC-'S DATA AT THE DESIRED

LOCATION , INE N. +1. 'i-Ewo(?K T-H

A FIZCTrEb I-c N' AMP-E I N THE 6BRANC-I

WWEpr. THE PrITTING IS N DDED

CALL MENU
CALL SGLEcT-

DO Yo

WANT 7O NO A
PD ANOTHER
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SCOMPJTe- -SUBO(.kTING

READ 7WE7

DuCF- DATA

;'ILE

FINDfl OLAT Ti4e :SYSTEM CLAS5i :'(-ATION

CLASS= W'ORK(,0/I00000

BASED, ONI THE: SYSTEM CLASS I PICAT tON

NLAMBeR., SGT LAP TAE APPROPPiPATE

azNM~ O- 9ACE

TO MATCq- Tw4E 5YSTENM EXTRACT

IC FROM T~e Du&CF DATA T 4E AREAS

OF' C0NVE(RGiNc A ND DVE i;\4(..
WYES5 (ADAJB, ADWAC 1,ADwm, A,:AB,
ACWC,ACWrA) ANC) ANGLES CF

TLANCTIONS (ALFAC, ALPAD)

0 T0 T..4 FIR-S FirriNJ g OF A TVAN3CA
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THInS S((&tA-Q %S C.At~-G i3Y TNAP C-OMPLATE

SE(.TtoN 0;' T"E PR 4 ALL. \VA0kA13LES

AKE JNw F9,otv Cov11P !OLA1AJEC- -TH G FE
AMG o OLATLt VAkj3LP5 RCTORNED TO

Comp/ ALL O ATPIAT 5 WKI.-Tr:N -TD TrAC

PE-.;okrmAp4cE FILE.

SEFA LAP TLC ST'Aikr, AN~D STOfPipJ(,

(tOKES P-0f, TC- DATA A~kAYS FM'.

TLe 3IKAojckrES

TNMtALt2.E SYSrEM VAP.IA13LE3 FOX.

D A ..T LO0S E

NL-OSS '+.0 (INC.A.4 wG)

CDACA~off CGAIP
Gi4= -30.0 CPSF)

COOL I .J FLOWA PASSArC LOSS

LOSS = 30. 0 PS Fr)

COOLI pJc FLOWI

WC-% C1r7s AC.. RHOSrD,%O.o

BRANC..N INFJiO ?- MA Ti OPQ

DP( p4c Loo. o (PSF)

TMOD .71o.o 0 *'
'Pr - (p*14 4.O0D P

S A
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GET' ENGINE PERFOIZMAN(E PAKAMSTEkS

BASC- ON AM L-ie,~r (-ON.-r-,of#S,
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INTIALIZ.ED OR, C'ARIENT FLOWN
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10CL 
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PMA~joQ ?T54 LDSS

PSEC. PT574(GAP.J

V~rt~ PO 144. 0

BRANCM1 1-7. HAS C.OMBINED' COOL11(4

FOR EACAR FT-r1N(i IN 3RAMC*4 1-2.,

TO copuL PLe5SLA(ZE LOSS IPNI

Ti.4E F;rI'46I T~4 HE &M

T)PIZ-- DPIZ +DELP

I&T AE PRE=SStAPE LOSS FRCl -rPE

NODE 2- IS A YIAqrION- C.Ot'PLATE
T OTAL PRES5.RE AND~ [)N~-' AT NOD~E.

PT2 :Po *144 0-DPZ.

RHOZw (P7 Z- Pv)/((rO + 4 9-7) P)
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4MAIN Eftj(i fJG- VDm z/(wZ*A

COMPL4TF NODE 5 PARANIETERS. NOD 5- IS A
CONvF-GENT WYE, MI~XING STgtEAMS OF DiFFE~rir

* T'EMPRATAK.ES. 1; NJO NASTE- R4E.AT 301L&Z IS

INS-rTAL E -rMPE KATPrr OF TUE MiAit 13ZAAXLU
F-UNv;- FRoM TAG~ E-NG(,JE 1S:

TMAIN =T 8 ELSE,

~MAI4=V2.O+ 7o~I *iP)

CoMpL4TE TEMPiERATuARE IN C-OMB1INED EXI.AkkST STACLK

BASEOD ON rM XMKICl ENTwD4LOPY OF CDOLIPJG AND

~XAALST 5TREAA.

COOLIN (A £'.jTR LoP'(: I5&I4Is~5~FO

,.21041)*TYOD + 5,3073
LYx4ALkSr GNTHALON: fHtMAIN ( . 605IE-Ex F!IAIIJ +

I -Z2359) T< 1MIN + -41-j;3 90

4 + 4(WC/(W 3 WQ )* HSG(-

IF)(HAuSr -rUE-RATrLARe; T5=EO.O0O84I)-H5TAck-+
4 4.3 35 77),*4 STAcj<k-- 957 7



C.OMPATE AS.SUMED) DNSiliES AT' rJODE

RIO~~PTS/(R*T5)

Rvi 0(,8 PSEL./(R*Trlop)

PNO(,M~ PMAIN/(R T-MA N)

F

COMPUTC VELOLITiES AT No~r T BASED
S ON ASSUMED OF, CURK~rNT LT75ATbON DENSITY(

VCvF3 - WC./( RHOC8*AC-%JB)
VCW Cm (\tc +- /)(RoC( * A CWC)

LVCA/M: w&//(RWOCl* AC*rv)

ComPtATE T~4e VELOCITYP5RSARcJ

W OD E 5.

RIG:- RROCC* VC,.ACX *;-/(:2 0 *32 114)

PVm=FWoC.M *VCAJM *-2/(Z-- 31-1-74)

COMPOTiE TilE -STATtC PRESSURES AkOtAND

N ODE 5.

PSC= PT5L- ?VL
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05ASG'O GN STATIC~ PRGSSUAPES

RI~oCT~ PG/(R-rs)

H r-Qmr. PS M/( R kT1Al /q)

A RE
TME DIFFpRENCE

IBTWEErj THE ASSWr1ED

coMPUTED DENSITIES

IN TI LI E NL T-CONI) Tm ONS

TIN-- T5

S W= WL-+'A8
PTN --Po 144. O+DPS(o

SP6=U

0 FREc I~tc NBAC -, ALF'~

ToCSLT RS~ELOSI P iTN4
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ir PRE-SS"K~E FK-OM BKgANCHk S-(

MUX~ST BE ATM1OP"ER\C,ABONPR'

C~ONrITtON CQtAPARE L.OMPurTED
SOLITLEt PRF-SSLARE WITLI ATr41o5Pj.4ERIC

TE Sr e A5( P-ro U- 7~ Po*44-o)

is
TEST LESS NO
TH..AN I PS~

N'~EW INL-Er PRESSUR.E
yaIS COMPU4TED WAITH

LAST DF56

COMPUTE TOTAL PRESSI.ARE

AT' NODE 5
* PS~PO )44O0ifDPS('



FOR 5RANCH Z-.-3
PTIN -PTZ2

TIN -To t+gE9.7

OPZ.3 =0.01

R)R EA~CH. FITTIN t.J i13PANLW 2-3
* CALL FiTDP TO L.OMPLAFE PR.ESSItkpl.

LOSS IN TIE FITTrING, T1E SUAM
DPZ3 =DPzl tI-AFLP

IS -HO PRESS(ARE LOSS FOK -rTHE

INITIALL2 INLuET CON4DITIONS R

GRAmCH 3-S*
PTIN = P8 144.0

* TIN = TS

DP3ST- 0.0KFOR EACH R'irTING IN BiRAwcN S-t
CA 1L FiTDP TO COMPUATE PRESSuLI-PE

LOSI6-q ITN



WITH1 TOTAL FIZESSU RE AT NODE 5, PTS5,

COMPLATED EARLIER
TE-5r: AB35 (proUT- PT5)

4TS'- LESS WNO
WIAN I P5F

NEVY INLc-r PREssupi

S -CDMPUTEL-O WITR~
0 LAST DP39

SINCE~ ASSL(rM1D INLET AND EXWAoAS-r
LoSSES WERE LASED TO COM PL.ATe ENGiIE
PEiZFOKMIANCE, COMVPAKE AS uCD ANDJs

* COMP(ATEO L05-ES AND REPEAT ITERA-TiON
IF REQUuiRCD



No ES2=A5(D3 +pSOE ILSS)DELS

TEST Z GREATERO

-OD~IONJS FOR.

IPZ4 0. 0

FOR EACH- PITTING IN BRANCH Z-4, L-ALL

VF7P TO COMPUITE PRESSU4RE LOSS IN THE

:TIG k u P, P1 + [ELP

N

0



. .V~V . -.. ~~-

INITIALIZE INLET CONDITIONS

FOP, BRANCH 4-5". INLET

PRESSuPE IS A FUNC-rION OF

PAN CwARACTRI ISTICS AND

FLow

FIN = T4

* PTIN = PTOuT- + ( V -

wc/RosrD -O.O)-
C-'MAAX) Z +

DP MAX) * 5 I9%
Dp4S- = 0.0

FOR EACH VITTING IN 13KANQ]

1'4- , CALL FITDP TO COMPLT[-

PRESSURE LOSS IN TIE FITTIN6.

THE SUM DP4= DP45+ DELP
IS THE PRESSURC LOSS FOR
TIE BRANCH

00



S?

EXIT PRESSURE FRoM 3RANcJ-4

1-S- MUST 1E FQLAAL TO 'f-5
TESr ABS (PTOUT -PTS)

YES INCREASE THE ASSI$AMED

COOLING FLOW A 5MALL

AMOUNT AND RF-?AT
1TEgATWN

=W woc +

SYSTEM I S MATCHE-D

CALL (U TPLAT AND PRINT

. YSTEM R._SULTS TO TAE.

LAS ER'S DISK

RE TUARN TO MAIN
PROcGRAM



I ~~. PIrrINC, PRES-SaRJE LOSS CALCUtLATIONl

SUBROLITINE. SET-LAP T-0 COMPUTE

Pt?iSUR, LOSS AND VELOC1IrY VA-TA FOR?

30 F17rTJ1V46 LISTED !N TI-4E MIENUJ

DA T11

645 COAJ7vT-,N, R: .3q2-4

RI6qA RaiiJ5S s =0 000/5-

C OMp u re VIsc osifry OF- A / R, fl1 u,

AS A FU1OCiON OF 7EMPERATLIRE

ASSUME A VALUE FOR? RHO

?)o P7-IN/(k* TIN)

COMIPUTE VELOC.TY OF FLOW1

V= W/U(i40 X DA7Al)
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(-OMPLATE F'RESSURE VELOCIT-

Pv= R o)v-2/---3 -4

COM P(ATE ,STATIC. PRESS.&(ARE

E PS =-PTIN - PV

COMPcATE' DEN-SITY OF GAS ENTEiZINgz

FIT"TIN?2 LASING PCZJFC.T GAS LAWA

RkOr = PS/(R*TIN)

COMPARE L-OMPu&TED RH4O AND

ASSU'iEo RHO

TEST -A3(RWOT-Rw40)

TEST 6RE-ATEz YE

COMPLATE REYNOLDLSA

0UB-

0 R O ,DTA 9V ML
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SIMPLFE FITTING2, COE~I'N (DATA;-) TiM65O~ VEL.OLITY PRES5IZRJE

DP= DATA3 * PV'

PTOUT zPTIN -DID

TOUT =TIN

STRAIGWT DL4cr, FRCTloN 1rAC7opF, TIMES .L
D

TIMC-5 VGLOLiTY 1'RGSSURi L:DATA3 D:DATAZ

0 F O-S/(A L~OG10(E/3.1 * ]rA -2.)) i

5 -74/RN ** Oq**

DP= F * ATA3/ATAZ tPV

PTrOLT -PIN - 1P

=L'BOVY W1Th4 RCYNOL05 NUi'Si8R

CORREC.TION FACTOkR

KRE = 1.3701 -0. 1485-*ALOG (IZN I E-1)
DP ' DDTA3 * KRE A PV

TOLAT = TIN
?TOUTr xPrIf4. - Dp

0



SM~OOTH RADLAS REC-TAMN(ilAtAR. E LBovJ

Q WITHOULT VANES, R1'YE,.JOLDS NUM13ER C-0RRFZELTIJ

F -AlBLE IN Ti APLTN

Rtk>OOOO - KR.E I.-I T.~E

C= DATA-3

TQOL4T --TIN

PrOLLT -PTIN - DIP

BRANCH SELT-ioN OF A DIVERG-INcG WYE. LOS S

H IS DEPENDENT ON VELocIrIE-S IN M1AIN SECTIOJ

(VPWM), COMBINED SECTION (VDWC), BRANCH.

SELTION(VoWlB)AND DIVF&R(6ENC.E ANGJCLE

TE ST'=(AD\wrM- Ar INC-... D A C.

Is
NO TET..5 YE s

KZ(((.591sq47 E-8 *- ALFAD 41- k
38 0q-) AALPA D4 5 t - 5) R R vc/vd1

* ALFA +I-O'iE-3) XALFA D IF RR>.8 K1=O.9

4 0000017 :K*.Otdw/vd)%-

C:I0 + (iDW3/V'pWC)** 2 -2.0 2.OA-(VlDVJB/V DWC-)* LOS(ALFAD/

9 VW(1D C0)'ACS(ALFiA/ 673))
* 57 3) -KZ *(V/D~v~iDWCy,*

Pv P.140 * vow(-C *% 2./(2. 0 * 32Z 1714)

PV :RHO0 *VDWB4N* 2/(2 D *3)2.17'4)Q
PTOUrt- PliJ- PP

0 TOUT TIN



MALN SE(LThOor-4O A mvEziAJ(G w-fr
Coer-i(LtNr B3ASEr) ON VeL0CITY K.ATio

C~.4(I0-VDWm/ wL Z

P= RH.O * VDWC*XeZ/(Z.O*3l 1-74)
DP= C.* F'V

PV= RO *VDW/M **~2/(Z-o*32l74)

ProtrT PTiNj-Df'
TOUT TIN..

BRANLH SELTI0N OF A CONU16gQwN(, VYC

Acvwc *(Vcwm/vcwc)xZ -2.0Y AC!3
*A(CI,*JC. /VL~i )AZ CO5(ALF-AC/5.-7)

op a c * Pv
PTO 'T =PT IN -DI
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Kt~4 I,1* (VCLWIA/VCJ),* 2--~ +
ol (AL FA C/6civ0) X-(Cv ,/ C WC* 

P ,TC Sur 4 oT T- E pp= .
CTz 1- -: c P t vlA/1cN W C -2.) A M
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DIF F LSERS

L S QKT (4 0O*PArA 1 /3.1 16ir)

RN = RKO*L ?V//M1

LAMDA - .3144/RN *,*o.2S5

CFR = VATAZ *LAMDA

C =C FR +. DATA 3
pp c *Pv

PTFO(AT PT IN-DP

PTOUT = TIN- P

* ~~~DP= (ATA A PV*-AT) 5q'

PTOLAT = PTIN - DIR

PTLT= TIN -O

TOT= I

0



CGA5 rL'ARr5p.J MOD'.LLE 6E. LM-Z,50o

o L055 B3ASED ON MAS5 FtO0VJ RATE OF
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0
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APPENDIX C

USER'S MANUAL

A. GENERAL

The purpose of this program is to dndlyze a marine ads

turbine installation or, board a ship complete with irlet,

exhaust, and cooling ductwork. The luct geometry must be

input to the program to accomplish this. The program makes

a file called "duct data" which contains resistance informa-

tion on each fitting entered. This file may be edited with

the built in editor cr if the user is satisfied with the

* current design the file is read by the program and used in

the COMPUTE section ol the program. COMPUTE uses the duct

data file and inputs dealing with the operating point of the

engine to proluce the performance parameters of the system.

IPerformance includes both engine parameters and duct losses.

All procedures in the program are accomplished using an

interactive terminal session.

There are two versions of the program discussed in this

-
M  user's manual. Version 1.0 is implemented on the NPS IBM

3033 comuter. Version 1.1 is implemented on the NPS VAX-11

comp uter.

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 program

execution and help produce reasonable results. The most

critical area for familiarity is in the BUILD and EDIT

* sections of the program. It is not so critical in the

COMPUTE section of the program because only two questicns

are asked for each operating point run after the amtient

conditions are input.
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B. PBELIflINARY

The program does not design ducts or read mechanical

drawings. The user Flays a vital role by interpreting the

system icr the program. Some fittings are easy to recognize

such as elbows, straight duct, transistions, diffusers and

contractions. Some aze harder to understand, like diver~ing
and converging wyes. Each fitting listed in the menu is

sketched for the user. The sketcnes snow a typical view hut

remember that the dimensions shcwn on the drawings are vari-

4able inputs so the configuration car. change drastically by

looking at a fitting over the range of variable dimensions.

Before running the program the user should bEccme

familiar with the fitting sketches. Comparing the sketc. to

the fitting to be modeled will assist the user in preparing

a list of fittings fcr the system. The user should note the

dimensions and be prepared to input them to the program.

The program looks for fittings in a definite sequence.

4Branches are groups cf fittings or sections of the ductwork.

Branches run from node to node. A node is an entry, exit,

junction, fan, or engine. Refer to tigure 2.6 for the

various system configurations. iodes are indicated in this

figure hy tne numbered black dots. Nodes have numbers from

one to six. The branches get their number designation from

the end point nodes. The user shoull become familiar with

the system schematics then it will be easy to understand the

crier that the program will be asking for fittings.

Branches are entered in a sequence from the lowest number

node to the next lowest number node untii all fittings are

entered. For example, a class three system enters branches

in the following order; 1-2, 2-3, 2-4, 3-5, 4-5, 5-6. To

assist the user when entering fittings the pro;ram displays

t.ae current fitting identification numner on the screen with

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

tranch number and the last two numbers are tne sequence

number of the fitting in the Lrancn. A terminal sessior 4-as

teen recorded and the printout annotated to show tnis

number.

It would be helpful to pencil in tha rnode numbers in the
system drawings. The following table may help.

TABLE 11

( Bode Designations

1 Main air inlet (engine only or combined)

2 Cooling air inlet or divergent wye
off main inlet

3 The engine

4 A fan

5 Cooling air exit or convergent wye
with main exhaust

4b6 Main exhaust (engine only or combined)

The user should prepare a list of fittings organized by
branches and continuous with regard to the sequence or

fittings. It's the old "toe bone connected to the fcot

tone" idea. As an example, the following list may help.

node 1

vert intake, 3 orifices, with louvers

straight duct

rectangular coztraction

smooth radius rect elbow

node 3

etc.

Do not Corget to include abrupt exits where they apear.

Sometimes it is easy to overlook an obvious fitting such as

the engine module as part af the cooling air ductwork.
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Cnly the class one system does not have either a diver-

gent wye or a convergent wye. Zlass three and five have

both. The divergent wye is fairly straight forward. The

user only needs to enter the areas indicated in the sketch

and the angle of divergence (0-90). The branch section of

tfie divt=rgent wye is the first fitting in branch 2-4 (2-5 if

no fan) and the mair section (coLbustion air) is the first

fitting in branch 2-3. The combined area and the divergence

angle are data entered when entering the branch of the

diverging wye. The convergent wye is a more complex. It is

located at node five. The branch of a convergent wye should

be the last fitting cf branch 4-5 (2-5 if no fan) . It will

usually he the fitting after the module. The main section

(engine exhaust) of the convergent wye is the last fitting

of branch 3-5. Usually there are just two fittings in

branch 3-5. The first is the nozzl-e or extension bolted to

the exhaust plane flange of the engine, and tha last is the

main section :f the convergent wye. The combined area and

convergence angle are data entered with the branch section.

The convergence angle is usually zero and the combined area

is abcut equal to the sum of the aain and branch areas.
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FITTING NAME: I NUIJBER: I
Vertical intake shaft with side orifices, 31
with or without louvers

SKETCH:

I _

INLET

I
SHAFT
AREA OPENINGS

WITHOUT LOUVERS 2 3 4

I WITH LOUVERS
INPUT EQUIREl ENTS:

1. The number of orifices (1,2 3,or 4)
I 2. !he cross section area of tUe verticalshaft

3. ;ith two orifices, whether they are adjacent
cr cpposite

4. If there are louvers installed

DUCT CATA FILE ENTRIES: 1
WCKF (II) WORKR(I,2) WORKR(I,3) WORKR(!,4)
shaft 0.0 resistance shaft
area coefficient area

REMARKS:
The icuvers are flat plates of standari configuration.
The opening areas are not required tut should be
approximitely proportional to those shown in thes etch.

REFER7NCE:
Handbock of Hydraulic Resistance, Idel'chik
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rFITTING NAME: I NUMBER:
CStraight duct, rcund or rectangular 1 02

SKETICH:

DI CIRCULARI

bi j RECTANGULAR

So

L

I NPU1T RE;QUIR.EMENTS:
1. Round: diameter and length
2. rectangular: cross section dimensions (a, b)

length

[5CTIAAFILE ENTFIES: -

I WORKR 1,1) WORKR(I,2) WORKR(I,3) 14CRKR(I, 4)
section diameter or length secticn
area e quivalien t areaI

REMARKS:

Equial~t ciculr dimetr coputd fr rztarngulaK

I short fittings and to the start or en3 of a longI* 1 ~ ~~fitting. ___-____

IREFEEENCE:
M echanics af Fluids, Shames
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FITTING NAME: NUAIBEE:
Smooth radius round cross section elbow 03

SKETCH:

THETA

• -- ID

INPUT BEQUIFEMENTS:
1. Cross section diameter
2. Radius of the turn measured to the centerline of

the section
3. The turn angle

DUCT -ATA FILE ENTBIES:
WCBKF (I,) WOKR(I,2) WORKE (I,3) WDRKR (I,4)
section 0.0 resistance section
area coeficient area

REMARKS:
Turn angle should be from 0 to 90 iegrees.

RE*E__NCE:

ASHRAE FUNDAMENTALS 1981, chapter 33
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FITTING NAME: NUMBER:
Segmented round cross section elbow/ J4
3, 4, or 5 segments, 90 degree turn

SKEICH:

THREE SEGMENTS SHOWN

(THERE MAY ALSO BE

FOUR OR FIVE SEGMENTS)I

90 DEGREES 1 ..

D

IINPUT FEQUIREMENTS:
1. Numter of segments
2. Cross section diameter
3. Radius of the turn measured to tae centerline

of the turn

DUCT DATA FILE ENTRIES:
WOE _I_(1, 1) WORK 11,21 W RKR (I_,_3) _ _0ORKR (1,4)
section 0.0 resistance section
are a coefficient area

REMARKS:
Note that t -9 numter of segments inciudes the entry
and exit segments.

REFERENCE:
ASHFAE FUNDAMENTALS 1981, chapter 33
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F T I N G N A M E : 
U . B E

Mitered round cross section elbow 
05

SKETCH:

* OPTIONAL CASCADED
VANES

THETA

V .----. __ _ - __ _ _ _ _ _

:" 
D '

rL

INPUT FE UIREM ENTS:
1. Cross section diameter
2. Turn angle
3. Whether or not concentric guide vanes are

installed

DUC DATA FILE ENTRIES:
WCRK (11) WO KR (1,2) WOF. K (1, 3) WDhKR (I, 4)
section diameter resistance section
area coefficient area

REMARKS:
A Reynolds number correction is applied to this fitting.

ASHAE FUNDAIEN-ALS 1981, chapter 33
I.--- -J - - - -

6I

181

0o



FITTING NAME: UBF
Miterezd rectangular cross section elbow NU6~C - without turning vanes

3 SKETCH:-

IW

INPUT BB UIREMENTS:
1 Hei.ght of the elbow, dimension parallel to turn

axis
2 idth of the elbow, dimension in the turn plane

i section hydraulic resistance section 1
area diameter coefficient areafR EMARKS,

This fitting has a Reynolds number correction appliczd
to tbe resistance coefficient.

EFERENCE:
* f ASH.AE FtWDAMENTAIS 1981, chapter 331
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FITTING NAME; ]T NM B EFSmooth radius rectangular elbow witnout 07
guide vanes r

SKETCH:

HET

iW

INPUT FE UIREMENTS:1. Height of the elbow, the aiaensioL parallel to theturn axis

2. Width of the elbow, tLe dimension in the turn plane.1 3. eadius of the elbow measured to the centerline of~the elbow.
4. Turn angle

DUCT DATA FILE ENTFIES:
WORKP LI,1) WORKE (I,2) WORKR(1,3) POPKR(I,4)
section hydraulic resistance radius/
area diazeter coefficient width

REMARKS:
This fitting has a Reynolds number correction.
The correction also varies with the R/W ratio.

4

REFERENCE:
ASHRAE FUNDAIENTAIS 1981, chapter 33

4
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FITTING NAME: T NUMBER:

Smooth radius rectangular elbow with | 3splitters
SKETCH:

TWO SPLITTERS SHOWN

(THERE MAY ALSO BE

ONE OR THREE)

INPUT FZQUIREMENTS:
1. Number of sp litters, 1 2 or 3
2. Heiqht, distance parallel to turn axis
3. Wid h, distance in turn plane
4. Radius of eltow to section centerline
5. Turn angle

DUCT LATA FILE ENTEIES:
WCRKti{IW1)  OEKR (I,2) WCRKR(I,3) WORKR (I,4)
section 0.0 resistance section
arEa coe~ficient area

REMARKS:
None

REFE5ENCE:
ASHRAE FUNDAMENTALS 1981, chapter 33

i6
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FITTING NAME: N U1B E:
Mitered rectangular elbcw witn vanes 09

SKETCH:

A REA [ "II

*t

THREE VANES SHOWN

(THERE MAY ALSO BE

ONE OR TWO)

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

DUCT ZATA FILE ENTFIES: 1
WORKl (I,1) WORKR(I,2) WORKR(I,3) WORKR(I,4)
section 0.0 resistance section

area coefficient area

REMARKS:
Flat plate turning vanes are used.

REFERENCE:
ASHRAE FUNDAMENTALS 1981, chapter 33
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FITTING NAME: NU,1BEi :Bectangulir elbow with converging or 1
diverging flcw

SKETCH:

H

WO.
wo I

W1

INPOT FEQUIP.EMENTS:
1. Inlet height, dniension parallel to turn axis
2. Exit heigt dimension parallel to turn axis3. Constant wluth, dimension in turn plane

DUCT LATA FILE ENTFIES:
WORKR (I, 1) WORK(I,2) WORKR (1,3) WORKR(I,4)
inlet inlet hyd. resistance outlet
area diameter coefficient area

REMARKS:
- Elbow should have a 90 deg turn.

The width should remain constant in the elbow.

-- - --- --1
RFERENCE:
IASRHAE FUNDAMENTALS 1981, chapter 33
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FITTING NAME: NUM3EF:1
Two 90 degree, rectangular elbows in a

shape configuration i

I-SKETCH:

IW

INPUT REQUIREM~ENTS:
1. Heiqht of elbows, dimension parallel to turn ax:
2. Width of elbows dimension in turn axis
3. The distance tetween the centerlines of the offset

duct

DUCS EATA FILE ENTRIES:

WORKR (I, 1) WORKR(12) WORKR(I,3) WOhKR (I, )section hydraulic resistance sectionarea diameter coefticient area

REMARKS:
None.

REFERENCE:ASHRAE FUIDAMENTAIS 1981, chapter 33
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FITTING NAME: NUMBE.:r - Two 90 degree elbows in different )lanes 12

SKETCH:

INPUT SEQU.IREMENTS:
.-~~ -. Heig~ oelwdmension parallel to turn axis

2. Widto.O'feelbcow, dimens ion inL the plane of the turn,
_ 3. Distance between the centeriines of the duct
m] connected to this arrangement

DJC7 CATA FILE ENTEIES:WOR KP 1, 1) WORKR(1,2) WORKR (1,3) WOERI(I,4)
section H dyeraulc resistance section
2r 4d elaeter coefiient ar ea

• REMARKS:Resistance coefficient is a curve fit to the
tabulated data.

. REFERENCE:ASHRAE FUNDAIENTAIS 1981, chapter 33

~188
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Diverging wye, branch and main sections 13 14

I SKETCH:

*Vl COMBINED INLET AREA
,."' (ADWC)

/ ALFA
a

II Ii

BRANCH
AREA i MAIN JET AREA

(ADWB) (ADWM)

INPUT FEQUIREM ENTS:

A. Branch section B. Main section
1. combined area 1. zaia area
2. tranch area
3. divergence angle

I-DJCT DATA FILE ENTRIES: (fittin 13)
, WCEKF(I 1) WORKR(I,2) WOUKR(I,3) ;iOFKR (I, 4)
,"comhine branch divergence tranch

area area angle area

REMARKS:
The divergence angle should follow some centerlire
streamline. The areas are cross section areas
perpendicular to the streamiine in the sections
away frcm the dividing location. Coo ing air flows
through the Dranc2 section. Main inlet air to the
engine flows through the main section. Both flow
through the combined section.

REFERENCE:
- Handbook of Hydraulic Resistance, Idel'chik

189
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FITTING NAME: T NUM 3-I. Convergent wye, trancn and main sections 1 15 & 16

SKETCH:

SCHEMATIC

I t MODULE EDUCTOR

COMBINED

AREA

(ACWC) COMBINED

BRANCH•~~ E AE -1 UC

ALFA WB)
i. MODULE

MAIN (RECTANGULARE
MAINCONTRACTIONf OLLECTOR

AREA

(ACWM)'a
INPUT EEQUIREMENTS:

A. Branch secticn B. lain section
1. branch area 1. main area

2. ccmwined area
3. convergence angle

k3Cl LATh FILE ENTEIES: (fitting 15)I WORKF(I 1) WO2FR(1,2) WC KR(I3) W3, DE K 1 )
combine 9  branch converlen ce branch
area area aLgle acea

REMARKS:
The branch area has mojule cooiing air flowing through
it. The main area has engine exhaast flawing throuh
it. The combined area has both. The anile Shouid te
measured to representative streiamiines a the piane
where the two flows meet.

REF E ECE :
Handook :f Hydrauiic Resistance, Idel'chik

0
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FITTING NAME
Conical diffuser 17

SKETCH:

DO D

6 1 L

INPUT FEQUIREMENTS:
1. Length of the diffuser
2. Inlet diameter
3. Cutiet diameter
4. Is tnere distorted flow at the inlet
5. Are taere dividinz wall or baffies installed to

reduce resist~rce_

DUCT DATA FILL ENTRIES:CRKE (1II) WORKRII,2) WjaKn (!,3) WDFEKE (1, 4)inlet friction flow outlet

area coefficie nt coefficient area

REMARKS:
The Frogram recognizes a wide divergin, anjle and
warns the user. Resistance in this case ma'; oe
reduced by 35 % with installation of oaffier.

REE ENCE:
Hfandtook of Hydraulic Resistance, liel'cnik

0
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FITTING NME: N 0J!BF:
Plane in-line diffuser 1

SKETCH:

0L

IINPUT BEQUIREMENTS:
1. Length of the diffuser
2. The constant heigth of the diffuser
3. The inlet width
4. The outlet width
5. Distorted flow
6. Installation of baffles

D)UC "ATA FILE ENTFIES:4.WOfiKR(I,1) WORKRJI,2) WORKR(I,3) WORKR(1,4)
-~inlet friction flow outLet

area coefficient coefficient area

REMARKS;
The divergence is assumed to be uniform vita respect
to the main centerline. a wide divergence angle is
recogqnized and the user is as~ed if dividing walls or
baffles are installed to reduce resistance.

0

REFERENCE:
Handb~ook of Hydraulic Resistance, Idel'chik
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FITTING NAME: NNBER:
Pyramidal in-line diffuser

SKETCH:

\I

Hi

L

INPUT FEQUIREMENTS:
1. length of the diffuser
2. Smaller inlet dimension, larger inlet dimension
3. Dimenstons parallel to inlet dimensions
4. Non-uniform velocity profile
5. Are baffles installed

DUCT DATA FILE ENTRIES:
iCRKB (I,1) WORKR (I,2) WORKR (I, 3) W3RK.(I,4)
inlet friction flow outlet
area coefficient coefficient area

REMARKS:
A unifcrm divergence with respect to the centerline is
assumed. Wide divergence angle is recognized by the

rogram. with wide angle e flow resistance can
ede~uced by I5 with baffles or dividing walls.

REFERENCE:
( Handhook of Hydraulic Resistance, Idel'cnik

1
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IFITTING NAME: NUMBER:
I Transition diffuser,* rgund to rectangular 20

or rectangular to round
jSKE TCH:

SW

tT

•- o

4.

INPUT EQ 1IREEK EN TS:
1. MTanner of transistion
2. Diameter
3. rectangular diRensions
4. Length of the diffuser

*5. Non-uaiforma velocity distribution
6. Installation of baf les or dividing wills

DUCT DATA FILE ENTES:

inlet friction flow outlet
area coefficient coefficient area

Unifcia divqrgence with respect to the ceterline ie . divergence angle is recognized and if
baffles oradividing walls are installed the resistarce
is reduced by 35T.

aFERENCE:
uaniodook of Hydraulic Resistanzet Itelchik

1916
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IT I G NAME: 
NUMB EB]___ __

Circular contraction 21

SKETCH:

I

INPUT REQUIREMENTS:
1. Len th of the contraction
2. Ups ream diameter
3. Downstream diameter

DUCT DATA FILE ENTZIES:
WOKR (I, 1) WORKR(I,2) WORKR(I,3) WORKR(I,4)
outlet 0.0 resistance inlet
area coefficient area

REMARKS:
If you need a transitional contraction you cauld use
this fitting or fitting 22. The area of the inlet
or outlet would have to be converted to a circle or
rectangle as required by the geometry for input to
the Frogram.

. ASHEAE FUNDdENTAIS 1981, chapter 33

195
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FITTING NINE: NUMIBEF.
Rectangular contraction 22

SKETCH:

IB

9B1 L

INPUT SEQUIREMENTS:
1. Length of the contraction
2. Ups ream dimensions
3. Downstream dimensions

DUCT DATA FILE ENTRIES:

outlet 0.0 resistance inlet
are a coefficient areaI

This litting can be substituted for a transitijonal
contraction The inlet or outlqt area should remain I
the same an the area or transition converted as
required.

REFERENCE:
ASHRAE FUNDAMENTALS 1981, chapter 33

196
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FITTING NAME: NUMBER:
Screen 23

SKETCH:

. LL1ZEI.I7 SCREEN AREA

(FREE FLOW MEANS HOLE SPACES)
|-l!" I Ii I ll

DUCT AREA (OVERALL AREA)

INOSEQUIRE1 £NTS:
1. Cverall duct cross section area
2. Screen free flow area

DUCT DATA FILE ENTRIES:,- ORKR (1, 1) VOBRE(I,2) VORKR (1,3) WORKR (I, 4)
duct 0.0 resistance duct
area coefficient area

-i REMIRKS:
T is fitting is useful for the screen in front of
the engine inlet. The free flow area is the sur of
all the boles in the screen.

REFERENCE:
.. ASHAE FUNDAdENTALS 1981, chapter 33

I
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FITTISG NAME: NUMBER:
Louver inlet 24

SKETCH:

DUCT 45' DISTANCE
AREA ACROSS

• LOUVERS
• <: FLOW

DISTANCE
* BETWEEN.::.:LOUVERS

INPUT FEQUIRENENTS:
1. Distance across the louver openings
2. Distance between the louvers) 3. The number of openings between the loavers
4. ruct area just inside the louvers

DUCT I AA FILE ENTRIES:
WCRKE (II) WOKRE (I, 2) WORK (I, 3) W3RKR(I,4)
duct 0.0 resiitarce duct
area coefficiet area

REHARKS:
"he correlation is for flat louvers with the front
S.egs flat with the face of the louvers. No friction
is included in this correlation. Better models need--. t2 be developed fcr louvers with moisture separator
edges. The louver angle is 45 degrees to the face.

ERRE:
Handbook of Hydraulic Resistarne, Idel'chik

19.
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FITTING NAME: NUTBER:1
Filter 25

SKETCH:

1j

AREA.2

INPUT REQUIREMENTS:
None if the default value is used.
If another filter type is to be used then the
user should Erovide pressure loss data as a
function of race velocity. only a few points
are required for the power curve fit to work.
The numter of points is an input (two min.)

DUCI DATA FILE ENTSIES:
WORKR(I.1) WORKR(I,2) WORKR(I 3) WORKR (I0)
filterr ace multiplier exponent filter -ace
area (AJ (B) area

REMARKS:The Fower curve fit is of the form:

delta Fressure (in VG)= A *(velocityy)*B

REFERENCE:
.Filter manufacturer's data

199
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FITTiNGN----:- . - --. BEE.

Nu ti-baffe type silencer 26

C DISTANCE ACROSS DUCT

N IS THE NUMBER

*T OF GAPS

INPUT EUIREf1ENTS:
1. Ga p betw een taffles
2. Ba le thickness
3. Baffle Iengtb (with flow)
4. Duct iuensicm parallel )to gap
5. Duct dimension across 3aps
6. The number of gaps_________

DUJCT DATA FILE ENTBIES:
WC~i( ) WOBKR(I,2) hOEKE(I,3) WORKR(I,4)

duct 0.0 resistance duct
area coeffici*eat area

BEMIRKS:
This is 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 very q cod. ucdei and a model oased on experimental
data would e better.

{REFESENCE _ -_

NAVSEA Inlet Design HandbooK for 4arine Gas turbines

200
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* FITTING NAME: T N U~i 2ER:
Gas turbine module 1 27

SKETCH:

* GAS TURBINE MODULE

*COOLING AIR PASSAGES ONLY *

INPUT BEQUIRELIENTS:I

None
DUCI DATA FILE ENTRIES:

W4CRE(1, 1) WOREB(I,2) WOaKR(I,3) WORKR(I,4)
1.0 1.0 1.0 1.0

REMARKS:I
This model is based on the mass flow rate of coolinq
air through1 the module. It is a ?ower fit to data ± rcm
General Electric Co. it should be good as long as
qntr~ and exit areas remain about the same. T"le 1.0's

inHeduct data file are there to prevent livision by
* zero in the program and are not actually usel.

RETEPENCE:

Manulacturer's data

20 1



FITTING NAE: NUMBERi:
Waste heat recovery boiler 28

SKETCH:

NUMBER OF ROWS TUBESBUNDLE
1 EQUIVALENT

NUMBER OF DIAMETER t
TUBES IN A /_ DISTANCE BETWEEN
ROW (O -i~ ~ RWS

DISTANCE
*BETWEEN
TUBES IN A

ROW

INPUT FEQUIREIENTS:
A default is available. It is based on current design
considerations in the racer program. Should you
choose not to use it several inputs are required.
Read the reference and be prepared to enter the values
shcwn or. the sketch and a .'ew you will have to comute
yourself (i.e. tube ejuiv. dia. and hydraulic dia.

DUCT DATA FILE ENTRIES:
WCRK. (I,1) WORKE(I,2) WORKR(I,3) WORKR (I,}4)
duct 0.0 resistance luct
area coefficient area

REMARKS:
If the manufacturer will provide the data, write your
own model, but this shoulg be close for preliminarystudies.

3EFERENCE:
Extended Surface Heat Transfer, Kerns and Krauss
pages 5E2-589
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FITTING NAME: NU:ME
Abrupt Exit 29

SKETCH:

OUTLET AREA

II

INPUT BEQUIRESENTS:

1. The exit area

DUCT BATA FILE ENTEIES:
WRRKR (1, 1) ;OEKR(I,2) WOiKE (I,3) WORKR (I,4)
exit 0.0 1.0 exit
area area

REMARKS*

All velocity energy is assumed lost after exiting
the duct, hence a coefficient of 1.0.

REFEFENCE:
ASHRAE FUNDAMENTAIS 1981, chapter 33

203

I



C. RECUTING THE PRCGRAM

1. IBM 3033 at NPS

Issue the following commands to compile and execute

the program.

FCFTEX filename

GLOEAL TXTLIB FOF7MOD2 MOD2EEH NONIMSL

ICAD filename (START
"filename" is the name of the program in the user's files.

NONIMSL is required because the program calls the NONIMSL
library with FRTCMS when lefining files and clearing the CFT

screen. If the file has been compiled on the user's disk

the lengthy compiling may be omitted and issue just the last

two lines.
0

2. VAX-11 at NPS

The program version to be used is 1.1. This version

is a modified version oi the program listed in Appendix A.
The modifications include elimination of all calls to

FRTC IS. FRTCIS 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 neing chopped up. The file definitions in
version 1.1 are set up using the standard OPEN statement of

FORTRAN 77 used on the VAX-11/780 at NPS. All calls to

FRTCMS to clear the screen were deleted and are not needei
0

on the VAX because it scrolls the display from the bottom

and does not cut off any continuous screen displays. One

other change was made in the file definition area, all
writes tc the terminal where made to unit 5 and all reads

0
from the terminal were made from unit 6. This agrees with

the convention of FOETRAN 77 as implemented on tne VAX. The

program runs like any other program oa the VAL, first the

program must be compiled using the fortran compiler, then

204
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linked and run. :he program is still interactive on the VAX

and about the only word of caution rejuired is to remember

to use CAPS ON or uFper case input ior 1o0izal re;.ies.

Using lower case leaves the user in a loop where the proiras

keeFs asking for for a correct reply. The duct geometry

f.le informat.oa is on a file callid duct.idt and the

performance information is on a fike called oatpiut.dat.

D. BUILDING A DUCT MA FILE

The following Fages are a recorded session at the

terminal where the author entered a system in to tne

program. The system modeled is made up from drawings for

the propcsed Arleigh Burke class guided missile destroyer.

S~The session has been annotated to point out features or the

program.

0

2
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GLOBAL X 3 C3SLI? FCRTMOD2 lOD2ZEH IISLSP 4ONI-ss5
LOAL .HESIS ( START
E:ECUTICN BEGINS...
A ONE-DI.ENSIONAL MODEL FOR THE SYSTZ..l PERFORHANCE

OF I SAaINE GA5 TURBINE INSTALLATION

BY LCDR. STZPHEN M. EZZELL

VERSION 1.0 MARCH 30 19 T C-%OPTIONS: B"UILD a DATA FILL REPRSTNTISG THE DUCT SYSTEM
EDIT OR CHANGE THE Z CT BATA FILM
COMPUTE SYSTEM PERFORMACE

-ETHOD: INTERACTIVE INPUT OF DATA BRANCHING TO DESIRED
CPTION BY ANSWERING QUESHiONS

WARNING, TWO Nt1LL ENTRIES ON NUMERICAL INPUT WILL * '
*** KILL THE PROGRAM.

IRST QUESTION:
DO YOU HAVE A DATA FILE OF DUCT FITTIIGS (Y/N)?n
DO YOU WANT LONG OR SHORT INSTRUCTIONS (L/S) 7= " 1

YOU HAVE SELECTED THE LONG INSTRUCTIO'.S.
ARE YCU WOiKING ON A CRT OR TYPEWRITER TERMINAL (C/1)?

YOU ARE WORKING ON A CRT TERMINAL.
DOSS THE MGLULE OOLING AIR BRANCH OF, THE Hain ISLET?.
(YIN)

7 DOES THE MODULE COOlING AIR JOIN THE .AIN ENG UST?

(Y, N) fND~IVNGvD.Affr RESPE,\
..S THERE A COOLING FAN INS TALLED? ___(ISEJVND4~EN

YOU M!UST ENTER A LETTER IN THE BRICKE:S. y o
IS "HERE A COOLING FAN INSTALLED? 9

IYSTEM IS CLASS THREE COMBINED INLETS AND EXHAUST
FLOWS FOP THE ENGINE IND 3OLULE COOLING. I CCOLING FAN IS
INST ALLTZ. Y3U 2'L BE ENTERING FITTINGS FOR SIX BRANCHES.
1. CC-BINED INLET TC THE COMBINED SECTION

OF A DIVERGENT WYE.
MAIN SECTION OF THE DIVERGENT *47E :0 TIE ENGINE.

3. zRA:;CH SECTION OF THE DIVERGENT WYE TO THE COOLING FAN.
4. ENGINE EXHAUST TC MAIN SECTION OF A CONVER3ENT AYE.

AN -DOCTOR INSTALLED AT THE EIHAUST PLANE OF THE ENGINE
IS CONSID-RED TC BE A CONTRACTION FOLLOWED BY THE .AIN
SET::C: 0F A CONVERGING WYE FOR TiE PURPOSES OF THIS
ERGGA.I.

5. COOLING FAN EXHAOST :O THE BRANCd SECTION
CF A CC'IVERGENT AYE.

6. CCIEINED SECTION OF A CONVERGENT AYE TO THE ATMOSPHERE.

ENTER ZERO TO CONTINUE*
0

,°

['

;.0.
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"0 ; G S ACH 14 DIVERGING WYE, .AIN SECT:ON
1 INTAKE SHIFT, RECT SECTION SIDE 15 CONVERGENT WY, 3RANCH SECTICN
0- STORIEACSG WTH (OUT) LOUVERS 16 CONVERGENT WYE ..AIN SECTION
02 STRAIGHT 3d 17 DIFFUSER CONICIALROU5'D SECTION
03 ELBOW, SMOOTH RADIUS ROUND 0 18 DIFFUSER, PLANE I.-L:NE
0-. ELDOW; 90 DEG* 3 5 PCs- BOUND * 19 DIFFUSER PYRA.5ALf IN-LINE
5 ELBOW, .ITERE3, EC5ND! aIW1 O VANES* 23 DIFUSER TRkNSITIGN&L EUND

06 ELBOW, 'ITRZD FBCTAdGULAr * TO RECT 6a RECT T3 PO
07 EL3CW, SNOOTH ACIUS, RECTANGULAR * 21 CONTRACTICN ROUND
08 ELBOW SMOOTH RADIUS WITH * 2 CONT-ACTICN SECT.NGULAR

8 SPLITTRS, RECTANG5LAR * 2 OBSTSUCT.ON .caEeN IN DUCT
09 ELBOW, ,IITERED 'ITH VANES RECT * 24 LOUVER ENTRANCE
10 ELBOWO CONVERGING OR DIVERGING * 25 FILTER

FL6V, RECTANGULAR * 26 MULTI-BAFFLE SILENCER
11 ELBOWS, 90 DEG, Z-SHAOED RECT * 27 GT .ODULE
12 ELBOWS 90 DEG IN DIFFRENT * 28 WASTE HEAT BCILER

PLA.ES, RECTANGULAR * 29 ZX: aBRUPT
13 DIVERGING WYE BRANCH SECTION * 30 FI':XNG NOT LISTED

******i*****SE TWO DIGIT NUMBER, PRESS '(TER********
YOU ARE WORKING CN FITTING NUMBER >> 312201

25
*YOU HAVE SELECT=. THE INLET FILTER
**FIRST QUESTION, WHAT IS THE TOTAL FACE AREA OF THE FILTER?

3
DO ECU WANT '0 USE THE DD963 TYPw FILTER
IN THE REE CONDITION (Y/4) ?

.NO MORE QUESTIONS.
DO YCU WANT '0 ENTER THIS EITTING (Y/N) ?

>> YC JN FI:TING NUMBER >> 312201
- . rr~Lo SE'.CIIOU HAVE SEM . A OUVERE ENTRANCE.

-FIRST QUESTION, WHAT 1S THE DISTANCE ACROSS THE
LOUVER OPENINGS?

25.5
iHAT IS THE DISTANCE BETWEEN THE ;.OUVERS, USE THE
CLOSEST DISTANCE.

0. 40 21
HOW MANY OPENINGS ARE THERE BETWEEN THE LOUVERS?
17

LAST UESTIO1 WHAT IS THE AREA OF THE DUCT.
JUST INSIE THE LOUVER ENTRANCE?

7

197.75
DO YOU PANT TO ENTER THIS FITTING (Y/N)?

y>> YCU AFE WOEKING C1 F:TTING NOM3ER >> 312232

9. 25
YOU HAVE SELECTED THE INLET FILTER
**FIRST QUESTION, ienT IS THE TOTAL FACE AREA Or THE FITER?

- 19 7 . 7 5

DO YOU ANT TO USE THE DD963 TYPE FILTER IN
THE DRY CONDITION (Y/N)?

T NO 3tRE QUESTIONS.

DO YOU WANT TO ENTER THIS FITTING (Y/N) ?

>> YOU ARE WORKING GN FITTING NUMBER >> 312203

"* • . - . . . - . . ..- -,*,- - . . -. ,. ." ," * ., . ' ", . ".. *... ,..,... . , *.,p., .. .., ..... . ,...... . .., . .. ... ,,, .,. . .,.-. " .' ." . '. ,""* . . " :



02
YOU HAVE SELZCTED STRAIGHT DUCT. IT MAY BE ROUND
OR RECTANGULAR.
***FIRST QUESTION, IS THE DUCT CIRCULAR OR RECTANGOLAR
(C/F) ?

r
THE DUCT IS FECTANGOLAR, ENTER FIRST CROSS-SECTIONAL
DIIENSICN. (FEET)

18. d3
? SECOND CIMESSION (FEET)

10. 5
? ENTER TEE LENGTH OF THIS DUCT SECTION. (FEET)

17.75
.0 YOU WANT TO ENTER THIS FITTING (Y/N)?

YC>> ACU ARE WORKING CM FITTING NUH3ER >> 3122014?

00
>> YOU ARE WORKING CN FITTING NUBBER >> 323101

1YO HAVE SELECTED THE MAIN SECTION OF A DIVERGING WYE.
THE AIR TO THE ENGINE SHOULD BE FLOWING THROUGH TWIS SECTION.
JUST O:E C~ ESICN WHAT IS THE CROS-SECTIONAL AREA OF THE
MAIN SECTION? THIS SHOULD BE THE AREA JUST DOWNSTREAM OF THE
JUNCTICN AND DIRECTS FLOW TO THE ENGINE. IT ALSO SHOULD BE
THE FIRST FITTING OF THE BRANCH.

81.375
>> YCU ARE WORKING CN FITTING NUMBER >> 323102?

26
YOU HAVE SELECTED k 4OLT-BAFFLE TYPE SILENCER.
EACH BAFFLE HAS A STREA8LINED SHAPE. IT 15 THE TYPE
USED IN THE INLETS OF THE DD963.
**FIRST QUEST:ON, WHAT IS THE GAP BETWEEN THE BAFFLES?

0.333
WHAT IS THE THICKNESS OF THE BAFFLES?

0.666
WHAT IS THE LENGTH CF THE BAFFLES?

9.33
WHAT IS THE DIENSICH OF THE BAFFLES PARALLEL TO THE GAP?

7.75
WHAT IS THE DIMENSICN OF THE MAIN DUCT ACROSS THE GAPS?

10. 5
LAST QUESTION, HOw aAN! GAPS &RE :HERE?

• 11

DO YOU RAST TO ENTER THIS FITTING (YI/N)?

Y>> CU ARE WORKING CH FITTING NUMBER >> 323103
"' 32

YOU HAVE SELECTED I RECTANGULAR CONTRACTION.
* FIRST QESTION, WHAT IS THE LENGTH OF -HE CONTRACTION?

* WHAT IS THE LEAST UPSTREAM CROSS-SECTION ZZIENSION?

208
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7.75
WHAT IS THE GREATER UPSTEEAM CROSS-SECTION DINENSION?

10.5
iHAT IS THE LEAST DCUNSTREA, CROSS-SECTION DIMENSION?

6.oo7
!AST QUESTION, WHAT IS THE GREATER DOWNSTREA.1
CROSS-SECTION DIMENSION?

7.75

:0 YOU WANT TO ENTER THIS PITTING (Y/)?

>> YOU ARE WORKING CN FITTING NUMBER >> 323104

06
YOU HAVE SELECTED A MITERED RECTANGULAR CROSS-SECTION, ELBOW.
IFIRST QUTSTIO, WHAT IS THE HEI3HT OF THE ELBOW?

(THE DI.ENSION PARALLEL TO THE TURN AXIS)

;.67
WHAT IS THE WIDTH OF THE ELBOW CPOSS-SECTION?

(THE ZISENSION I. THE PLANE OF THE -URN)

7.75
LIST QUESTION 6 IHAT IS THE ANGLE OF THE ELBOW TURN
(0 - 90 DEGREES)?

90
DO YOU WANT TO ENTER THIS FITTING (Y/N)?

C>> YCU ARE WORKING CN FITTING NUMBER >> 323105

23
IOU HAVE SELECTED A SCREEN OBSTRUCTIO3 IN THE DUCT.
?*FIRST QUESTION, WHAT IS THE DUC2 C2OSS-SECTID.AL AREA?

LAST QUESTION, WHAT IS THE FREE FLOW AREA OF THE SCREEN?
-" 27.15s

DO YCU WANT TO ENTER THIS FITTING (Y/)?
>> YOU ARE WORKING ON FITTING NUMBER >> 323106

o
>> YC3 IRE WORKING CE FITTING NUMBER >> 324001

13
YOU HAVE SELECTED THE BRANCH SECTION OF A DIVERGENT WYE.
THE NODULE COOLING AIR SHOULD BE 3RANCHING OFF T.E !!AIN
INLET AND -LOWING THROUGH THIS SECTION. THIS SHOULD BE THE
-IEST FITTING OF THIS BRANCH.

.'lIST QUESTION WHAT IS THE ANGLE 3ET7EEN THE MAIN FLOW
? AXIS AND TEE BRAhCH FLOW AXIS (DEGREES) ?

90
WHAT IS THE =ROSS-SECTIONIL AREA OF THE COMBINED FLCI
SECTICS? THIS IS WHERE 30TH ENGI.Z AIR AND COOLING AIR FLOW
JUST UPSTREAM OF THE BRANCH.

97.75
LIST QUESTION, WHAT IS THE CROSS-SECTIONAL ARIA OF THE BRANCH?

5.761
DO YOU WANT TO ENTER THIS FITTING (Y/)?

* 7

I
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>> YCU ARE WORKING CH ?ITTING Nti.3ER >> 324002

02
Y)U HAVE S.LZCTED STRAIGHT DUCT. IT :IA BE ROUND
OF RECTANG'LAR.

***FIRS- QUESTION, IS THE DUCT CIRCULAR OR RECTANGULAR (C/R) ?
c
THE DUCT IS ZIRCULAR, ENTER THE DIA.ETER (FEET)

2.708
? ENTER THE LENGTH OF THIS DUCT SECTION. (FEET)?

7.5
DO YOU WANT TO ENTER THIS FITTING (Y/4)?

C>> CU ARE WORKING Ch FITTING NOUSER >> 324003

00
>> YOU ARE WORKING CN FITTING NU33ER >> 335101

02
YOU HAVE SELECTED STRAIGHT DUCT. I SAY BE ROUND CR RECTANGULAR.
**-FIRST QUESTION, IS THE DUCT CIRCULAR OR RECTANGULAR (C/R) ?
,HE DUCT IS RECTANGULAR, ENTER FIRST CROSS-SECTIONAL DIMENSICN. (FEET)
?
6.64

SECCND r.I-ENSION (FEET)

4.5(
ENTER THE LENGTH OF THIS DUCT SECTION. (FEET)

I

DO Yca WANT TO ENTER THIS FITTING (YIN)?
y>> YOU ARE WORKING CS FITTING NIDBER >> 335102

16
YOU HAY! SELECTED TEE MAIN SECTION OF A CONVERGING
fYE. THE ENGINE EXHAUST ALONE SHOULD BE FLOWING THROUGH
IHIS SECTICN. IT SHCOULD BE THE LAST FITTING OF THE BRANCH.
**JUST ONE QUESTION, WHAT IS THE CROSS-SECTIONAL AREA CF THE

HAIN ERANCH?

20.19
DO YOU WANT TO ENTER THIS FITTING (Y/N)?
Y>> YCU ARE WORKING C3 FITTING NUMBER >> 335103?

00
>> YCU ARE WORKING CN FITTING NURBER >> 345001?

,j 27

YOU HAVE SELECTED TEE GAS TURBINE MODULE AS A PART OF
THE COOLING FLOW PASSAGE. NO QUESTIONS, JUST NEEDED
TO KNCW AHERE YOU WANTED THE NODULE.4 DO YOU %ANT TO ENTER THIS FITTING (Y/N)?

Y>> YOU ARE WORKING CH FITTING NUMBER )> 345002

YOU HAVE SELECTED THE BRANCH SECTION OF A CONVER3ENT
WIS. TEE HOT 3ODULE COOLING AIR SHOOLD BE JOINING THE NAIN
ENGINE EXHAUST IN THIS iYE. T3IS FIZTING SHOULD BE THE LAST
FITTING IN THE BRANCH.;FIRST IUEStiON WHAT IS T.E ANGLE BETWEEN THE IAIN FLOW

? AxIS AN THE MAiNC AXIS (DEGREES) ?

2
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0
;,HAT :S THE ZROSS-SZCTIC!IAL AREA OF TAZ COMSBNED FLCJ
SCTION? :HIS :S WHERE NGI'E LXdAUSZ AND :ICDULZ CCCL:NG AlE

• FLCW JUST -OWNSTREAR OF ZHEPRANCH.

3.S6
. 13AST STION, WHAT IS THE CROSS-SECTIONAL AREA OF THE
BRANCH?

O.27
DO YOU WANT TO ENIEP TH:S FITTING (T/N)?

Y>> CU EZ WORKING CH ZITTING NU Z3 >> 345303

>> YOU ARE WORKING CN FITTING NUMBER >> 356201
~21

YOU HAVE SELECTED A CIRCULAR CONTRACTION.**FIRS: QUESTION, WHAT IS THE LENGTH OF THE CONTRACTION??
9

WHAT IS THE UPSTREAN DIASETER?

* 6.2374D
WHAT IS THE 30gNSTREA D113ET!R7

5.4667
DO YCU UANT TO ENTER THIS FITTING (Y/N)?

>> YCU ARE WORKING CN FITTING NUMBER >> 356202?

02
YOU HAVE SELECTED STRAIGHT DUCT. IT SAX BE BOUND CR RECTANGULAR.

***FIRST QUESTIONf, 15 THE DUCT CIRCULAR OR RECTANGULAR (cR) ?
c
THE CUCT IS IZRCULAR, ENTER THE DIAMETER (FEET)

5.667
- ENTER THE LENGTH OF THIS DUCT SECTION. (FEET)?

7.11
30 YOU WANT TO ENTER THIS FITTING (Y/N)?

. >> YCU ARE WORKING CN FITTING NUMBER >> 356203

05
YOU HAVE SELECTED A MITERED BOUND ELBOW.
*-FIRS, Q3ESTION, WHAT IS THE CROSS-SECT:ONAL DIAMETER?

..4667
WHAT IS THE ANGLE OF THE ELBOW TURN?

90
LAST jqUESTION ARE OETI.U3 NUBER OF CONCENTRIZ VANES
INSTALLED TO REDUCE RESISTANCE AND TURBULANCE (T/N) ?

SDO YOU wAn1T TO ENTER THIS FITTING (YIN) ?
Y>> YOU IRE 23RKING CN FITTING NU39ER >> 356204

02YOU HAVE SELECTED STSAIGHT DUCT. IT 1AY BE ROUND Ca RECTANGULAR.
***FIRST QUESTION, IS THE DUCT CIRCULAR OR RECTANGULAR (C/R) ?
C

THE DUCT IS ZIRCULAR, ENTER THE DIAMETER (FEET|

°-
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5.3--B :3Z LENGTH OF THIES DUCT SEC::ON. (FEET)
6.23

DO YOU WANT '0 E NTEE THIS FITTING (Y/N) ?
y

S>> ICU ARE WORKING CN FITTING .UlBEr >> 356205
05
YOU HAVE SELECTED A MITTRED RCUND EL3OW.
* FIRST aUESTZON, WHAT IS THE CiOSS-iECTIONAL DIAMETER??

5.4667
WHAT IS THE INGLE OF THE ELBOW TURN?
§0

LAST ISTION ARE CPT:IUM NUMBER OF CONCENTRIC VANES
INSTALtED O REDUCE RESISTANCE AND TURDULANCE (T/N) ?
YOD3 YOU ANT T0 ENTER THIS FITTING (Y/N)?

Y >> OU ARE WORKING ON FITTING NUMBER >> 356206
?

02
YOU HIVE SELECTED STRAIGHT DUCT. IT JAI BE ROUND O2 RECTANGULAR.
**-FIRST QUESTION, IS THE DUCT CIRCULAR OR RECTANGULAR (C/R) ?

TuE ruCT IS :IRCULAR,.ENTER THE DIAMETER (FEET

i. 14667
ENTER THE LENGTH OF THIS DUCT SECTION. (PERT)?

3.033
DO YOU WANT TO ENTER THIS PITTING (YIN) ?

Y>> YOU ARE WORKING CN FITTING NUMBER >> 356207

17
YOU HAVE SELECTED & CONICAL DIFFUSER WITH CIRCULAR
INLET AND CUTLET SECTIONS.
*? 'FIRST QUESTION, WHAT IS THE LENGTH OF THE DEFUSED?

2.967
WHAT IS THE INLET DIAMETER?

5.4667
WHAT IS THE OUTLET DIABETER?7

7.1667
IS THERE A NON-UNIFCR3 VELOCITY DISTRIBUTION AT THE INLET (Y/91?

SINCE TEERE IS A WItE DIVERGING ANGLEo THE PROPER
INSTALLATION OF DIVIZING WALLS OR BAMtLES CAN REDUCE
:3E PES:STANCE OF THIS FITTING. DO YOO WANT TO :NSTALL
DIVIDING WAILLS OR BAFFLES (T/N)?

';0 OR QUESTIONS THIS FITTING.
DO YCU WANT .0 ENTER THIS FITTING (T/N)?
y>3 ECU ARE WORKING Cl FITTING MU33ER >> 356208

* 02
YOU HAVE SELECTED STRAIGHT DUCT. IT IAI BE ROUND OR REC'ANGULAR.

**"?IRST QUESTION, IS THE DUCT CIECULAR CA RECTANGULAR (C/R) ?

_?! DUCT IS ::RCULIR, ENTER THE 1IABETER (FEET)

. .. . .. ...- -.- .. .-.. . - . - .. •. .o * . . '" . * .' ~. .. . -* . .. ...-* % % - . .1 '



* 7.1667
NElTER 'IHE LEN4GTH OF THIS DUCT SECTION. (FEET)

i.7
DC !CU NANT :!0 ENTER THS FITTING (Y/N) ?

S>> YOU ARE WORKING CN FI:TING NUMBER >> 356209

' . YOU FVE SELECTED k CIRCULIS CONTRACTION.
S"FIBS: Q0ES71ON, WHAT IS THE LENGTH OF THE CONTRACTION?

41' &: :S THE UPSTREAM DIAMETER?

?77.1667
WHAT IS THE DOWNSTREAM DIAMETER?

".533
00 YOU WANT TO ENTER THIS FI:TING (Y/N) ?

y>> YCU ARE WORKING CM FITTING ;UMBER >> 356210
?

29
* YOU HAVE SELECTED AN ABRUPT EXIT TO THE ATMOSPHERE.

**JUST CNE QUESTION, WHAT IS THE AREA OF THE EXIT 2LANE?. ?
16. 1384
00 YCU WANT. rO ENTER THIS FITTING (Y/5) ?
>> YCU ABE WORKISG CN FITTING NUMBER >> 356211

00

'4HAT SZERIAI NUBER WCULD CU LIK9 TO ;,VE THIS DUCT DATA FILE?
YOU MAY USE 3P TO A SIX DIGIT TNTEGER NUMBER.

510301

DO C U WANT TO COMPUTE WITH THE FILE OR QUIZ (C/Q)?
9

-".
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E. EDITING THE DUCT DATA FILE

This section demonstrates the editinj capatility of the

program. The editcr will te demonstrated by changing a

fitting. The fitting chosen is an elbow in the exhaust

duct. It has cascaded turning vanes installed. By using

the editor the turning vanes will be removed and an ordinary

mitered round elbow will be substituted. Any fitting that

also serves the purpose could be substituted as well.

The program can also add or delete a fitting. it is

somewhat limited in the addition azility. The program can

not add a fitting to the first of a branch in one step. To

add a fitting to the duct data file select the index of the

fitting in the file that the fitting is to ze placed after.

The program will ask what fitting is to be added and then

the user can enter the fitting directly or from the menu.

To add a fitting at the first of a branch, first add the

same first fitting presently in the branch after itself,

then change the same index fitting as the first step to the

desired new first fitting.

It should be emphasized that the editor does not change

a system class. If the user wants a different duct arrange-
0 meat a new file will have to be entered.

0
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GLB3AL :XTL:3 CMSLI. EORTMOD2 IO)2EEH 13SS.S NONIM SL
AA START

A JNEE-,IENSIONAL ICDEL FOR THE SYSTE. PERFORMANCE
CF A 3ARINE :;AS .UsBINE iNS"ALLATION

BY LCDR. STEPHEN 1. EZZELL

VERS:ON 1.0 !AaCH 30 1934
O 4ION5: EUILD X DAZA FILE RRESENTING THE DUZT SYSTE.1

EDIT OR CHANGE :.9E UC: DATA FILE
COIPUTE SYSTEM PERFCRMAaCE

._THCD: 2NrZRACTTVE INPUT 01 DATA BRANCHING TO DESIRED
OPTION BY ANSWERING 2UESTIDNS

SAEHiNG, TUC NULL ENTRIES ON NUMERICAL INPUT WILL
*S* KILL THE PROGRAM. **•

FIRST -UESTION:
00 YC HAVE A DATA FILE OF DUCT FITTINGS (Y/N)?
I

0D YOU WANT TO EDIT 1HE FILE OR USE IT FOR COMPUTATION (E/C) ?S •
)0 YOU 1ANT TO CHANGE, DELETE OR ADD (C/D/A)?
YOUB CL: FILE WILL EE PZB3ANETLi CHANGED, DD YOU
COPY THE OLD FILE UNDER A NEW NAME IF YOU WANTED TO
SAVE IT . IF NOT, ENTER TWO NULL STPINGS TO KILL THE
HLOG AlI.

C
4HAT LINE DO YOU WANT TO EDIT?

19
33 YOU NEED A .1_NU (I/N)?

303 NC MCBE FITTINGS THIS BRANCH * 1 DIVERGING WYE MAIN SECTICN
J1 INTAKE SHAFT, REC SECTION SIDE 0 15 CONVERGENT Wft, BRANCH SECTION

ORIFACES 4ITH(CUT) LOUVERS * 16 CONVERGENT WYE. MAIN SECTION
02 SIRAIGHT DUCT * 17 DIFFUSER, CONICAL ROUND SECTION
03 ELBCW, SMOOTH RADIUS ROUND * Id DIFFUSER, PLANE IN-LINE
05 ELBOW; 90 DEE;.4,5 PCS; BOUND * 19 DIFFUSER PYRAMISAL IN-LINE
05 ELEOW, 9IERE ROUND 1/0 VANES* 23 DIFFUSER TRANSITIONAL (ROUND To
06 ELBOW, 1ITERED RECTANGULAR * SECT 5a RECT TO ROUND)
07 ELBOW, S.MOOTH RATIUS, RECTANGULAR * 21 CONTEACTICN SCUND
08 !L3tWL SM3OTH 3ADIUS, WITH 0 22 CONTRACTION .ECTANGULAR

S;L.TTEiS RECTANGULAR 0 23 OBSTRUCTION SCREEN IN DUCT
09 ELBOW, 1ITERED WITH VANES RECT 0 24 LOUVER ENTRINCE
13 EZlacl CCNVEEGING OR DIVEEGING 0 25 FILTER

?119, aECTANGULAR 0 26 3UL-I-BAFFLE SILENZCER
11 ELBCs5, 93 DEG, Z-SHAPED. BECT * 27 GT :ODULE
12 ELBOWS 0 DIG IN DIFFERENT * 28 WASTE HEAT BC:LER

PLANES, RECTANGULAR 4 Z.9 EXIT ABRUPT
13 DIVERGING WYE BRANCH SECTION * 30 FITTING NOT LISTED**"**.*.iOSE TWO D1312 NUMBER, PRESS ENTZa*"ee*.es'
>> YOU ARE WORKING CN FITTING NUMBER > 356205

* 05
YOU HAVE SELECTED A MITERED ROUND ELBOW.
*-FIRST QUESTION, WHAT IS THE CROSS-SLCTIONAL DIAMETER?

S. 4667
WHAT IS THE ANGLE OF THE ELBOW TURN?

LAST UESTICS, ARE CETINUM NUMBER OF CONCENTRIC VANES
INSTALLED TO REDUCE RESISTANCE AND TJBBULANCE (Y/N) ?

*0 YCU iANT rO ENTER THIS FITTING (I/N)?

n1C
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ATI TOCHANG~E ANOTHER FI-.ING (Y/!II ?

;ihTO :0AKE ANY OTHER CHANGES (Y/i) ?

WHAT 37RIAL NUAt3E3 WCOLD YOU LIKE :C ;ZVE 'iIS DUCT DAT'A FIlEr
YCUJ !A! US! UP ro A SIX DIGIT :NT!EGE Ni3EAR.

3~3 YCU VAkT TO CO.IPUTE ~ZHTHE FILE OR 3IT (C/Q)?
q



0Z

F. COIPOTING SYSTEM PERFORMANCE

This section also contains a recorded terminal sessicn.

*The ccmputing secticn of the program was exercised here.

The session has been annotated t3 point out program

feat ures.
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GL03AL 'XTL,"3 C.ISLIB FORTIOD2 NODZEEH 13SLSP JONIISL
LOAD THE-IS ( START
EX-CUTIOJ 3-GINS...
A C3E-DllENSIONAL 3C-EL FOR THE SYSTEI PERFO21ANCE

OF A A APINE GAS TURBINE INSTALLATION

BY LCDR. STEPHEN H. EZZELL

VERSION 1.C MARCH 30, 1984
OPTICNS: EUILD A DATA FILE aEPRSENTING THE DUCT SYSTEM

EDIT O CHANGE THE DUCT DATA FILE
COMPUTE SYSTE.3 PERFORNANCE

NETHOD: INTERACTIVE INPUT OF DATA 3RAJCHING TO DESIRED
CPTION BY ANSWZRING QUESTIONS

*** WARNING, TWO NULl ENTRIES ON NUMERICAL INPUT WILL **S

** KILL THE PROGRAd. *'*

FIRST QUESTIDN:
DO YC3 HAVE A DATA PILE OF DUC: FITTINGS (YIN)?

y
c DO YOU WAN!: TO EDIT THE FILE OR USE IT FOR COAPUTATICN (B/C) ?

THIS PORTICN OF THE ;ROGRAd INPUTS :HE ENVIROMENTAL CONDITIONS.
WHAT IS ThE AMBIENT IEiPERATURE (DEGREES F)??
75

WHAT IS THE AdBIENT PRESSURE (PSIA)?

14.6
WHAT IS THE RELATIVE HUIDITY (GRAINS PER POUND AIR)?
70

YOU HAVE STLECTED A SYSTEM WITH A COOLING FANI. THE
DEFAULT SPECFICATIONS ARE FOR THE FAN £NSTALLED ON
-HE rD963 CLASS SHIP.

UD YOU WANT TO USE THE DEFAULI SPECFICATIONS (YIN)?

-INPUT E POWER SETTING IOU DESIRE.
**WHAT IS THE HORSEPOWER?

20000
? **WHAT IS THE POWER TURBINE SPEED (RPM)?
3600

THE RESULTS OF THIS SUN HAVE BEEN ENTEZED
12:0 1 FILE CALLED "CUTPUT DAIA".
DO ICU "AANT TO COMPUTE WITH DIFFERENT OPERATIN3 COZIDITIONS (Y/N)?

1 INPUT TFE POWER SETTING YOU DESIRE.
**WHAT IS THE HORSEPCWER?

10000
**WHAT IS THE POWER TURBINE SPEED (RP3)?

• 2200
THE RESULTS OF THIS RUN HIVE 3EEN ENTERED
INTO I FILE CALLED "CUTPUT DATA".
DO YOU WANT TO COMPUTE WITH DIFFERENT OPERATING CONDITIONS (Y/N) ?

DO YOU WANT TO EDIT THE DUCT DATA FILE OR QUIT (E/Q)?

@q
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G. EXARINING THE OUTPUT

Included in this section are copies of two files. The

first is a copy of the file the author bai.t using the

Arleigh Burke class example. The otner one is a copy of the

results f;rom the runs made in the compute section using the

sample file at two operating points.

0

S
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b -F%.E bAlmE

AIM I"SRO 9•0i

24
1 312201 24 197.7500 3.3 18.7228 197.7500
z 1Z;:02 25 197.7500 3.0167 1.o287 197.75 03 312233 2 197.7150 15.2106 17.7500 197.7150
4 323131 14 81.3753 0.0 0.0 81.37505 32"102 26 81.3750 3.3 0.9499 81.3750
6 323103 22 81.3750 0.3 0.0325 51.oo927 323104 6 51.6925 7.1696 1.1095 51.6925
8 323105 23 50.3000 3.0 2. 1282 50.0300
9 324O0 1 13 197.7;00 5.7610 90.0000 5.761010 324002 2 5.7 6b 2.7080 7.5000 5.75o6

11 335101 2 30.4112 6.0026 1.0000 30.4112
12 335102 16 20.1900 3.0 0.0 20.190013 345001 27 1.3000 1.,000 1.0000 1.0000
14 345002 15 30.4600 10.2700 0.0 10.2700
15 356201 21 30.5561 0.0 0.0107 23. 4715
16 356202 2 23.4596 5.4667 7.1100 23.4596
17 35203 5 23. 715 5..67 0.3111 ,3.471
18 3562014 2 24.3257 5.3667 6.2300 .32519 356205 5 23.4715 5.4667 0.3111 23. 4715
20 356206 2 23.4596 5.4667 3.0330 23.4596
21 356207 17 23.4715 3.3002 0. 1168 40.3391
22 356208 2 40.3188 7.1667 1.7000 40.3188
23 356209 21 40.3394 3.3 0.3042 16. 1385
24 356210 29 16.1384 3.0 1.0000 16.1384

rJTrA..6 XD

\ \ -OrFILE LIAO#9 IVtf^AA wir is Ea

0
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THIS ?EEFO2MANCE 3UN WAS DEVELOPED ?RO.1 JUCT DATA FILE, 510001
I I:lLZT CONDITIONS: AIBIENT TEMp (DEG F) 75.00

AMBIE.N ?RESS (PSIA) 14.60
HUMIDITY (GiAINS) 73.00

4COSIECWEE: 20000.3
NPT (RM) 3630.0

ENGINE DUCT LOSSES (IN.W.G.): INLET 1.98 EXHAUST 13.95

ENG~j ERFRM N C P&RAME TERS:wC= 24. 32 LEM/SEC
22= 122.71 LBm/sE-
- 8= 123 . 78 IRM/SEC
p8 15. 18 PSIA
T8= 11405.49 DE3 R
SFC= 0.406 LEA (FtEL)/HP*HR
T5,4- 1827. 1 DIG a
NG- 8827.3 ipaM
NCDOLZ COOLING TEMP OUT= 250.3 LEG F

F FITTING Fl:I:ING PRESSURE LOSS VELOCITY PRESSURE
I ZD TYPE IN CH .G. INCH W.G.

312201 2:4 0.42 0.32 'LOUVER ENTRANCE312202 25 0.72 0.32 FILTER312203 2 0.00 0.02 STRAIGHT DUCT
323101 14 3.04 a.09 MAIN SECT¢DIV WYE323102 26 0.09 0.39 SILENCER SECTION323103 22 0.01 0.23 CCNTRACTION RECT323104 0 0.18 0.23 EL3C WIiTEBkDRiCT
323105 23 0.52 0.25 SCREEN IN DUCT324001 13 0.67 0.72 BRANCH DI . E
324002 2 3.02 0.73 STRAIGAT DUCT335101 2 0.00 1.71 STRAIGHT DUCT
335132 16 1.30 2.24 MAIN SECT CONV WYE345031 27 1.54 0.0 GAS TU MI! .1oooZ3450o0 15 -3.24 C.21 BRACH CONY562 21 0.0A .81 CON!RCHT C O3ND
356202 2 0.05 3.79 ST R AIGHT UT356203 5 0. 74 3.79 ELBO4,3ITERZD ROU.MD356204 2 0.04 3.54 STRAIGHT DCT
3i6205 5 0.74 3.80 EL3C t3ITERZ3,3OUND35o206 2 0.02 *.31 S.AIT.,3UC.356207 17 0.45 3.80 DIFF CONICAL
356208 2 0.00 1.29 STRAIGHT DC3T232009 21 2.46 8.0 Cc.TRACTICN,OUmD
356210 29 8.10 8.10 ExI:,AB1%3ET

LS -NH1-: 1 1:2GS 2 AICH 2::
LCSS EPANCH 1.31
LOSS -.AICi 5-6: 12.65
LCSS EAlCH 2-4: 0.69

LOSS 5WCH 45 -1.70

0'



'.:S PEEFC..1ANCE RUN WAS rEVELOPZD F90 DUCT DATA FILE, 510001

INLET CONDITrOS: ABSIENT TE.4P (DEG F) 75.00
ANSIZNT PRESS (PSIA) 14.60
HUMIDITY (GRAINS) 70.30iCHSEPCgER: 10000.3

IFT (REM) 2200.J

ENGINE DUCT LOSSES (IN.W.G.): INLET 1.40 EXHAUST 9.10

ENGINE PEEF3g CE PARAM;TE S:2= 99.45 LM/SEC

68= 99.85 LaN/SECfez=  14 97 PSIA
T8= 1281.00 DEG R
SFCZ . 508 LBNFUEL)HP Hi
754M 1549.0 DEG R
NG= 8332.3 Ri3ODULE COOLING TENP 3UOz 250.3 DEG F

FiTT:NG FITTING PRESSURE LOSS VELOCITY P.ESSURE
10I TYPE INCH W.G. ISCH N.J.

312201 24 0.30 0.32 LOUVER ENTRANCE31220.55 0: FILTER
31203 ..o . STRAIGHT DUCT323101 14 0.32 0.j6 MAIN SECTDIV WJYE323102 26 0.06 0.36 SILENCER SECTION.323133 22 0.00 0.15 CONMEACTICM RECT2105 0. 12 0.15 ELSCU1ITE ED RECT

3.34 0.16 SCREE 13 DUCT3214001 13 0.73 0.79 BRINCH DIV WYE32,4002 2 0.02 0.79 sTlElli3T DUCT335101 2 0.00 1.33 STRAIGHT DUCT335102 16 0.85 1.46 MAIN ZECToCONV WYE345001 27 1.69 0. GAS .REINE .0OULE" 345002 15 -1.84 1.46 BRANCH COOT WYE356201 21 0.03 2.48 CaNTRATION, ROUND356202 2 0.03 2.47 STRAIGHT DUCT356233 5 0.49 2.47 EL O 3ITLEED,,OUND
356204 0.2 2.30 5ZEA HDU356205 3 UC0.,49 2.48 ELBOWt3ITEREDROUND35620 2.48 STRAIGHT DUCT356207 1 02.48 DI!FCONICAL356208 2 0.00 84 STBAIGIT DUCT356209 21 1.60 ?:26 CONTRACTI RUND356210 29 5.27 5.27 ExI,,&BRUPT

LOSS SPANCH 1-2: 0.86
LCSS BEANCH 3:155
LOSS EANCH 8509
LCSS EEANCH 5-6: 8.2
LOSS ERANCH 2-4: 0.75C.S EANCF 4-5: -0.15

9
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