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PART I 

1. PROGRAM NUMBER 

2. REVISION LOG 

Bate 

PROGRAM DESCRIPTION 

- ENGINEERING DESCRIPTION 
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3. TITLE 

LSV-16 

4. PURPOSE OF PROGRAM 

The computer program provides the OCE with a mathematical model 

of the Cooper-Bessemer LSV-16 diesel engine with associated 

electrical generating equipment and synchronous fuel control. 

This model may be exercised to predict the performance of the 

diesel engine power system to electrical load changes and air 

shock waves due to changes in the environment. 

5. STEP SOLUTION 

5.1 OVERALL DESCRIPTION 

This program is capable of simulating in detail the dynamic 

performance of the Cooper-Bessemer, Model LSV-16, diesel engine- 

generator set resulting from sudden changes in load and/or 

ambient pressure and temperature. These disturbances are des¬ 
cribed analytically within the program. The program is set up 

to generate analytically the following disturbances: (1) a 

step load change, (2) a free-field overpressure with accompany¬ 

ing overtemperature, or (3) an overpressure and overtemperature 

of arbitrary profile. This model of diesel engine performance 

is sufficiently detailed to evaluate the thermodynamic state 

within each cylinder, in the inlet and exhaust manifolds, and 

at the entrance and exit of turbocharger components at each 

Instant of time. The pressure forces acting on each piston are 

translated through appropriate kinematic and dynamic relations 
to shaft output torque. 

The computer program was adapted from a general purpose 

program which was developed by ¿iDL for the OCE for the analysis 

of other diesel engine power systems. The general purpose pro¬ 

gram considers two and four-stroke-per-cycle diesels, with var¬ 

ious scavenging and super-charging accessories. The general 
purpose program can also be arranged to include more than one 

diesel generating set to determine the performance under load- k 

sharing conditions when the sets are connected to a common bus. 

The general purpose program is set up to solve a series of i 

algebraic and differential equations which relate the time his¬ 

tory of the physical processes which are involved in the opera¬ 
tion of a typical diesel. 

2 
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For the LSV-16 engine, these processes can be divided 

into related subsystems. 

Subsystem 1. 

Subsystem 2. 
Subsystem 3. 

Subsystem 4. 
Subsystem 5. 

The shaft connecting the diesel and 

the alternator. 
The alternator and voltage control. 

The diesel cylinder and valving 

processes. 
The turbo-supercharger. 

The fuel control. 

As mentioned, these subsystems involve the solution of a series 

of differential equations which are time dependent. Each sub¬ 

system has a characteristic time constant which must be consid¬ 

ered in the numerical integration process. Thus, to minimize 

computer solution time, a master (or clock) routine asks for 

the state of each subsystem at intervals which are timed to 

optimize computer processing time. 

To minimize programming effort, each subsystem uses iden¬ 

tical input, output and numerical integration routines which 

operate on individual daca files (stored in common data stor¬ 

age). Only the equations which relate to specific equipment, 

i.e., the fuel control, the valve area, must be recoded. The 

variables in these data files are divided into several cate¬ 

gories: a) constant coefficient, b) non-constant coefficients, 

c) dependent variables, d) independent variables, e) deriva¬ 

tives of dependent variables, and f) counters and control 

switches. Some confusion may result to the casual observer as 

the same variable (Y(3) for instance) may represent one quan¬ 

tity in the turbocharger subsystem and another in the diesel. 

It is emphasized that this coding process was undertaken to 

speed coding of new diesel alternator combinations at minimum 

cost to the OCE. A full description of the program organiza¬ 

tion is given in FILE DOCUMENTATION, paragraph 5.2. 

5.2 THE LSV-16 PROGRAM 

5.2.1 Clock Program 

At periodic time intervals, the clock or MAIN pro¬ 

gram controls the flow of information within the mathematical 

model. The logic consists of initializing, Indexing, and timing 

the various subsystems so that together, they simulate a com¬ 

plete interacting system. 



5.2.2 Ambient aad Load Conditions 

This subsystem is responsible for coordinating the 

engine's performance with its environment and load. In des¬ 

cribing the environment, there are three options. Tha first is 

that of having constant inlet pressure, temperature, and exhaust 
pressure. The second option is using a standard air shock. The 

third option is to input pressure, temperature and exhaust pres¬ 
sure profiles. Under all of these options the generator load 

is set by the alternator subsystem and may be varied indepen¬ 

dently of the environmental pressures and temperatures. 

5.2.3 Shaft Motion, Subsystem 1 

The Equation of Motion, Subsystem 1, has three 

tasks. It calculates angular shaft speed of the engine-generator 

set, determines the time from this information and keeps an 

energy balance for the engine. 

5.2.A Alternator, Subsystem 2 

Alternator, Subsystem 2, has been represented simply 

as a load requiring constant power. As such, this subsystem has 
no analysis which requires integration. Therefore, the generator 

shaft torque has been characterized as a simple function. 

5.2.5 Diesel Engine, Subsystem 3 

In the detailed analysis of diesel performance, the 

state of the working fluid in all cylinders is defined as a 

function of time. In order to do this, the behavior of the 

supercharger elements and the state of the working fluid in the 

manifolds as a function of time must also be identified. Such 

an analysis is necessary to: (1) reveal conditions of tempera¬ 

ture and pressure which may compromise the mechanical operation 

of the machine; (2) allow a full understanding of the effects 

which dictate the torque-speed relationship of the drive shaft; 

and .(3) make possible an examination of devices and methods to 

alleviate the effects of overpressure. 

Figure 1 (page 5) identifies the parameters which 

characterize the processes occurring in the engine in sufficient 

detail to meet these three objectives. For simplicity, only one 

cylinder is shown in this diagram. 

A detailed dynamic analysis of the diesel engine 

reduces to the prediction of the pressures in all cylinders at 

every instant of time. Knowing these pressures and the crank 

configuration, one calculates the torque, t , one subtracts the 
E 

A 



FIGURE 1 SCHEMATIC DIAGRAM FOR A TURBOCHARGED 

ONE-CYLINDER DIESEL ENGINE 

5 



crank and piston assembly inertia, an<* the friction 

torque, rf, to get the torque, Td> exerted at the engine output 

shaft coupling. In principle, this is expressed as: 

The friction torque depends mainly on speed and to 

a much lesser extent on load, and is usually evaluated fro® 
results of motoring tests, although these tests do not account 

for the influence of cylinder pressure. In our analysis, we 
assume that the friction torque is a function of speed only. 

The friction torque at rated load and speed is typically about 

15 percent of the gas torque so that a precise evaluation of 
its magnitude is not critical to dynamic performance evalua¬ 

tion, particularly under conditions of sudden electric load 

change. 

The pressure within a cylinder depends on the mass 

of gas in it, the gas composition, gas temperature and cylinder 

volume. In order to compute the time varying cylinder pressure, 

one solves an appropriate energy equation, continuity equation, 

and equation of state of the gas within the cylinder at discrete, 

closely spaced intervals of time throughout the engine cycle. 

In order to perform this computation, one must also compute the 

instantaneous states of the gases within the masiifolds through¬ 

out the engine cycle. This calculation is made by application 

of the energy, continuity and state equations to the manifolds. 

In. practice, crank angle is substituted for time as a matter of 

convenience, because valve operation and fuel injection are 

single functions of this variable. 

5.2.6 Turbocharger, Subsystem 4 

The turbocharger is modeled in a quasi-steady—state 

manner. In effect, the ambient conditions and the thermodynamic 

conditions in the manifolds are related through the known per¬ 

formance characteristics of the turbo elements. It is assumed 

that the gas dynamic and thermodynamic performance of both the 

compressor and turbine at every instant of time is character¬ 

ized by steady-state performance maps. These performance maps 

relate the properties of the working fluid at the entrance and 

exit of the compressor (or turbine) as dependent on the shaft 

speed and torque. There is an equation of motion, similar to 

that for the engine crankshaft, to relate the compressor and 

turbine torques to the turbocharger shaft speed. 

i 
• : 
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The performance map for Che compressor is based on 

constant speed data supplied by Cooper-Bessemer, the turbocharger 

manufacturer. As noted previously, the compressor data was not 

complete and must be extrapolated to meet the anticipated per¬ 

formance envelope. This extrapolation process is complete and 

is represented by the compressor map which is plotted as Fig¬ 

ure 2 (page 8). Each curve on that figure represents a constant 
speed condition which relates corrected mass flow to stage pres¬ 

sure ratio. The data collected in the Cooper-Bessemer test 

program terminated at 12,000 rpm. We have extended the map to 

18,100 rpm using the data from the "bootstrap" tests. We have 

also fitted intermediate constant speed lines by a least squares 

error technique. Values of corrected mass flow for conditionF 

of pressure ratio and speed are determined by a linear interpola¬ 

tion method. The expanded map was necessary to interpolate accu¬ 

rately. 

Data which represents the compressor efficiency at 

various speeds and pressure ratios has also been generated from 

the limited test data. This data is represented by constant 

speed lines which relate pressure ratio to efficiency by a 
second order polynomial. Intermediate values are again inter¬ 

polated by a linear technique. These data are shown as Fig¬ 

ure 3 (page 9). 

No such data was available for the turbine, so it 

was necessary to formulate the performance of the turbine in 

equation form. The equations are based on first principles of 

fluid mechanics and thermodynamics, and the small amount of 

information available concerning the turbine. Performance in¬ 

formation generated by this method Introduces imprecision into 

the dynamic performance evaluation of the engine. However, the 

power and torque delivered by the diesel is mainly determined 

by fuel rate and only secondarily by the behavior of the turbo¬ 

charger. This fact significantly lessens the overall effect of 
imprecision in the definition of the behavior of the turbocharger 

turbine. 

5.2.7 Fuel Control, Subsystem 5 

The basis for the mathematical model of the fuel 

control system is a type 2301/LSG control system manufactured 

by the Woodward Governor Company, shown in Figure A (page 10). 
In this application, the fuel control system is used as an 

isochronous control of electric frequency. The governor system 

consists essentially of four separate assemblies shown on 
Figure A (page 10): a frequency sensor, a 2301 control ampli¬ 

fier, a load sensor and amplifier, and a hydraulic actuator. 

The input signal to the frequency sensor is the generator 
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frequency. This frequency is converted to a d-c voltage signal 

which is compared to a potentiometer voltage in order to obtain 

an error signal. This error signal, after being suitably ampli¬ 

fied, serves as the input to the electro-hydraulic actuator, 

where it regulates a solenoid coil and piston assembly which 

, controls the flow of hydraulic fluid in the actuator. The 
actuator, in turn, controls the injector lift position and fuel 

pressure and thus the fuel injection rate. The load sensor pro- 

« duces an output d-c voltage related to the electrical load and 

feeds this voltage to the same hydraulic actuator. Thus, the 

fuel is quickly changed in response to a load change. 

Previous work on engine simulation, particularly that 

related to the testing of the Allison gas turbine (Reference 12), 
had shown that a precise characterization of the fuel control 

system was required to provide accurate performance simulations 

of the prime mover-electric generator system. In particular, 
this prior work made evident that the use of the mathematical 

representation provided by the manufacturer together with nominal 

values for its field-adjustable input variables was not adequate 
for accurate simulations. Therefore, in the program for testing 

the Enterprise diesel, the behavior of the fuel control system 

was determined by application of a more or less standard test. 

In these tests, the characteristics of the two Integral parts of 

the fuel-governing system—the electronic sensing and control 

element and the electro-hydraulic actuator—were measured by 

application of a Model 1410 servo-response analyzer unit manu¬ 

factured by EMR, Division of Weston Instruments, Inc. This 

servo-response analyzer applied sine waves at selected frequency 

as an input stimulus to the system, and measured the sine wave 

(amplitude and phase) response at the output points of interest 

in thj system. The application of the servo-response analyzer 

was rrjde separately to the 2301 control amplifier and to the 
hyd Alie actuator units of the Woodward fuel control. The mea- 

>urcwresponse data were then processed by computer to obtain 

;he f anner function characterization in an analytical form 
(.R: Ä.'t ice 13). 

3.2.8 Manufacturer's Data 

Table 1 (page 12) lists the minimum information 

required to apply this simulation program to the Cooper-Bessemer 

' diesel engine-generator set, or any other specific engine- 
generator set. This table also describes how and where this 

information is utilized by the computer program; viz., as input 

data, as coded FORTRAN statements, or as test data to correlate 

with values computed by the program. This information was fur¬ 

nished by the engine manufacturer. Since the generator was not 

modeled in detail, only a minimum of Information concerning it 

11 



TABLE 1 

INFORMATION NEEDED FOR DIESEL ENGINE SIMULATION 

1. Bore - INPUT DATA: appears In piston cross-sectional area, A(12), and 

piston perimeter A(25) in Subsystem 3 

2. Stroke and Engine 
Compression Ratio - INPUT DATA: appear in cylinder clearance volume, 

A(16); and total displacement volume A(5) in Sub¬ 

system 1, and A(17), in Subsystem 3 

3. Crankshaft Kinematics - SUBROUTINE TABLE: in Subsystem 3 

4. Alternator Frequency and 
Rated Speed - INPUT DATA: appears in alternator frequency over rated 

speed, A(2), in Subsystem 2; and rated speed, A(40), 

in Subsystem 3 

- SUBROUTINE ENVIR: alternator frequency setpoint, G(5) 

5. Rated Shaft and Electrical Power - INPUT DATA: rated shaft power, A(3), 
in Sub 2; rated electrical power, A(7), 
in Sub 2; rated electrical power, A(19), 

in Sub 5; 

6. BMEP and IMEP - CORRELATION DATA: BMEP, G(48); IMEP, G(49) 

7. Brake Specific Fuel 
Consumption - CORRELATION DATA: BSFC, G(51) 

8. Number of Cylinders, Firing 
Order and Strokes per Cycle - INPUT DATA: number of cylinders, L(l), and 

four times no. cylinders, L(2), and number 
of strokes per cycle, L(3), in Subsystem 3; 
Firing order appears in simultaneous crankshaft 
angles for cylinders, X(l) to X(20), in Sub 3 

9. Total Rotary Inertia for 
Engine and Generator and 
Effective Reciprocating , 
Piston Mass - INPUT DATA: total rotary inertia, A(8), in Sub 3; effective 

reciprocating mass of each piston, A(32) and A(33), in Sub 3 

10. Valve Timing Diagrams - INPUT DATA: crank angles for exhaust and inlet valve 
opening and closing, A(l), A(2), A(4), A(5), in Sub 3 

4 

11. Open Area of Inlet and 

Exhaust Valves Versus 
Crank Angl'd on Single « 
Cylinder - FUNCTION AIV, FUNCTION AEV: in Sub 3 

12. Inlet and Exhaust Manifold 
Volumes and Arrangement - INPUT DATA: inlet and exhaust manifold volumes, 

A(91) to A(100), in Sub 3; cylinders #1 - 1120 
connected to inlet and exhaust manifold numbers 

L(31) to L(99), in Sub 3 

12 
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TABLE 1 (Cont'd.) 
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13. A Description of the supercharging 
and/or scavenging system to include 
a description of the components, their 
arrangement, and a complete set of per¬ 
formance data for each component (compres¬ 
sor, turbine, or blower) - SUBROUTINE CMAP, FUNCTION DPIC, SUBROUTINE PCLYE, 

FUNCTION TIC, SUBROUTINE TMAP: in Subsystem 4 

- INPUT DATA: as required in model formulated by 
above subroutines 

14. Cylinder Pressure versus crank angle 
(or pressure-volume) and temperature 
versus crank angle diagrams at 100 percent 
rated power - CORRELATION DATA: peak cylinder pressure, G(15), peak cylinder 

temperature, G(16); and cylinder pressure and temperature, 
Y(j) and U(l,j) for j cylinder in Sub 3 

15. Description of the fuel injection system 
including fuel injection rate at the 
delivery valve of each cylinder versus 
crank angle for 100 percent power - SUBROUTINE RACK: in Sub 3; 

- INPUT DATA: fuel injection begins 
(used only at initial time step), 
A(3), in Sub 3 

16. Fuel injection rate as a function of 
fuel rack position - SUBROUTINE XLIFT: in Subsystem 5 

17. A mathematical description of the controller 
giving the transfer functions describing its resoonse 
to speed and electrical load, and any other sensed 
parameter - SUBROUTINE SUB5, SUBROUTINE YPR5: in Subsystem 5 

18. Ambient conditions for which performance data 
pertains (as applicable) - INPUT DATA: nominal ambient pressure, A(63), in 

Sub 3; 

- SUBROUTINE ENVIR: anbient pressure at inlet, 
G(10), ambient pressure at exhaust, G(ll), and 
ambient temperature at inlet, G(12) 

19. The fraction of the energy in the fuel 
that appears as mechanical friction, 
heat transfer from the working cylinder 
volumes, exhaust heat, - CORRELATION DATA: G(38) to G(43) 

in 
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was required. Where elements of information are missing from 
manufacturer's sources, they must be provided by other knowledge¬ 

able in the technology of diesel engine design and performance. 

In addition to the information listed, it is desirable, if not 
necessary, for accurate simulation to have the performance data 

of Items 4, 5, 6, 15, 16, and 20 supplied for several off-design 

operating points, including points above and below rated power. 

In this specific case of modeling the Cooper-Bessemer diesel, 

the information supplied by the manufacturer was refined and 
added to during the test program at the Cooper-Bessemer Plant in 

Grove City, Pennsylvania. 

5.2.9 Tuning of the Simulation Program 

After all the known algorithms and operating data 

have been programmed either as POSTRAN coding or input data, 
the simulation computer program should be tuned by a series of 

initial runs. The extent of tuning depends on th^ amount ot 
manufacturer's data available for comparison with the computed 

values. 

The minimum amount of test data required for tuning 

the diesel-generator simulation is Brake Mean Effective Pressure 

(Item 6, Table 1), Indicated Mean Effective Pressure (Item 6), 
and Brake Specific Fuel Consumption (Item 7). These values are 

correlated with output appearing in the G array while simulating 

a constant electrical load, i.e., "steady-state. It is desir 

able to also compare the computed energy balance with measured 

values. The energy balance based on percentage fuel energy s 

printed in positions G(38) to G(43) of the G array. This is 
illustrated in Table 13 (page 73) with a detailed description o 

the G array on pages 84 to 88- 

If transient data is provided, additional tuning of 

the simulation can be performed for load change operation. 
Adjusting the coefficients for the fuel control transfer func¬ 

tions, spring constant and frictional force in fuel linkage, and 

burning rate can significantly alter the transient response, 
i.e., frequency error, of the simulation. It is preferable to 

determine the burning rate from steady-state tuning. 

Table 2 on page 15 summarizes the tuning variables 

for steady-state and transient simulation operation. 

Once the simulation program is operating properly at 

one steady-state electrical load, it is easier to achieve steady 

state at a new load by a load change rather than estimating a n™ 
set of input values. Input data for load change runs are set in 

the A array of SUB2 (See page 98)- If the simulation has not 

14 
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achieved a good steady-state at the end of this load change run, 
the user can use the punched cards for the Y array ln SUB3, and 

the computer printout to resubmit a new steady-state run. The 

punch option is controlled by L(14) in the MAIN as shown on 
page 92. 

A checklist of input data required to describe simu¬ 
lation of a new electrical load is presented in Table 3, page 17. 

This checklist assumes the user is satisfied with the previous 

steady-state tuning variables and they are held constant. The 
tuning variables (Table 2, page 15) are assumed to be dependent 
on the hardware and not change for new electrical loads. 

When tuning the program for steady-state operation 
prior to standard air-shock simulations, L(7) in the MAIN input 

deck should be set to 2. The program shall then use ambient 

conditions input by cards rather than set in subroutine ENVIR. 

The current version of ENVIR contains ambient conditions for the 

factory tests at Cooper-Bessemer, Grove City, Pennsylvania, for 
June 21, 1972. Other options with the variable L(7) are presented 

on page 92. Table 4 on page 18 contains a checklist for tran¬ 
sient simulation runs. 

5.3 MATHEMATICAL EQUATIONS 

The equations that follow are those which have been coded 
in the computer program simulating the Cooper-Bessemer model 

LSV-16 diesel engine. These relationships provide the basis 
for the mathematical model and have been displayed here in the 

building block format consistent with the program structure. A 
schematic of the system is shown on Figure 5 (page 20). 

5.3.1 Nomenclature 

2 
A area, in 

A, A', B, B' fuel controller constants, rad-sec-* and 

(rad-sec *)^ 

AF air-fuel ratio, dimensionless 

ai b polynomial coefficients 

Cp specific heat of gas at constant pressure, 

in-lbf-lbm-1-°R-1 

Cv specific heat of gas at constant volume, 

in-lbf-lbm-1-°R-1 
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TABLE 3 

CHErKT-TST OF INPUT BATA CHANGES TO SIMULATE 

STEADY-STATE AT A NEW ELECTRICAL LOAD 

_Input Data___ 

coefficients for equation of motion, G(24)-G(2?) 

inlet and exhaust manifold pressures, G(61)- 

G(84) 

total compressor mass flow, G(58) 

no changes required 

shaft power required and electrical load, 

A(5) and A(8) 

crankshaft angles, X(l)-X(16); advise starting 

all runs with X(l) - 0° crank 

all values describing states of gases in the 

cylinders and exhaust manifolds, Y(l-90); 
advise using punched output from previous run 

at or near same percent load. Be sure that 

these data were punched when cylinders 

positioned as above, i.e., X(l) ■ 

turbocharger shaft speed for initial load con¬ 

dition, Y(l) 

initial fuel control settings to give desired 

actuator position, Y(l)-Y(9), Y(11) 

17 
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TABLE 4 

CHECKLIST OF INPUT DATA TO SIMULATE LOAD CHANGE 

AND/OR OVERPRESSURE CONDITIONS 

Subsystem Input Data 

1. FACTORY TEST LOAD CHANGE 

main - flag for ambient conditions, L(7) - 0 

length of run, A(2) 

SUBI - no changes required 

SUB2 - time when load changes, A(4) 

fraction of rated shaft power before and after 

load change, A(5) and A(6) 

fraction of rated electrical power before and 

after load change, A(8) and A(9) 

SUB 3 

SUB4 

SUBS 

no changes required 

no changes required 

no changes required 

2. STANDARD CONDITIONS AIRSHOCK AND/OR LOAD CHANGE 

MAIN - flag for ambinet conditions, L(7) - 2 

length of run, A(2) 

- ambient temperature about inlet before shock, 

A(39) 

time at beginning of inlet shock, A(39) 

time inlet shock reaches peak value, A(40) 

time at beginning of inlet shock decay, A(41) 

time at end of inlet positive phase, A(42) 

- ambient pressure about inlet before shock, A(43) 

peak pressure of inlet shock, A(44) 

time at beginning of exhaust shock, A(45) 

time exhaust shock reaches peak value, A(46) 

time at beginning of exhaust shock decay, A(47) 

18 
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TABLE 4 (cont'd.) 

Subsvatem 

MAIN 

SUBI 

SUB2 

SUB3 

SUB4 

SUBS 

__Input Data --- 

time at end of exhaust positive phase, A(48) 

ambient pressure about exhaust before shock, 

A(49) 

peak pressure of exhaust shock, A(50) 

no changes required 

time when load changes, A(4) 

fraction of rated shaft power before and after 

load change, A(5) and AC6) 

fraction of rated electrical power before and 

after load change, A(8) and A(9) 

no changes required 

no changes required 

no changes required 
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Cl* C2 

D 

d 

E 

E, 

E, 

-2a 

ER 

e 

F 

FR 

G' 

I 

i 

constants used in fuel control analysis, 

dimensionless 

differential operator, d/dt, sec 

piston diameter, in 

energy, in-lbf 

-1 

E31* E32 

voltage input to fuel control electronic unit, 

volt 

variable used in fuel control analysis, volt- 

rad- sec 
-1 

variable used in fuel control analysis, volt- 

.2 -2 
rad -sec 

variables used in fuel control analysis, volt 

energy released from fuel, in-lbf-lbm 
-1 

eccentric distance between slave rod connection 

and master rod connection to crankshaft, in. 

Coulomb (frictional) force 

fuel rate, lbm-hr 

generator frequency, Hz, or friction coefficient, 

lbf-aec-in 
-1 

gain for fuel control electronic unit, 
1 A 

(volts-Hz )(rad-sec ) 

gain for fuel control hydraulic unit, 

(deg-volt-1)(rad-sec 1)2 

.-1 “2 
gravity constant, Ibm-in-lbf -sec 

heat transfer coefficient, Ibf-sec -in - R . 

or specific enthalpy, in-lbf-lbm 

polar moment of inertia, in-lbf-sec-rad 

electric current, amp 

dimensional constant, in-lbf-Btu 
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PgPRIpi!^^ 

4 -4 
constant, rad -sec 

generated electrical power, kw 

dimensional constant, in-lbf—sec HP 

fuel burning constant, sec ^ 

ratio of specific heats, dimensionless 

master rod length, in. 

lower heating value of fuel, in-lbf-lbm 1 

articulated rod length, in 

mass of piston, Ibm 

mass, Ibm 

rate of change of mass and mass rate of flow, 

Ibm-sec ^ 

angular velocity of crankshaft, rpm 

number of cylinders 

number of strokes per cycle 

turbocharger speed, rpm 

turbocharger corrected speed, -pm 

pressure, lbf-in 

energy, Btu or in-lbf 

gas constant, in-lbf-lbm ^-°R 

crank radius, of master connecting rod, in 

electric load resistance, ohm 

length of piston travel, in, where S - 0 at 

Top Dead Center 

temperature, °R 

time, sec 
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U 

u 

V 

V 

internai energy, Btu or in-lbf, or variable used in 
3 -3 

fuel control analysis, volt-rad -sec 

specific internal energy, in-lbf-lbm 1, or mean 

blade velocity for turbine, in-sec 

volume, ln^ 

, -1 
fluid velocity from turbine stator, in-sec 

electric voltage, volt 

compressor corrected mass flow, Ibm-sec 

X 

Z 

a 

Y1 

e 

T 

T 

♦ 

U 

U 
t 

Subscripts 

a 

ae 

ai 

products of combustion expressed as fraction of 

gas charge, dimensionless 

injector lift, in 

polynomial coefficient 

constant, volt-Hz 

efficiency, dimensionless 

crankshaft angle, degrees 

potentiometer output for hydraulic actuator, volts 

potentiometer output for fuel door, volts 

torque, in-lbf 

time constant in frequency display channel, seconds 

hydraulic actuator output, deg., or u/V5, dimen¬ 

sionless 

angular velocity of crankshaft, rad-sec 1 

angular velocity of turbocharger shaft, rad-sec 

articulated (slave) connecting rod assembly 

ambient about turbocharger exhaust 

ambient about turbocharger intake 
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ak 

aux 

b 

c 

com 

D 

d 

e 

em 

ev 

ex 

f 

fb 

fi 

g 

HT 

i 

le 

Im 

iv 

J 

m 

n 

o 

P 

pk 

crankcase 

auxiliaries 

base 

cylinder, or compressor 

compressor exit 

displacement 

developed, or delay 

exhaust 

exhaust manifold 

exhaust valve 

exhaust 

friction, or fuel 

burning fuel 

injected fuel 

gas 

heat transfer 

in, or inertia 

intercooler 

inlet manifold 

inlet valve 

cylinder number 

master connecting rod assembly 

normal conditions 

rated conditions, or out 

products, or piston 

peak 
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s 

í 

i » 

W 

reactants 

load, or isentropic 

turbocharger, or turbocharger turbine 

wall 

-I- positive phase 

5 station at turbine stator exit 

Superscripts 

» differential operator, d/d6 

. differential operator, d/dt 

* corrected or normalized quantity 

5.3.2 Ambient and Load Conditions, Environment 

As described in Section 5.2.2, there exists, at 

this time three ways to establish engine inlet pressure an 

temperature and exhaust pressure. One of these options is t 

generate a standard airshock. 

The overpressure decay is described by the equation. 

P(t) - Ppk (1 - t/t+) e 

-t/t, 

.here P(t) ie the overpressure (at either Inlet or «h““«) « 
. * _j__i «-Va aVnnV f iront. P - is ttlG PG¿ ;ît«“tî;«;ïürÔ£'t'heshook front, Ppk is the peek 

overpressure, and t+ is the duration of the positive phase. The 

inlet temperature is calculated according to the expression: 

Tltl 
Taio 

p(t) f, + k -_i ml 
‘alo l k+1 PaloJ 

m + ^i 

aio 
k + 1 

where T(t) is the inlet temperature at time t. The values of 
the ramp rate, the duration of the peak overpressure, the dura 

tion of the positive phase, and the relative timing of the inlet 

and exhaust overpressure are input via data cards. 
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5.3.3 Shaft Motion. Subsystem 1 

The equation of motion required to relate the 

cylinder pressures to changes in crankshaft speed can be ex¬ 

pressed as: 

T - T 
s aux dm 

de 

o °o 

where S is linear piston motion, and the summation is carried 

out with respect to each cylinder j. This equation of motion 

takes into account the rotary inertia of the crankshaft, the 

inertia of the pistons, and the friction torque, which is ex¬ 

pressed as 

rf - E fu) (s')2 
1 4 J 

The formulation of friction torque is based on the 

assumption that the friction losses take place between the piston 

and cylinder, and that the friction drag is proportional to pis¬ 

ton speed. 

The equation of motion shown above appears in the 

computer program as: 

du 
de 

a - b*u - c*u - t - t 
_s aux 

d*u 

where 

a 
- J (Pcj “ Pak> APS J 

b - E fu (S'j)2 

j 
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The following equations are used to compute the 

energy balance. The equations are set up in terms of energy 

rates, or power, and integrated over a cycle as follows. 

Q Cl) 

so as to yield the energy which goes into a specific function 

during each cycle. These energy equations are: 

^ - E hc (TcJ - Tw) 

$ - Z f (ws!)2 
E j 2 

’ex 
Cm (T - T .) 
pee ai 

^ic " Cp “e (Tcom " Tic> 

Qem " Aem heml (Teml ” Twem^ + Aem hem2 ^Tem2 Twem^ 

A - i-, (LHV) 
in fi 

T. Ü) 

where: 

T “ T - “ T . 
g f 1 

¡ (pcj - Pak> Ap Sj 
i 2 

i f (s.r 
j 2 

Ti " j Mp [(sj)2 ^ + sj sj “2 

and the summation is carried out over all cylinders j. The 

following performance indices are calculated using the inte' 

grated energies outlined above: 
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B.h.p. - Q wJ/ir K N 
s o c 

I.h.p. - (Qa + Qf) ojJ/ïï Ko Nc 

B.m.e.p. ■ Q J/V« 
r s D 

I.m.e.p. - (Qb + Qf) J/VD 

FR - 3600 Qln uJ/it Nc (LHV) 

5.3.4 Alternator. Subsystem 2 

The alternator has been modeled simply as a load 
requiring constant power. As such, there is little computation 
and no integration performed in this subsystem. Alternator 
torque and frequency are calculated as follows: 

If time is before that at which the load change occurs 

Eg t 
s u 

If time is equal to or after that at which the load change 
occurs 

gofo 

u 
T 
S 

where fo is the frequency setpoint, and in this case frequency 
is calculated as: 

f 

The current program computes a delayed frequency in 
an attempt to simulate the slow frequency sensor used for data 

display during the factory tests at Cooper-Bessemer, Grove City, 
Pennsylvania, on June 21, 1971. This displayed frequency was 

not sensed by the fuel control electronics but was recorded as 

test data. The frequency display channel is represented by the 
simple transfer function: 

Afd - Af/(Dt + 1) 
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5.3.5 Diesel Engine, Subsystem_3 

As previously discussed, the application of the 

energy equation, . continuity "Æ So oo^ll- 

rionrt^^L^^ ln^.^ oLtn:!e4y.te.arrct:Ustlc 

Sr- SS^Sxrt :i ää1- 
folds are also required. ™ teXt8 on thermodynamics, gas 
equations can be found in standard /R_ferences A-7). Special 
dynamics, heat transfer, and ®echani ( in any number 
forms useful to engine design andanalys pp (aefeJences 3t 

of papers and texts on internal combustion J 8Umprized. 
8-10). Accordingly, the forms we use will be brietiy summe 

The energy equation applied to open system: 

da _ MV 
dt ~ dt 

P- + 1 m H - ï tn.h. 
o o i dt 

With combustion: 

dE 

dt 

dU 

dt 

dU. 
_r 

dt 

Without combustion: 

T1 - £ (®u) dt dt 

Heat transfer: 

42 . h (ic - V 

The continuity equation applied to open ayate« 

dm _ - m, - m 
dt i o 

Perfect gas relations: 

PV - tnRT 

C - C - R 
P v 

<-k 
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h - CT 
P 

u 

Isentroplc compressible flow through an orifice: 

for ^ 1 0.53 

*1 

for ^ < 0.53 

*1 

Gas composition within volume under conditions of perfect mixing: 

dx 

dt m 

By combination and manipulation of the above-listed 

basic thermodynamic and fluid dynamic equations, we arrive at a 

set of equations suitable for describing the processes occurring 

in the cylinders and manifolds of a multi-cylinder, turbocharged 

diesel engine. These equations are written for the most general 

case, and thus will describe processes occurring during the 

intake, compression, fuel injection, combustion, expansion, 
exhaust, and scavenge parts of the cycle. It should be pointed 

out that some terms are zero during parts of the cycle.* All 

operations common to both two-and four-cycle engines are present. 

Crank angle is taken as the independent variable relating all 

events in the cylinders and manifolds. The following equations, 

where the superscript ' indicates d/d6, describe processes 

occurring in a cylinder: 

The fact that some terms are zero during parts of the cycle is 

illustrated clearly in Figures IV-1 to IV-3 of Reference 11. 

Contrary to the note in Figure IV-1, the flows, m, as used in 

the current analysis, are always signed quantities. It should 

be noted also that some of the equations in these figures do 

not apply to a turbocharged engine. 
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k - 1 
wV_ [- hc AHT <Tc - V + (ER)(ifb>] - f Pc Tc 

RkT. RkT, , 
—— ni. __ in 
V iv V ev 

where: 

T, - T 1m c - im 

- T p > p^ c im 

T- - T P > P 
c — em 

- T 
em 

P < P 
c em 

m - m.. + m. - m 
c fb iv ev 

< - t+ AF - *=] + îr - -J - ^ [v - xc] 
mf “ mfi “ “fb 

P V 
c c 
m R 
c 

The flow through the valves is described as follows: 

m 
iv 

- 2.05 
Aiv Pim 

im 

l/k 
k-ln 

p \ k 
1/2 

0.53 Piinlpclpim 

0.532 
A. P, 
iv im 

Pc ‘ C-53 Pl» 
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- - 2.05 
A. P 
iv c 

“ VïT 
im 

1/K 
r k-l-il/2 

0.53 P < P, < P 
c — im c 

- - 0.532 
A j P 
iv c 

Vt7 
P, < 0.53 P 
im c 

>m - 2.05 
ev 

A P 
ev c 

u VT L 
em 

1/k 

■fr) 

k-l-|l/2 
k 

0.53 P < P < P 
c — em — c 

- 0.532 
A P 
ev c 

b) \rr P < 0.53 P 
em c 

- - 2.05 
A P 
ev em 

u \/t 
* em 

r» "ii/k 

em -fc 

k-lU/2 
k 

0.53 P < P < P 
em — c em 

- - 0.532 
A P 
ev em 

u t/l 
” em 

P < 0.53 P 
c em 

The numerical coefficients given are applicable only 
to the inch, pound force, pound mass, second, degree Rankine 
system of physical units which has been used in this analysis. 
The valve areas and A^ are computed from crankshaft angle 

by means of least square fits of the valve area curves provided 
by the engine manufacturer. 

where: 

The processes in the inlet manifold are described by: 

£T3 mi 
s t4 

T- « T 
ic 

'im 
m^ < o 
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I 
I 

. T 
im c 

and the summation is over all of the inlet valves. 

mim ‘ "i ' 1 mIv 

im 

m! m! 
-i- », - Î (X - X. > 
m. im m. c im 
im im 

P V 
rim im 

im m. R 
im 

The processes in each of the exhaust manifolds are 

similarly described by: 

em 
jSS. T- T. m' + E T, m' I + ~ (- 
^ 5 e 6 uVem 

hem Aem^Tem " Twem^ 

where: 

- T 
em 

m^ _> o 

- T 
ae 

m^ < o 

> P 
‘ c — em 

- T 
"am 

< P 
em 

and the summation is over all of the exhaust valves connected to 

a particular manifold. The last term in the pressure equation 

takes into account the change in pressure due to heat trans¬ 

ferred from the exhaust manifold gases to the water jacket sur¬ 

rounding the exhaust manifold. 

m 
em 

« 

- m + E m' 
e ev 

em 

m m^„ 
+E_ëV(x-x) 

m em m m v c em 
em em 

P V 
em em 

am m R 
em 
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The following equations are used to automatically 

adjust, as desired, the coefficients determining the friction 

loss and the heat transferred to the cylinder walls in order to 

match computed steady-state performance with energy balance 
data supplied by the manufacturer. The friction coefficient is 

determined by: 

where is the energy loss corresponding to an arbitrarily 

chosen (or the last computed coefficient) coefficient fx> and 

fQ corresponds to the desired energy loss, Q^. The analogous 

equation for cylinder heat transfer coefficient is: 

h 
co 

In both of these equations, the energy loss rates are expressed 

in terms of a percentage of the power equivalent of the incoming 

fuel. 

The equation for adjusting the heat transfer coef¬ 

ficient during transient conditions has been expressed as: 

" 8 

The heat transfer coefficient characterizing the 

flow of heat from the exhaust manifold gas to the water jacket 
surrounding the exhaust manifold has been handled In a similar 

manner : 

The general form of the fuel injection schedule for 

a cylinder is shown in Figure 6 (page 35). Fuel injection 

begins somewhat before top dead center, the injection rate 

rises linearly to a maximum, remains constant for a period, and 

then decays linearly. 
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After the fixed delay, the burning rate thereafter 

is proportional to the product o? the unburned fuel in the 
cylinder and a function of the air-fuel ratio. That is: 

K3 m£ t e 

-(1- xc) m 

45 

The delay time under conditions of environmental 

transients is adjusted in accordance with the relation: 

6 
d 

expressed in terms of crankshaft angle. This latter equation 

results from the assumption that the delay time of a given 

diesel-fueled engine is determined by mass and heat transfer 

to-and-from the fuel droplets and a subsequent simplification 

of the relationship which governs these transport phenomena. 

The constant, K^, the normal delay time and the 

cylinder heat transfer coefficient are adjusted to get a best 

match between experimental and computed indicator cards for a 

rated power condition. 

In the Cooper-Bessemer LSV-16 diesel, the angles 

82 and 8^ are computed as functions of the injector position. 

These functions were obtained from polynomial curve fits by the 

least squares method using injection timing data supplied by 

the engine manufacturer. These data were from fuel injector 

bench tests conducted by Cooper-Bessemer. The injection rate 
ramp, 62 - 8^, is set as constant; 8^ - 8^ is computed from a 

linear least squares curve fit to test data recorded on June 21 

1971 at Cooper-Bessemer. 

The total fuel delivered during a single injection 

is the integrated area under the fuel Injection schedule. 

m 
fi 

dmfi 
de 

d8 

8 
1 

This simply reduces to: 

max 
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V de /max The value 1-^-1 is the top of ramp fuel rate for 

a single cylinder. 

The mass fuel rate for the LSV-16, mfl> was deter¬ 

mined by actual weight measurements of fuel consumad during che 

tests at Cooper-Bessemer (June 1971). Since the fuel injector 
pump Pressure for the bench tests was different than the on-site 

ensine, these test data were used in lieu of the manufacture 
specified fuel rate curves. However, it should be noted that 

the injection timing data are singularly a theT^r “ 
ware viz., kinematics of fuel cam, and were applicable. The 
top of ramp fuel rate is determined from the total fuel consump¬ 

tion and injection timing by: 

tei\ 
\ de /max 

N m-. 
s fi 

2N w(-. - e2 + 2 (e2 - 3l + 04 
- 6 Ü- 

JV 360 

It should be noted that to adapt the above equation 

to a new engine only, the algorithms for fuel consumption, mfi, 

and injection timing, 02. 63, 64» «quire revision. 

delay angle. 

In Figure 6 (page 35), 0d represents the ignition 

The algorithm for fuel rate is programmed as: 

m -- .02027 + 4.55788Z + 123.07835Z2 
fi 

The last relationship involved in the injection and 

combustion processes is a correction to the lower heating value 

of the fuel which takes into account the differences ne>. ween 
theïombustion process in the cylinder and the laboratory methods 

used to measurePthe lower heating value. This expression for 

the effective energy released by the fuel during combustion is. 

ER - LHV + ai (Tc - Tb) - a2 (Tc - Tb)2 

The form of this equation results from the fitting of J second 
order curve in Tc - Tb to the results of a thermodynamic analy 

sis of the combustion process. 
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To evaluate the equation of motion, it is necessary 
to describe the piston kinematics as a function of crank posi¬ 
tion. The kinematics for the Cooper-Bessemer LSV-16 Diesel 
involve master and articulated (slave) power rods. This con¬ 
necting rod assembly is illustrated by Figures 7 (page 39) and 
8 (page 40) which were forwarded to ADL. The mathematic equa¬ 
tions describing this geometry are shown below. 

Master (left bank) connecting rods: 

S - S 
it 

m 

where: 

R + L - R cos 6 - (L2 - R28in20) m 

1/2 

_ 2/2 

- R sin0 + 1/2 (L2 - R2 sin2 9) R2 sin 26 

— 1/2 
Sm " R cos0 + r2 cos20(l2 - r2 sin2 0) + R* sin2 0cos2 0(L2 - R2sin 

Articulated (right bank) connecting rods: 

S ■ 8,81 ■ 8*, s" ■ s" 
â a a 

where: 

S - R + e + Ä, - (R cos (0 + ß)+e cos (8 - $ - ~) + ft cos Y) 

i R 
S ■ R sin(0 + 8)+ —s- e cos 
8 2L2 

(B - <0^1 - ^ aln2ej 

r 1/2 

sin29 

— 3/2 

“ j 6 sln($ - «) cosd + 1(1 + n*) 

L "se 

" R* 
S ■ R cos(9 + 8)+ —T e cos(8 - “) 

21/ ■^~2 ~ 8l1*2 sin2 20 

- 3/2 

+ 2cos 20 ~ sin 9^ 

- 1/2 

(• 

R 
+ e — sin(8 - «) sin0 

+ ft - 3(1 + n ) 
- 5/2 

(" + (" ¡¡2 + (le))(1 + ’''i 3/2] 
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FIGURE 7 

CONNECTING ROD GEOMETRY 
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where: 

i ¡i 

4 

* 
i ï 

/ n - z/V í2 - z2 

la . ü 
ae " as [zV - 2v- 3/2 . ,-2 «2n- 1/2 

Z‘) + (£ - Z“) ] 
a2n 22" 1/2 

- (Ä,2 - ZZ) 
36 M 2p + 2'aZ- 

+ 323(i2.22,2(||)2+^ + 
(22 - *2> 

(t2 - Z2) 

'] 

■‘=1 
z - R sln(6 + 0) + e sin(0 -<!>-“) 

— - R eos 0 eos 6 - R sin 0 sin 0 - e sin (0 - “) sin 20 
30 2IT 

(l - ÿ sin2 e) 

- 1/2 
- f e eos (0 - “) eos 0 

2 

- - R eos 0 sin 0 - R sin 0 eos 0-£ e sin ^ ~ 

30 2L 

^¿- ^1-^ 8in2 6) (SÍn2 26) + 2 C0S 29 f ” I2 SÍn20) ] 

5.3.6 Turbocharger. Subsystem 4 

The turbocharger model is built around its equation 

of motion: 

“t - 

The compressor performance is represented by the map of perfor¬ 
mance data shown in Figure 2 (page 8). Given the values for 

N 
* 

t 
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i 

I 

and the pressure ratio, Pc/Pal, the map returns a value for the 

corrected mass flow Q^540/Tai and the compressor efficiency nc 

for each of two manifolds. The following equations are used to 

calculate the mass flow through the compressor, the compressor 

exit temperature, and compressor torque: 

W 

T 
com 

T 
C 

m. 

Cp mi Tal 

nc “t 

k-1 

fer- 
The intercooler, during the time spans of interest 

for simulation (less than 10 seconds), has an almost constant 
exit temperature for the entrance temperature excursions which 

result from an air shock of magnitude of ?o established as a 

criterion for design of NIKE-X/SAFEGUARD Power Systems. However, 

the intercooler temperature varies significantly for different 

steady-state operating points. Therefore, the intercooler tem¬ 

perature has been treated as a function of mass air flow through 

the intercooler. This function was obtained by a least squares 

curve fit to empirical data obtained at several steady-state 

operating points during the tests at Cooper-Bessemer in June 

1971. 

Since there are six manifolds exhausting to the turbo¬ 

charger turbine, this unit has been treated as if it were dis¬ 

tinct units, one for each exhaust manifold, with the exhaust 
streams mixing after the turbines. Thus, the following set of 

equations is used for each part of the turbocharger. 

u ■ 0.627 (i)^ 
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After these calculations are completed for each 

exhaust manifold driving the turbine, the total torque, total 

mass flow, and exhaust temperature are calculated as follows: 

6 

6 

6 

T 
e 

5.3'.7 Fuel Control. Subsystem 5 

The fuel control system for the Cooper-Bessemer 

LSV-16 Diesel engine-generator set contains four distinct com¬ 

ponents: 

- a frequency sensor 

- a 2301 amplifier 

- a Woodward Load Sensor 

- an hydraulic actuator 

The following three transfer functions were used to 

mathematically describe these components 

The transfer function best describing the 2301 

amplifier and frequency sensor: 

E1 - Yl(Af) 

e3 a1(d + a2)(d + a3)(d + a4) 

®1 D 

where: 

E1 - 2301 amplifier's Input voltage (volts) 

Af » frequency error (Ha) 

E3 ■ 2301 amplifier's output voltage (volts) 

Ax - 0.671028 



Ag - 0.454837 

À3 - 3.41375 

A. - 1006.72 
4 

Ag - 20.9821 

Ag - 616.105 

The Cooper-Bessemer LSV-16 Diesel engine-generator 

set also Includes a load sensing device with the fuel control 

system. The transfer function given by the manufacturer 

(Woodward Governor Company) is: 

e2 ^ D + 1 

L% " K T2 D + 1 

where: 

E- - load sensor output voltage, drive voltage 
2 at the coil of the hydraulic actuator (volts) 

L% - electrical load (percent) 

K ■ .0282 (volts/percent) 

Tj^ ■ .8 (sec) 

T2 .4 (sec) 

Measurements made during the week of June 21, 1971 

by ADL at Cooper-Bessemer show a value: 

K ■ .0580 (volts/percent) for 60% to 110% load range 

Different values of the constants T^, T2 were mea¬ 

sured for up and down changes between 60% and 110% loads. 

60% to 110% Tj^ - .738 

T2 - .495 

110% to 60% T. - .585 

T 

The values currently input to the simulation of the 

LSV-16 for the load sensor were developed from tuning the com¬ 

plete fuel control system which includes a model of the 2301 

amplifier, load sensor, hydraulic actuator, and fuel linkage. 

Inconsistencies in any of these components on the real engine 

makes it necessary to change the value of known parameters of 
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other components to better match the fuel óellvery measured for 

load changes. (See Section 5.2.9 for a discussion on tuning.) 
The short term constants, and T2> for the load sensor were 

adjusted to Improve the simulation of measured load changes. 

The value of the long term constant, K, was adjusted 

within the accuracy of the measured data to meet the requirement 

of the bias voltage Into the hydraulic actuator at 60Z and 110% 
steady-state operation. At steady-state operation at these two 

loads, the actuator required a unique voltage Input to It from 

the 2301 amplifier and load sensor to match the data measured 

via a potentiometer. The 2301 amplifier outputs a bias voltage 

(at zero frequency error) of 2.614 volts. By changing the 
constant K to .0559 (volts/percent), the same 2301 bias voltage 

combined with the load sensor output satisfies the actuator posi¬ 

tion at both a 60% and 110% load. 

The values currently Input for the load sensor are: 

K ■ 0.0559 (volts/percent) 

T1 - 1.2 

T2 “ 0.3 

The transfer function for the hydraulic actuator: 

1_ 

+ e3) 

U, 

(D + U2)(D + U3) 

where: 

E2 + E3 

U 

u 
u 

1 

2 

3 

hydraulic actuator output position via 

voltage on potentiometer (volts) 

hydraulic actuator Input voltage which 
Is sum of voltages out of 2301 amplifier 

and load sensor (volts) 

807.167 

97.9718 

11.4239 

Inconsistencies occurred In the transfer functions 

resulting from the data obtained from measurements on the 

hydraulic actuator Inasmuch as the phase data were poorly fitted 

by the transfer functions obtained by the least squares fitting 

process when applied to all data, phase data only, and amplitude 

data only. Our judgment, based on the advertised behavior of 
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the hydraulic actuator, is that the transfer function obtained 

by fitting the amplitude data only is the most trustworthy 

obtainable. This is the transfer function presented above. 

Recorded strip-chart data from load changes on the 

Cooper-Bessemer LSV-16 Diesel indicated an actuator transport 

deadtime of 20 to 30 milliseconds. After close examination, 

this deadtime was also found in the servo test data made on 
the same engine. The simulation accounts for this transport 
deadtime by an input variable, currently 25 milliseconds. At 

any simulated time, t, the fuel linkage spring mass system 

equation is supplied the actuator position which was computed 

with the actuator transfer function 25 milliseconds earlier in 

time. Thus if is presented as a function of time: 

S 
! 

; 
;; 
; 

1. 

i 

e* (t) - e1 (t - .025) 

where: 

ft 
0 (t) * position being demanded by hydraulic 

actuator, volts, at time t, seconds, 

including transport deadtime 

0. (t - .025) ■ position computed by hydraulic actua- 
1 tor, volts, at time t - .025, seconds, 

resulting from transfer function 

The response of the fuel control system is communi¬ 

cated to the fuel delivery system by a mechanical linkage com¬ 

monly referred to as a common rail system. This linkage was 

modeled by a spring mass system with Coulomb (friction) damping. 
This is numerically described by the following equation of motion 

in differential form: 

0 
Id 

F 
ei> + m 1 m 

0 

where: 

m - mass of system (Ibm) 

0 - dynamic (actual) position of fuel linkage at 

hydraulic actuator end via potentiometer, 

volts 

0* - position being demanded by hydraulic actuator 

via potentiometer, volts, including transport 

deadtime correction 

k ■ spring constant of system (Ibf/volt) 

F - Coulomb (frictional) force in system, Ibf 
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The position of the fuel door is then determined 

from the static relationship developed from tests at Cooper- 

Bessemer, Grove City, Pennsylvania by: 

02 - 1.63 + 1.411 0ld 

where: 

0 ■ position of fuel door control shaft via 

potentiometer, volts 

The fuel injector lift is determined by another empirical equa¬ 

tion: 

Z - .007 + .0041845 (02 - 2.13) 

where: 

Z - injector lift, Inches 

The fuel rate and Injection timing are computed as functions of 

Injector lift. (See page 37.) 

6. ACCURACY LIMITATIONS 

A discussion follows of the major assumptions inherent to this 

analysis. He assume the state of the fluid in the cylinder and 

manifolds at any instant of time is uniform throughout the vol¬ 

ume; that is, in each case at a particular Instant, it is char¬ 

acterized by a single value of pressure, temperature, and 

composition. 

The assumption of a homogeneous mixture having a single instan¬ 

taneous state within the cylinder is a common simplification of 

engine performance analysis. As applied to the manifold, it has 

the effect of smoothing out pressure waves within the manifolds. 

To have real validity, the characteristic wavelengths associated 

with a pressure disturbance felt by the manifold must be long in 

comparison with the length of the manifold. Inherent in this 

assumption is the stipulation of complete mixing within the 

manifolds. 

The assumption is made that the gas constant and the specific 

heats of the cylinder charge are constant and independent of 

pressure, temperature, and composition. The gas constant is 

little affected by gas composition for equilibrium products of 

combustion. The assumption of constant specific heats will not 

materially Influence the dynamic load-speed relations for the 

48 

«üüMiÜMli màit^àmÊÊÊiiiíÈÊtaÊaÊÊtÊ ■HUriailÜi rntrntoá 



ijwaswBÄ 

engine having once made adjustments in the cylinder heat trans¬ 

fer and combustion models to match actual engine steady-state 

performance at rated power points. 

A constant heat transfer coefficient and cylinder wal] tempera¬ 

ture is assumed. Heat transfer to and from the working cylinder 

is computed on the basis that heat transfer takes place across 

the cylinder wall whose inside surface is exposed tc the working 

fluid; this area is variable with stroke; and the value of the 
heat transfer coefficient and cylinder wall temperature are 
selected so that heat rejection to the cooling water corresponds 

to operational experience or test data, if available. Because 
the torque and power developed by a diesel engine are relatively 

insensitive to the heat rejected to the cooling water (as more 

is rejected to the cooling jackets, less is rejected in the 

exhaust), this simple analytical model is considered adequate 

to account for heat transfer effects. 

The breathing characteristics of the cylinder are defined in 

terms of appropriate compressible flow relations. The valves 

are treated as variable area orifices. The flow through them 
is treated as quasi-steady state. The flow areas for the valves 

are set by analytical expressions that approximate their open 

area as a function of crank angle derived from valve lift dia¬ 

grams. The actual open area is reduced by a constant orifice 

flow coefficient to get the effective flow area. This analytical 

model of the breathing characteristics of an engine represents a 

reasonable practical limit of technical sophistication and ap¬ 

pears to be sufficient for the purpose. 

The rate at which heat is released within the cylinder during 

combustion is most difficult to express analytically with any 
precision. The physical processes involved are so complex that 

to attempt an exact theoretical treatment is not practical at 

this time. The best that has been done is to use a combination 

of theory and empiricism to specify a burning rate. (For 

example, see Reference 3.) 

7. REMARKS 

The development of a mathematical model of a diesel is not 

straightforward; however, the following suggestions are made for 

the programs developed. 

Obtain good steady-state data sheets for steady-state operation 

of the diesel at various load conditions. This data must 
include a cylinder and exhaust manifold pressure time history 

and fuel consumption. 

49 

¡aim MÛ ÉÉÍÉÉÉÉ ... 



Calculate friction torque from the cylinder pressure time his¬ 

tory. Adjust friction factor to get BMEP. 

Adjust cylinder combustion burning rate to get experimental 

BiEP and BSFC. 

Adjust cylinder and exhaust manifold heat transfer coefficients 

to obtain experimental heat rejection. 

Adjust compressor and turbine efficiency to obtain steady-state 

turbocharger rated speeds. 

Obtain frequency error during load change tests. 

Tune fuel control gain ’.nd time constant to simulate actual 

frequency errors. 
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PART II - COMPUTER FUNCTIONAL DESCRIPTION 

1. REVISION LOG 

Date Changes Comments 
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2. FUNCTIONAL FLOW CHART 

The Clock or MAIN program controls the solution of the 

equations which describe the performance of the LSV-16 

engine. As previously described, these equations are , 
separated into 5 subsystems, which are integrated numeri¬ 

cally to determine the state of each system as a function 
of time. The flow of information to describe this inter¬ 

action is shown on the Functional Flow Chart, Figure 9 

(page 55). 

3. EQUIPMENT AND OPERATING SYSTEM 

The program has been developed primarily on CDC 6000 
digital computer equipment where it requires 68K words of 

storage. Essential configuration consists of a card 

reader, a central processing unit, a tape or disk drive, 

and a printer. 

A. INPUT REQUIREMENTS 

The main program and each subsystem requires a separate 

input deck. Thus, for the LSV-16 program, six input decks 

each having a fixed format as per Table 5 (page 56), are 

required. A sample of one input deck is shown on Figure 

10 (page 57). The complete input deck setup is shown on 

Figure 11 (page 58) which illustrates the job stream. 

5. SECONDARY STORAGE INPUT FORMAT ï 
-— I 
There are no secondary storage input devices required. I 

6. INPUT DATA DESCRIPTION 

6.1 DATA DECK 

A data deck consists of six independent sets of in¬ 

put cards, each applying to a specific subsystem. The * | 

order of these input sets must agree with the order in j 
which the input subroutines are called by the MAIN: MAIN, ^ j 

Subsystem 1 (equation of motion), Subsystem 2 (alternator), ¡ 

Subsystem 3 (diesel engine), Subsystem 4 (turbocharger), and j 

Subsystem 5 (fuel control). j 
\ 
ï 
1 
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TABLE 5 

DATA CARD FORMAT 

Cl, C2, II, 12, Z in FORMAT (Al, IX, Al, 213, IX, 6F10.5) 

Cl (column //1) alphabetic character - I for input data on card 

■ P for print instructions on 
card 

■ R for return, terminates 

C2 (column //3) alphabetic cha4acter (variable name) which can be 

A, B, F, G, L, X, Y 

Il (columns //4-6) value of subscript for first parameter appearing 

on card, or to be printed 

12 (columns //7-9) value of subscript for last parameter appearing 

on card (6 items or less per card), or last parameter to be 

printed 

Z (columns //11-70) numerical values of vector 

I 
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•O-.-'•• 'fil 

END OF DATA SET 

PRINT 

INSTRUCTIONS 

Vi Y 19 

yp F lX 

r? B 1.14 Tin 
10 

initial 
VALUES 
START 

TTTTyû) ÿ(2) 

" 1 ' 
fJ:i XTi xd) 

TIME / I 

CONTROL 

CONSTANTS 

8 9 L(8) L(9) 

1 
2 L(4) L(2) 

CONSTANTS^ 

A 7 7 A(7) 

J-L 
TTT¿|A(1)1 A(2) , Aor, A(4) 1 A(5) ( A(6) 

■ i --- 1 ..-1- 
TITLE 

(BLANK CARD) 

i i 
CARDS '/ PART Á - EQUATION OF MOTION 

FIELD NUMBERS 

FIGURE 10 - MAIN OR SUBSYSTEM INPUT DECK 

(SAMPLE) 
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FIGURE 11 

JOB STREAM 
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Each input set starts with two title cards and ends with 

a return card, R. The sequence of data cards within each in¬ 

put set is unimportant. This is due to the alpha-character 

testing performed by the input routines. Each input subroutine 

accepts the variables: X, A(I), B(I), F(I), L(I), Y(I), and, 

in addition, G(l) in the MAIN for the data format. 

Data preparation for the LSV-16 is an extensive task. As 

an aid, input data keys have been prepared on Tables 6-1111 

(pages 60 to 67). The variables which appear on the input cards 
are shown on this key. The variables are defined in paragraph 

11 which also gives the source of the particular input variable. 

For simulation of the LSV-16 at various electrical load 

levels only a portion of the data must be changed. These vari¬ 

ables are listed on Table 3 (page 17)- An example of a typical 

data deck is shown on Table 12(page 69). 

6.2 MAIN INPUT DESCRIPTION 

Each variable shown on the input coding key, Table 6 

(page 60), must be present in the MAIN input data deck. This 

data deck controls the air shock transients which are applied 

to the diesel power system. Specifically, the standard air 

shock may be applied to the system by the adjustment of the 

variables A(30) to A(50). A typical data list is shown on the 

example case. 

Note that within each subsystem's input data deck are vari¬ 

ables which are repeated, i.e., overlayed input. This illustrates 

that new values can be assigned to variables already input with¬ 

out removing or altering the original data card. The simulation 

program uses the last value assigned for all computations. 

6.3 SHAFT MOTION. SUBSYSTEM 1. INPUT 

Each variable is shown on Table 7 (page 61). No variables 

should be changed for any transient load or shock conditions. 

6.4 ALTERNATOR. SUBSYSTEM 2. INPUT 

Each variable is shown on Table 8 (page 62). Variable A(3) 

is the initial shaft power. This may be calculated from the 

alternator load and the alternator efficiency. A(4) is the time 

of the load change and A(5) is the fraction of the shaft power 

which is retained after time A(5). Variables A(7) and A(8) are 

the load power in KW before and after load change. 
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6.5 DIESEL. SUBSYSTEM 3. INPUT 

variafcîhrT“îî ^îticimu (A variable?) and counters (L 
variable»! should not be ch«og®d during a transient. Onlv the 
depmdent v.ri.bl« (r «rUbl«) ,ho«ld ■>. chân^d if tS 
SîfrfVVii* ?1,f5r“t •t“djr-.tat. iMd cODditlon. Each 
lnput variable Is shown on Table 9 (page 63). 

6.6 TURBOCOMPRESSOR. SUBSYSTEM 4. INPUT 

Only Y(l), the turbine shaft speed, should be changed for 

£tuV(Pi8nron*' ^input ™rubu is -- «" 

6.7 FUEL CONTROL. SUBSYSTEM 5. INPUT 

. changes are required for the fuel control for air shock 
o„ laad change simulations starting at the same load. Only the 
Y values need be changed for new initial loads. (See Table 3 
page 17). Each Input variable is shown on Table 11 (page 67)1 

7. SUMMARY OF REQUTBEn TAPng 

Hie entire job deck including the CDC control cards for compi- 

o?“h" a tfcLHIT/T,10" c°f the W-16 P«*™ “■> «ecutlon ot the attached data deck is shown on Figure 11 (page 58). 

8. PROCTAM OUTPUT 

8.1 INPUT CARD LTST 

the/f®rt °5 each computer run, tlie input data cards are 
read in, and then listed In order. This listing is merely pre- 

nert*n»a7’ ^ ^ referred t0 only in case some trouble, 
perhaps due to an error In the data cards themselves. Is to be 
analyzed. It should be noted that each data set is printed on 

DATAFOR SUBI8» 1® Ubal;d 1,1 th a statement such as "INPUT 
F°î SÜÏÎ’ ! Wel1 88 th® lnformatlon on the TITLE card of 

12 ci««if?Vrint0Ut 18 lllu8trated i» example case, paragraph 
Sectioí 8?4f °Verpre88ure data 18 n°t listed as described in 

8.2 DIAGNOSTIC PRINTOUT 

The diagnostic printout is controlled by the input data 
cards with a P in column 1 (see Table 12, page 69). This allows 
the programmer to select variables to be printed out without 

St8te®ent8* Each subsystem has its own indi¬ 
vidual set of diagnostic output. 
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TABLE 12 

SAMPLE DATA LIST 

CCOPER-BESSEMER LSV-16 OIESELtllO PERCENT L0« 

2 
2 
2 
2 

38 
2 
4 
5 

14 

2 
3 
2 
2 

38 
7 
4 
5 

16 
22 27 
57 57 
60 60 
61 66 
67 72 
73 78 
79 84 

1 90 

2160. 
720. 
1440. 
90. 

541. 
1. 

1. 
9. 

»1.0 
0. 

1310. 
572.5 
22.65 

19.3 
19.3 
19.3 

5.0 

9. 

0. 
850. 

0. 
986400. 262.3 19.36 346300. 

7.015 572. 
1391. 

1293. 
1365. 

22.65 
19.3 
19.3 
19.3 

7.015 572. 
1378. 

1345. 
1328. 

pm 1 - EQUATION OF MOTION 

P V 
R 
PART 

6 
7 
2 
9 
1 
2 
1 

10 
15 
10 
10 

0.08726646.0174532931.68327E»8 9338.0 

6600.0 
10. 1. 

4.0 -2.0 
0.0 
37.699112 0.0 

67041.41 3.14159265 

2 - ALTERNATOR 

1 
I 
I 
I 
I 
I 
I 
P 
P 
R 
PART 

A 
A 
A 
A 
A 
L 
X 
X 
L 

.045 
0.0025 

1.076 
2950. 

1.078 
2 0. 
1 0.0 
1 

10 

4 
6 
7 
9 

1.591549 
.6029 

2.6995E+07 20. 

.5966 
1. 

3 - DIESEL ENCINEt SIXTEEN CYLINDERS 

1 
7 
9 

14 
19 
25 
29 
32 

5 
12 
10 
17 
21 
25 
30 
36 

37 42 
37 42 
43 48 

35. 
15.00 

.50 
640. 

.017453293 
48.6946 

3.14159265 
1.77795 
6.0 
6.0 

5.00 

200. 
344455. 

105. 
900. 

1.4 

338. 
.42 

475. 
90. 

640. 
•1682148E9 188.6917 

415.122 
896.0 

67041.41 

720. 
92805 

4.1 
4.1 

22.65 

9338.0 
.18866 
.18866 
10.0 

2250. 
37.6991 
37.6991 

0.001 

3.0 
2.5 
1.0 

0.001 

2.5 
2.5 

0.001 
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TABLE 12 (Cent.) 

'-v 

A 
A 
A 
A 
A 
A 
A 
A 
A 
A 

I A 
I A 
I B 
I B 
I B 

I 
I 
I 
I 
I 
I 
I 
1 
1 
I 
I 
1 
1 
I 
I 
I 
I 
I 
I 
I 
I 
I 
1 
I 
I 
I 
P 
P 
P 
P 
R 
PART 

*9 54 
46 49 
52 53 
52 52 
55 60 
55 55 
58 59 
61 64 
63 64 
65 65 
91 92 
93 98 

1 1 
37 37 
39 39 

1 5 
11 16 
16 16 
18 18' 
21 24 
31 36 
37 42 
43 46 
51 56 
57 62 
63 66 

6 
12 

0.001 
.005 
.6 
.46 

520.0 
540. 
1.8 

0.50 
14.10 
73.61 

44490. 
5894. 

0.0 
3.0 
.50 
16. 

1.0 
1.0 

22.0 
0. 

0.0000050 0.0000050 1.45 
.005 

4112. 

197.6 

1.8 
1.15 

2.412 

44490. 
3561. 

0.6381 

14.7 

0. 70 

3.455 

2435.0 

0.70 

700.0 

0.50 

6670. 5037. 5980. 

64. 
2.0 

4. 
3.0 

35. 
4.0 

2. 
5.0 

5835. 

0.0 

1 
7 

13 16 
1 6 
7 12 

13 18 
19 24 
25 30 
31 36 
37 42 
43 48 
49 54 
55 60 
61 66 
67 72 
73 78 
79 84 
85 90 

1 60 

6. 2. 1. 
1* 1. 1. 1. 1. 1. 

1. 1. 2. 2. 2. 2. 
2. 2. 2. 2. 
2. 5. 5. 4. 4. 6. 

3* 1» 2. 2. 1. 
5. 3. 3. 6. 

0. 540. 90. 270. 630. 450. 
180. 360. 396.09 216.09 486.09 . 666.09 

306.09 126.09 576.09 36.09 
0« 3.7739E+010, 2.3121E*011.9718E-021.1192E-0l 
0. 4.3659E+011.705IE-015.3061E-010* 2.27I8E+01 
1.5941E-011.2052E-020. 4.7733E*012.6642E-016.7940E-03 
0. 2.3642E+016.7529E-025.3100E-010« 1.8197E*02 
2.7392E-015.2844E-010. 2.2390E«-012.6613E-017.4077E-03 
3.4275E-037.6036E+022.65838-014.7484E-023.5155E-035.6248E+02 
2.7202E-013.2952E-010. 2.4976E+012.6724E-011.2242E-02 
0. 1.0866E+022.7705E-015.2353E-010. 2.2549E+01 
3. 5353E-025. 2188E-010. U2034E + 022.6781E-011.1716E-02 
0. 2.2808E+012.3121E-019.0832E-030. 2.8946E+01 
1.2197E-015.3393E-01C. 2.3192E+014.9902E-023.7940E-02 
2.3586E+012.8509E+002.2723E-052.3739E+012.8660E+003.9813E-04 
2.1710E+011.5321E-015.1688E-011.7652E+019.0482E-024.5036E-01 
2.8193E+011.9057E-015.1092E-012.2661E+011.3140E-015.1631E-01 
3.3293E+011.8372E-015.0134E-011.5046E+011.2953E-014.6174E-01 

90 
90 

1 20 

TURBOCHARGER 

I A 1 2 
I A 3 4 
I L 1 1 
I X 1 1 
I Y 1 1 
P X 1 1 
P F 1 1 
P Y i 1 

.001 .643 
.65 .87 
1.0 
0. 

1319.47 



TABLE 12 (Cont.) 

PB 1 10 
P B II 20 
P B 21 30 
P B 31 40 
P B 41 48 
R 
Pm 5 - FUEL CONTROLLER 

IA 1 S .01 60. 
I A 6 6 -0.770 
I A 7 12 .671028 .454837 
I A 16 19 .0641 .8 
I A 17 17 1.2 
I A 20 22 807.U7 97.9718 
I A 23 25 2.614 7.5 
I L 1 2 12. 1* 
I X 1 1 0. 
I Y 1 6 0.0 0.0 
I Y 7 9 -*6.8843 -.904 
I Y 7 9 -6.92 -.889 
1 Y 7 7 -13.8486 
1 Y 11 11 6.85 
P X 1 1 
P B 1 7 
P Y 1 12 
P F 1 12 
Z 

1000. 12.6 «2 

3.41375 1006.72 20.9821 
.4 2960. 

11.4239 
-0.2 

0.0 0.0 0.0 
7.75 
7.62 

616.105 

0.0 

s: . 
F: 

I 
È 
îù- 
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The subsystem diagnostic printouts, as well as the MAIN 

printout, are controlled by the input data cards described 

earlier, both as to the order of the arrays printed, and the 
number of items within that array printed. With the exceptions 
of MAIN and SUB3, the print routines can print the variables: 

X, A(I), B(I), F(I), G(I), L(I), Y(I) 

The print routine for Subsystem 3 has the added capability for 

printing an array X(I) instead of a single value X, and for 
printing an array U(I,J). The major mode and sub-modes for each 

cylinder, M(I), Ml(I), M2(I), M3(I), and M4(I), as well as its 
crankshaft angle, X(I), are printed, with appropriate column 

headings, after the U array. The print routine for MAIN has 

only the capability to print: 

A(I), B(I) , G(I), L(I) 

The first items in the MAIN printout are the time (in seconds,* 

and the crankshaft angle (in degrees). These are clearly labeled 

as such. A key is attached for the interpretation of the diag¬ 

nostic printout. See Table 13 (page 73). 

8.3 FINAL OUTPUT 

After the initialization printout, the MAIN and five sub¬ 

system print routines are called at regular intervals controlled 

by L(5) in MAIN. At the completion of a run, certain variables 
are printed in column form at an interval (normally closer spaced) 

which can be different than that between the normal printouts. 

This interval is controlled by L(4) in MAIN. From left to right, 

the following variables from logical unit 8 are printed: 

î 
Ü 

Time, seconds 
Crankshaft angle, degrees 

Frequency error, percent 
Peak cylinder pressure, psia 

Peak cylinder temperature, °F 

Inlet manifold pressure, psia 

Exhaust manifold pressure, psia 

Exhaust temperature, °F 
Turbocharger shaft speed, rpm 

Compressor pressure ratio 
Compressor corrected mass flow, Ibm/sec 

Fuel rate, lbm/hr 
Turbine mass flow, Ibm/sec 

These various columns are labeled at the top with an abbreviated 

name and their units. After this so-called TAPE Bl PRINTOUT, 
which is performed by subroutine PRT8, the six basic PRINT routines 

(PRTM, PRT1, PRT2, PRT3, PRT4, PRT5) are called for a final time. 
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8.4 CLASSIFIED DATA HANDLING 

Previous use of Che computer program involved classified 

input data describing the ambient conditions during an over¬ 

pressure simulation. These data only appear in the positions 

A(38) to A(50) in the MAIN input stream for use in Subroutine 

AMB12, and only for alrshock simulation as flagged by L(7)-2. 

Subroutine INPM is programmed to omit printing any input values 
located in positions A(38) to A(50). Subroutine PRTM is pro¬ 

grammed to normalize the ambient pressure at inlet, G(10), and 

exhaust, G(ll), when simulating an overpressure condition as 

flagged by L(7)"2. The normalization is based on unity being 

an overpressure equal to the difference between the peak ambient 

overpressure and the initial ambient pressure. Therefore, a 

normalized value of zero is printed prior to the airshock, and 
a value of unity is printed at the time of peak overpressure 

regardless of its actual magnitude. 

9. OPERATOR INSTRUCTIONS 

The operator need only place the proper control cards with the 

source deck, set up the input data as outlined in paragraph 7, 

and execute. Any error messages that appear will be program 
generated and are described in Subsection 10. 

10. PROGRAM ERROR MESSAGES 

Table 14 (page 79) shows all messages coded in LSV-16. Other 

Information listed include the name of the subroutine that 

detected the diagnostic, the severity of the diagnostic, and an 

explanatory comment. Fatal errors terminate the program by 

calling EXIT. Informative messages are not necessarily errors, 
and execution is allowed to proceed. 

During real execution, many of the diagnostic messages Include 

values of variables relating to the problem. Table 14 Illustrates 

where these values would be printed by underscoring the FORTRAN 

FORMAT in which these values would be printed. 

11. VARIABLE DEFINITIONS 

EXPLANATION: The leftmost column heading is the variable name 

as coded in FORTRAN with the subscript positions 

tabulated below. The column "INTERNAL EQUIVALENT" contains 

variable names which take the same storage position in the 

computer memory. This column is blank when no internal equiva¬ 

lent is assigned. "LOCATION SET" tabulâtes the number of the 
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Subsystem where the variable is assigned a value either as input 

data or computed. "INPUT (SOURCE)" contains current input value 

and letter note for source (see key below). This column is blank 

for variables which are computed rather than input. The DESCRIP¬ 

TION" column briefly defines the variable and gives information 

helpful to the user. Corresponding "ALGEBRAIC SYMBOLS" and 
"UNITS" are presented for variables which have engineering appli¬ 

cation. 

If a variable is required as input, a value and/or source letter 

appears under the "INPUT (SOURCE)" column. If this coin» is 
blank, then the user does not input this variable. Additional 

footnotes are presented to clarify variables not input; however, 

this information is not necessary unless the user intends to 

alter the FORTRAN coding. 

INPUT (SOURCE) KEY for following table of variable definitions: 

(a) Arthur D. Little, Inc. (ADL) - by I. W. Dingwell (ADL) at 

Cooper-Bessemer on June 4, 1971. 

(b) Cooper-Bessemer (C-B) - drawing LSV-24-19, labeled as A2. 

12.6. 

(c) Value selected by user of computer program. 

(d) Initial conditions - computed using equations of motion, 
see section 9.B.2 in the Program Desdription of this manual. 

(e) Cooper-Bessemer Logsheet - tests on LSV-16, Model No. 8002, 

June 24, 1971. 

(f) Standard mathematical or engineering constant. 

(g) Cooper-Bessemer Test - corrected by B. M. Allen (ADL) for 

correct application in program. 

(h) Arthur D. Little, Inc. - computed from Cooper-Bessemer 

Engine Specifications. 

(i) Cooper-Bessemer - drawing labeled A2.12.2. 

(j) Arthur D. Little, Inc. - measured during tests on LSV-16, 

Model No. 8002, at Cooper-Bessemer, June 24, 1971. 

(k) Cooper-Bessemer - C-B specifications, verified by H. B. 

Zackrison of the Office of the Chief of Engineers (OCE), 

February 3, 1971. 

(l) Arthur D. Little, Inc. - for Dodecane, (Cj^g)- 

81 



(m) Arthur D. Little, Inc. - to match steady-state conditions. 

(n) Arthur D. Little, Inc. — estimated value. 

C°) Arthur D. Little, Inc. - from Heat Balance computed using 
C-B log sheets from tests of June 24, 1971. 

(p) Arthur D. Little Inc. - first run input value estimated 

program calculated refined value for later runs. 

(q) Arthur D. Little, Inc. - computed from C-B drawing LSV-24- 
19, labeled as A2.12.6. 

(r) Arthur D. Little, Inc. - computed by J. L. Coggins (ADL) on 
theoretical considerations. 

(s) Arthur D. Little, Inc. - computed from air flow measurements 
on C-B log sheet for LSV-16, Model No. 8002, May 29, 1971. 

(t) Cooper-Bessemer - heat balance from R. M. Grene (C-B) on 
September 7, 1968. 

(u) Arthur D. Little, Inc. - standard diesel cycle, refer to 
Table 19 in this manual. 

(v) Arthur D. Little, Inc. - figured from firing order, Refer¬ 

ence (i) above, and kinematics of crankshaft, C-B drawing 
and equations labeled G.C. #19. 

(w) Cooper-Bessemer - given to J. L. Coggins via telephone. 

(x) Arthur D. Little, Inc. - computed for analytical function 

June 24^19710ntr°l respon8es as measured at Cooper-Bessemer 

(y) Arthur D. Little, Inc. - values determined by extensive 

operation of program to control numerical instabilities. 

(z) *rthur D. Little, Inc. - values first computed by hand to 

satisfy initial condition that all time derivatives equal 
zero. Refined values obtained by operating program at 

steacy-state (constant load and environment), then using 
output values as input to later runs at the same load. 
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12. EXAMPLE CASE 

The following computer printout displays the results of a sample 

simulation of the Cooper-Bessemer LSV-16 Diesel Engine, run under 
steady-state conditions at 110% load. 
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13. JOB PROCESSING AND OUTPUT TIMES 

900 «eonnH¡Bef8eme^ L?V'16 comPuter Program requires approximately 
900 seconds of central processing time on the CDC 6400 for each 

fnXWr1 tlm? slmuiated- Input/Output time required is 
Ouïn ïlfflate^ eqUal t0 1/30 °f the central processing time used. 

oT?«l“Ä“S.t0 10,00° lineS °f Prl“lng ««end 
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SHORT TITLE 

LSV-16 

SOURCE PROGRAM LISTING AND SYMBOL TABLE 

The following MIN program and subroutines constitute a FORTRAN 

listing of the LSV-16 program. They are arranged alphabetically 

within each subsystem. 

MIN 

DIESEL 
AMB10 
AB Ml 2 

ENVIR 
INPM 

PLOT 

PRT8 

PRTM 
STORE 

STORI 

ZRDSL 

SUBSYSTEM 1 

INPl 

PRT1 

RNGl 

SUBI 

YPR1 

SUBSYSTEM 2 

INP2 

PRT2 
SUB 2 

SUBSYSTEM 3 

AEV 

AIV 

ANGLE 

CHANG 

DM 
DMFB 

EXMAN 

FI 

IMODE 

INP3 

page 

155 
157 

158 

159 

160 

162 

163 

164 

165 

166 

167 

168 

170 

171 
172 

173 

174 
176 

177 

178 

179 

180 

182 

185 

186 

187 

188 

189 

191 

PEAK 

PRT3 
PTDSL 

PUN3 
RACK 

RK3 

SUB 3 

TABLE 

YP3 

SUBSYSTEM 4 

CMAP 

DPIC 

INP4 

POLYE 

PRT4 
RNG4 

SUB4 

TIC 

TMAP 

YPR4 

SUBSYSTEM 5 

INP5 

PRT5 

RNG5 

SUB5 
XLIFT 

YPR5 

page 

193 
194 

196 

197 

198 

199 
200 
205 

206 

209 

214 

215 
217 

220 
221 
222 
223 

224 

225 

226 

228 

229 

230 

231 

232 
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SfiSPP 

(SHCCK TUBE SI*.), 
TEST DATA OFF TAPE 

PROGRAM DIESEL! INPUTtOUTPUTiPUNCH•TAPE5»INPUTtTAPE6*0UTPUT■TAPE2‘ 
1PUNCH« TAPEAtTAPEBI 

COMMON ICM(20),GC90I 
COMMON Al 100) «Bl60),TITLE 120),HEAD 120)«L130),MCR.MLP,L14,1 Al(3) , 

IIA2I 7),ICI 19I «ID(19), IEI19) 
COMMON DSUB1I 200),OSUB212C01,0SUB3116931,0SUB41200)«0SUB5 (200) 

C MAIN FOR COOPER-BESSEMER LSV-16 DIESEL 
C LU) =1 AFTER TEST DA IA READ INTO INAUX,=0 BEFORE 
C LI 2) IS NUMBER OF PRINTS PER PAGE 
C L14) IS THE PLUTTING FREQUENCY 
C LI 5) IS THE PRINTING FREQUENCY 
C L(6) .NE, 0 WILL CALL ALL THE PRINT ROUTINES 
C Cl 7 )=0 GIVES NEMA CONDITIONS. *1 CALLS APB10 
C “2 CALLS AMD 12 I STD. AIR SHOCK), *3 READS 
C UNIT 4 FROM INAUX. 
C LUO) IS A COUNTER OF NUMBER OF PRINTS PER PAGE 
C LI 14) *0 FOR NO PUNCHING, «1 FOR PUNCHING 
C LI 15)-0 BEFORE DATA READ INTO AMB12 
C 1-(16) GREATER THAN 2ERÜ WRITES G VECTOR FCR PLUTTING 
C L121 ) IS A COUNTER FOR THE NUMBER OF PRINTS PER PAGE 
C L122 ) IS THE COUNTER FOR PLOT 
C 1.(25) IS THE PRINT COUNT 
C L126 ) IS THE PLOT COUNT 
C A(2) IS THE FINAL ANGLE 
C A( 31 IS THE ANGLE INCREMENT 

1 REWIND 4 
rewind e 
MF 18*1 
CALL 2RDSL 
CALL INi’M 
CALL INP1 
CALL INP2 
CALL INP3 
CALL INP4 
CALL INP5 
LI 21 )« 1 
LI 25 ) * 1 
G(30)=A(3) 
CALL SUBI 
CALL Y PR 1 
CALL SUU1 
CALL ENVIR 
CALL SUU2 
CALL SU84 
CALL YPR4 
CALL SUH4 
CALL 
CALL 
CALL 
CALL 
CALL 
CALL 
CALL 

sues 
YPR5 
SUMS 
1M0DE 
SU 8 3 
YP3 
SUB3 

CALL PRIM 
CALL PRU 
CALL PRT2 
CALL PR T 3 
CALL PRT4 
CALL PRT5 

DSL 0001 
CSL 0002 
DSL 0003 
DSL 0004 
CSL 0005 
XSL 0006 
DSL 0007 
DSL 0000 
CSL 0009 
DSL 0010 
DSL 0011 
DSL 0012 
CSL 0013 
CSL Oo 14 
CSL 0015 
CSL 0016 
CSL 0017 
DSL OOlfc 
DSL 0019 
CSL 0020 
DSL 0021 
DSL 0022 
CSL 0023 
CSL 0024 
CSL 0025 
DSL 0020 
CSL 0027 
CSL 0223 
CSL 0029 
CSL 003. 
CSL 003Í 
CSL 0032 
CSL 0033 
DSL 0 034 
CSL 0035 
CSL 0036 
DSL 0037 
CSL 0033 
CSL 0039 
CSL 0040 
DSL 0041 
CSL 0042 
CSL 0)43 
CSL 0044 
CSL 0343 
CSL 0046 
CSL 0047 
CSL 0043 
CSL 01-49 
CSL Oi 50 
CSL 00 51 
CSL 0062 
c:.i. OC f>0 
CSL 0054 
CSL 0065 
CSL 0056 
CSL 0057 
est ocr-o 
CSL 0059 



CALL PLOT IMF I B I 
LI26I«! 
L(22)■1 

100 C(22) = G( 22MA1 3) 
CALL sum 
CALL ENVIR 
CALL SUß2 
CALL SUIÍ4 
CALL SUBS 
CALL SUll3 
IFIL(5)-U25)111,11,12 

11 Lt21)*LI2l)+i 
CALL PRTM 
L( 25 )•> 1 
IF < L(6 ) I 20.20,5 

5 CALL PRT1 
CALL PRT 2 
CALL PRT3 
CALL PKT4 
CALL PRT5 
GO TO 20 
L(25)*L(25 ) ♦1 
IFILI4)-L(26))21,21,22 
U22)»L(22IM 
CALL PLOT ( MU B ) 
L ( 2 6 ) * 1 
GC TO 30 
U26)-L( 26)«1 
I FT G( 22 I 40.01.AT 3 )-At 2U 1CC, 13,13 
CALL PiUBTMFIB) 
If ILT UlllCCO, 10C0, 1CC1 

1001 CALL PUT3 
1000 TFT ICMT 4) )1,1,909 
999 WRIltIMLP.lOlO) 

CALL EXT’ 
1010 FORMAT (1H1,10X, 10HEMD OF RUN) 

cnu 

12 
20 
21 

22 
30 
13 

CSL 0060 
CSL 0061 
OSL 0062 
CSL 0063 
OSL 0064 
CSL 0065 
CSL 0066 
OSL 0067 
CSL 0066 
CSL 0069 
CSL 0070 
OSL 0071 
CSL 0072 
CSL 0072 
OSL 0074 
OSL 0075 
CSL 0076 
CSL 0077 
CSL 0073 
CSL 0079 
CSL 0Oôu 
CSL OOBi 
OSL oom 
CSL OjB3 
CSL 0084 
CSL OOBi 
CSL OOòo 
CSL 0067 
CSL 0063 
OSL 0089 
CSL C 090 
CSL 0091 
CSL 0092 
CSL 0093 
CSL 0094 
CSL 0C95 
OSL 0096 
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10 
20 

30 

40 
50 

60 
70 

SUBROUTINE AMBIO 
COMMON ICM I 201,0(90) 
COMMON A(100),0(60),TITLE(20)tHEAD(20),L(30),MCR,MLP,L14,IAi(3) 
12(7),IC(19),10(19),IC( 19) 
COMMON DSUBK 200 1,0SU02(200),DSUB3(1693),DSUB4(200),DSUB5(200) 
DIESEL SHOCK TUBE SIMULATION 
00 10 I»51.100,4 
IF (A(1)-0(1)) 10,20,40 
CONTINUE 
00 30 J-l,3 
IPJ=I+J 
C ( J ) * A( IPJ ) 
GO TO 70 
IF ( 1-51) 50, 20, 50 
DO 60 J*l, 3 
IPJ-I+J 
IPJM4*I+J-4 
B(J) = (A(IPJ)-A(IPJM4))/(A(I)-A(1-4))•(0(l)-A ( I-4)) + A(IPJM4) 
G(10)=B(l) 
G(12)-U(2I 
G(11)=0(3) 
RETURN 
END 

AMI 
AMI 

•lAAMl 
AMI 
AMI 
AMI 
AMI 
AMI 
AMI 

10 
20 
30 
40 
50 
60 
70 
60 
90 

AMI 100 
AMI 110 
AMI 120 
AMI 130 
AMI 140 
AMI 150 
AMI 160 
AMI 170 
AMI 180 
AMI 190 
AMI 200 
AMI 210 
AMI 220 
AMI 230- 
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10 

20 

30 
40 

60 

70 

80 

90 

100 

110 

StlUKOUTINE AMB12 
COMMON ICM 20).0(901 
COMMON A( 100).8(60), TI ÎLE(20).HEAD(20).L(30).MCR.HIP,L14,I Al(3) 

12(7).ICI 19),10(19),IE(19) 
COMMON DSUBK 200), DSU»2(200),DSUD3(1693),D5084(200)»OSUB5(200) 
standard air shock for diesel engine 
DIMENSION P(2,2), N(2>, 0(2,4), 1(2,4) 
IF (L(15) ) 20,10,20 
T( 1,1 » = A( 39 ) 
T( 1,2 ) *A(40) 
T(l,3)*A(4l) 
T( 1,4 ) =A(42) 
P( 1,1 ) =A(43) 
P( 1,2) = A(44) 
T(2,1 ) =A(45) 
T(2,2) = A(46) 
T(2,3)=A(47) 
T ( 2, 4 I *A( 4fl I 
P(2,1)=A(49) 
P(2,2)=A(50) 
B(4)-AI3d ) 
1(15)=9999 
DO 40 1=1,2 
CO 30 J = 1,4 
N( I)=J 
IF ( T ( 1,J )-G(ll ) 30,40,40 
CONTINHE 
CCNTINUE 
DO 110 1=1,2 
K = N(I ) 
GO TO (60,70,80,90,60), K 
U( I,4)=P( 1,1) 
U( 1,3) = 11(4) 
GO TO 110 
B(5)=(P(I,2)-P(I,l))/(T(I,2)-T(I,1)) 
U( 1,4)=P( I, 1)+B(5)*(G(l)-T(I,l)) 
GO TO ICO 
U ( 1,4 ) =P( 1,2) 
GO TO 100 
U( 1,4 I = (P( 1,2 )-P(1,1))*(T(1,4)-0(1))*EXP((T(I,3)-0(1))/(T(I,4)- 

1,3)))/(Tl 1,4 )-T(1,3)) 
0(1,4)=0( 1,4 ) ♦?( I,1) 
8(6)=0( 1,4)/P( I, l) 
8(7)=1.«6.*8(6) 
0( I,3) = 6( 4)«b(6)*(6.+8(6)1/8(7) 
CUNTINUE 
Gl12)=0(1,3) 
0(10)=0(1,4) 
0(11)=0(2,4) 
RETURN 
END 

AM2 
AM2 

• IAAM2 
AM2 
AM2 
AM2 
AM2 
AM2 
AM2 

10 
20 
30 
40 
50 
60 
70 
80 
90 

AM2 100 
AM2 110 
AM2 120 
AM2 130 
AH2 140 
AH2 150 
AM2 160 
AM2 170 
AH2 160 
AM2 190 
AM2 200 
AH2 210 
AM2 220 
AM2 230 
AM2 240 
AM2 250 
AM2 260 
AM2 270 
AM2 280 
AM2 290 
AM2 300 
AM2 310 
AM2 320 
AM2 330 
AM2 340 
AM2 350 
AM2 360 
AM2 370 
AM2 380 
AM2 390 

T(IAM2 400 
AM2 410 
AM2 420 
AM2 430 
AM2 440 
AM2 450 
AM2 460 
AM2 470 
AM2 460 
AM2 490 
AM2 500 
AM2 510- 

158 



a 

c 
c 
c 
c 
c 
c 
c 
c 

10 

20 

c 
c 
30 

40 

SUBROUTINE ENVIR 
DIMENSION GG(4« 1464 I « IG(4) 
COMMON ICMI20).0(90) 
COMMON Al100),B( 60), TITLE (20),HEAD(20),1(30),MCR,MLP,L14,IA1(3) 

12(7),ICI 19),ID(19), IE(19) 

COMMON DSUttll290)• DSUU2(200),0SUB3(1693),0SUB4(200),DSUB5(200) 
DATA lG/9,11,12,13/ 

AMBIENT CONDITIONS FOR LSV-16 
WRITTEN BY BRUCE ALLEN 11/71 
REFERENCE BOOPER-BESSEMER LOG SHEET 

L(7)*0 SETS STEADY STATE CONDITIONS FOR ENVIRONMENT, 
L(7 ) * 1 CALLS AMU 10 (SHOCK TUBE SIMULATION), 
L(7)*2 CALLS AMB12 (STANDARD AIR SHOCK) 
L7*L(7 ) + 1 
GO TO ( 30, 10, 20,40), L7 
CALL AMB10 
GO TO 40 
CALL AMB12 
GO TO 40 
AMBIENT CONDITIONS FOR COOPER-BESSEMER LSV-16 DIESEL TESTS AT 
GROVE CITY,PA. ON JUNE 24,1971 
G(10)=14.10 
G( 11 ) = 13.90 
G(12)=541. 
RETURN 
END 

159 

ENV 
ENV 
ENV 

• IAENV 
ENV 
ENV 
ENV 
ENV 
ENV 
ENV 
ENV 
ENV 
ENV 
ENV 
ENV 
ENV 
ENV 
ENV 
ENV 
ENV 
ENV 
ENV 
ENV 
ENV 
ENV 
ENV 
ENV 
ENV 

10 
20 
30 
40 
50 
60 
70 
80 
90 

100 
110 
120 
130 
140 
150 
160 
170 
1B0 
190 
200 
210 
220 
230 
240 
250 
260 
270 
280- 
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c 
c 
c 
c 
c 

n 

2} 

4) 
53 
60 

70 
80 

90 

no 

m 

no 

no 

140 

no 

SUBROUTINE INPM 
DIMENSION 2(6) 
COMMON ICM(20 ),0(90) 

, l"Lrlr" ““ - ;s si sr;is 
MLP=6 
IAim = lHI 
I All2) = 1HP 
I All3I = 1HR 
IA2(1 ) = 1HA 
IA2(2)=1HB 
1A2(3)=1HF 
IA2(4)=1HL 
IA2(5)=1HX 
IA2(6 ) = 1HY 
IA2(7)=1HG 
CO 10 1=1,30 
L( 1)=0 
M = 0 
bead (MCR.iao) ririE 
WRITE (MLP,190) TITLE 
REAC (MCK,180) HEAD 
READ (NCR,200) 111,112,11,12,2 
IK I 12- I A¿ ( 1) )30,21,30 

21 m 1 1-38)30,31, 31 

31 KKYll,MLP,21°,ni,n2,I1,,2,Z 
CO 40 1=1,3 
IF ( IIl-IAKD) 40, 50,40 
CCNTINUE 
GO TO (60,130,140,160), I 
CO 70 1=1,7 
IF ( 112-IA2( I )) 70, 80,70 
CONT INUE 
CONT INUE 

CALL0STn«p1??!l?^,110,150,15C,120*16C»' 1 STORE ( II, I2,2,A, ICO.KKY) 
GO TO (20,160), KKY 
CALL STORE ( 11,I 2,Z,6,60,KKY ) 
GO TO (20,160), KKY 

rnLTnS^RI 1 'T* ,¿'z*l'33,KKY) GO TO (20,160), KKY 

CALL STORE ( 11, I 2,Z, G,90,KKY ) 
GO TO (20,160, KKY 
M=M ♦ 1 
! C( M ) = 112 
I C ( M ) = 11 
IE(M)= 12 
GO TO 23 
L 14 = M 
RETURN 
WRITE ( ML P,170) 

INM 
INM 
INM 

I A I NM 
INM 
INM 
INM 
INM 
INM 

10 
20 
30 
40 
53 
63 
70 
80 
90 

INM 100 
INM Ho 
INM 120 
INM 13C 
INM 143 
INM no 
INM 160 
INM 170 
INM 180 
INM loo 
INM 203 
INM 21c 
INM 220 
INM 230 
INM 243 
INM 250 
INM 265 
INM 275 
INM 285 
INM 293 
INM 303 
INM 305 
INM 310 
INM 315 
INM 320 
INM 333 
INM 343 
INM 350 
INM 363 
INM 370 
INM 36C 
INM 393 
INM 40,'. 
INM 410 
INM 420 
I N^ 4 30 
INP 440 
INM 450 
INM 463 
INM 470 
INM 4d5 
INM 493 
INM 500 
INM 510 
INM 520 
INM 535 
INM 543 
INM 555 
INM 560 
INM 570 



Ô 

160 

C 
170 
IHO 
no 
200 
210 
220 

WRITE (MLR. 220) 111, 1 12,1 1,1 2 
CALL EXI1 

FORMAT 
FORMAT 
FORMAT 
FORMAI 
FORMAT 
FORMAT 
ENO 

(//« 20Xt28HMAIN DOES NOT HAVE X, V OR F) 
I20A4» 
( IHi 20X, 22HINPUT DATA FOR MAIN - ,/t20X,20A4) 
( Al, IX• Alt 21 3, IX t 6F 10« 5) 
l/t IX,Al,1X,A1,213,IX,6E12.41 
(17F1ÜAO DATA - CARO ,A1,8H VECTOR ,A1,2I3) 

INM 660 
1NM 590 
INR 60C 
INM 610 
INM 620 
INM 630 
INM 640 
INM 650 
INM 660 
INM 670- 
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10 
20 

c 
30 

SUBROUTINE PLOT (IF3I 
COMMON ICM(20),0190) 
COMMON - ' 

WRITE (8) G ,,OSU02i2OO»'DSU03U693>,DSUB4(2OO), 
,c ' 10,10,20 IF (L( 16) ) 
RETURN 
MPU = 4 
WRITE 
WRITE 
WRITE 
WRITE 
WRITE 
RETURN 

sOSUBS(200) 

IMPU,TO) 
(MPU,30) 
IMPU,TO) 
(MPU,TO) 
(MPU,30) 

(Gl I )»1 = 1,10) 
(G( I ),1=11,20) 
(G(I ),1 = 21,30) 
*G( Ui 1=31,40) 
(G(I ),1=41,48) 

FORMAT 
END 

I10eil.4) 

PLO 
PLO 
PLO 
PLO 
PLO 
PLO 
PLO 
PLO 
PLO 
PLO 
PLO 
PLO 
PLO 
PLO 
PLO 

10 
20 
30 
40 
50 
60 
70 
eo 
90 

100 
110 
120 
130 
140 
150 
160 
170 
180- 
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c 
10 

c 
20 
30 
AO 

50 

SUBROUTINE PRTÛ (IF8) 
COMMON ICM(20),0(90) 

COMMON A( 100),6( 60), TITLE (20),MEAD (20) , U301 , MCR ,MLP, HA , I A113), IAPR8 
1Z(7),IC(19 ), JDI 19), IE(19) P„a 

COMMON DSUB 1( 200),DSUB2(200),0SUB3(1693).DSUBA(200),DSU85(200) PR8 
WRITE C ML P f ¿0 Î doo 
WRITE (MLP,30) HEAD 
WRITE (MLP,AO) 
WRITE (8) G HI 
N*L(22)+1 
REWIND 8 HI 
DO 10 J = 1,N p„° 
READ (8) G 

i?^G( 17 Í^G^i r? VfiQi'ri •** ,l6) ,6(61) ,G (67 ) ,G (23 ) ,G (20PR8 11, b(17 I,G(18),G(19),G( 55) pRa 

CONTINUE 
RETURN HI 

FORMAT (18H1 TAPE 8 PRINTOUT) non 
FORMAT (1H0,^0(2X,AA)) pR® 

lMU/7AL!,FM,A!ílTíuTr»7í,^GI;r,3X,4HFREQ,9X,4HPCVL,5X'4HTCVL'4x'3HP>PR8 
3hPEM’ 6<*^HTEXH* 5)<, 3HTCS,AX,4HRCOM,5X,AHMASS,5X,AHFUEL,5X,AHMPR8 

!4f •^'íix'3HSEC*qx* 3HDEG,5X,2HPC,10X,AHPSIA,AX,5HDEG F ,AX,AHPSIA,5XPR8 
3, AHPSI A,5X,5HDEG F, AX,3HRPM,12X,6H CFM •AX«SHLB/HR,3X,6HLB/SEC•//PR8 

p no 

FORMAT ( 2X, F9.A.F10. 1, F9. A,F10. 2,F9.1,2F9. 3 ,F8.1 ,F9.0 ,F8.3 ,F10.3, FPR8 
19•1,F9•3) 

END hKU 
PR8 

10 
20 
30 
AO 
50 
60 
70 
80 
90 

100 
110 
120 
130 
1A0 
150 
160 
170 
180 
190 
200 
210 
220 
230 
2A0 
250 
260 
270 
2B0 
290- 
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13 
23 

30 

C 
c 
c 

43 
50 

63 

70 

dO 

90 

130 

110 

120 

c 
130 
140 
150 
100 
170 
1«0 

SUBROUTINE PRTM 
COMMUN ICM(201,Cl 90) 

i;L,r2o,,"E''“,'o''u3o,i'c"'"i,,’u4'i,i'î' 
COMMON DS UB1I200 ), D SUB 2( 2CC),0SUB3(1693) ,DSUB4(200) ,DSUB5 (200) 
Ir I L I 10) I 10« 2C » 10 
IF (LI 10)-1. ( 2) ) 30,2C,2C 
U)0)=0 
WRIT E (MLP, 130) TITLE 
L(10)=L(10)«1 
WRITE (MLP,170) G( 1) 
WRITE (MLP,180) G(22) 

NORMALIZE AMBIENT PRESSURES FOR STANDARD AIR SHOCK 

IF( L ( 7 )-2 ) 32, 31,32 
31 G(10I=(G(10)-A(43I)/(A(44-A«43)) 

G( 11 )*( G( 11 )-A(49| )/(A| 50-A (49) ) 
32 CO 120 1 = 1,L14 

11= I D( I ) 
12*IE( I ) 
CC 40 0=1,7 
IF ( IC( I )-IA2( J ) ) 40, 70,40 
CONTINUE 
WRITE (MLP,140) ICI I ) 
CALL EXIT 
11=14+1 
IF ( 11-12) 70, 70, 120 
I4*MIN0(Il+S,(2) 

GO TO (80,90,50,100,50,50,110), J 

GO^O * IC( I)« 11,14, (A(K),K = I1,I4) 

Go'lO 015C ) IC( I ), II, 14, (P (K) ,K = U , 14) 

GO^O JlJLP,l60, -C,I,,,1.,4.,L,K,.K = ,1.14, 

WRITE (MLP, 150) ICI I I,11,14,(G(K),K = I1,14) 
GO TO 60 
CONTINUE 
RETURN 

FORMAT (1H1,25X,20A4) 

FORMAT (34H1BAD PRINT INSTRUCTION - VARIABLE ,A1 ) 
cnnilÂÏ |(',,lX*A1* lH(* I2»lH-*I2.1H»,lCEli.3) 
fnowíí *1'1H( ,12,1H-<12,1H),lx,9(I5.6X,,15» 
FORMAT (///,5X,6HTIME =,F15,fc) 
FORMAT (5X,7HANGL E =,815.6,/) 
END 

PRM 
PRM 

,IAPRM 
PRM 
PRM 
PRM 
PRM 
PRM 
PRM 

10 
20 
30 
40 
50 
60 
70 
BO 
90 

PRM 100 
PRM 110 
PRM. 120 
PRM 121 
PRM 122 
PRM 123 
PRM 124 
PRM 125 
PRM 130 
PRM 135 
PRM 140 
PRM 150 
PRM 160 
PRM 170 
PRM 180 
PRM 190 
PRM 200 
PRM 210 
PRM 220 
PRM 230 
PRM 24.1 
PRM 253 
PRM 260 
PRM 270 
PRM 260 
PRM 290 
PRM 300 
PRM 310 
PRM 320 
PRM 330 
PRM 340 
PRM 350 
PRM 360 
PRM 370 
PRM 380 
PRM 390 
PRM 400 
PRM 410 
PRM 420- 
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• ** 

10 

20 

SUBROUTINE STORE (11,12,Z,A,NDA,KKY) 
DIMENSION 2(6), All) 
NO COMMON 
14*12-11+1 
DO 10 1*1, 14 
13*1-1+11 
IF (I3-NDA) 10,10,20 
A( 13)=2( I ) 
RETURN 
KKY = 2 
RETURN 
END 
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10 

20 

ffiN0smïE2u?:,Nü!,I2’z*N’N0^KKYI 
14=12-11+1 
DO 10 1 = 1, 14 
13=1-1+11 
IF (I3-NDN) 10,10,. 

STI 
STI 

10 
20 

STI 30 
STI 40 

NI 13) = 2(1 ) 
RETURN 
KKY = 2 
RETURN 
END 

STI 50 
STI 60 
STI 70 
STI 80 
STI 90 
STI 100 
STI 110- 
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SUBROUTINE ZROSL 
COMMUN uno» 
COMMON 1(27931 
CO 10 J=l'110 
L(J)=0 
DO 20 J = 1 » 2 793 
K J)=0 
RETURN 
END 

ZRO 10 
ZRD 20 
ZRD 30 
ZRO 40 
ZRO 50 
ZRD 60 
ZRO 70 
ZRO 80 
ZRO 90- 
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c 
c 
c 
c 
c 

10 

20 

«0 
50 
60 

‘0 
60 
96 

100 

110 

120 

130 

140 

150 

160 

SUBROUTINE INP1 
DIMENSION ¿(6) 
COMMON I CM(20),0(90) 
COMMON CMAINOOO) |!J} 

i Hi 
¡5 -“i™0,'DM5'200' 

nrfïlirL'-ï;,;-» J Ï«!“«5 !°o si IS!;;is 
HE2 WHL UE PRINTED AT TH^TOP^rTHÊ^n PrGE °F 0UTPUT 
HCJ^ T0P 0F THE II COLUMNS OF THE TAPE PRINT 

IA1(1)*1HI 
IA1 ( 2)*1HP 
IA1( 3)s1 HR 
IA2( 1) = 1HA 
1A2(2) = 1hí5 
IA2(3)~1HF 
IA2( 4)■1HL 
IA2(5) = 1HX 
IA2(6)=lHY 
DO 10 1=1,20 
L ( I )=0 
M=0 
READ (MCR,160 ) TITLE 
WRIU (MLP, 1 VO) I ITLE 
READ (MCK.IUO) HEAD 
READ (MCR,200) 111,(12.11 is » 
WRITE (MLP, 210, ,!i!!V¡¡!f& 

00 40 1=1,3 

SI IS ¡“;¿50.1<.0.170|, I 

IU ( 20, 170), KKY 

c“v?ï:e, 

INI 
INI 
INI 
INI 

10 
20 
30 
40 
50 
60 
70 
BO 
90 

GO TU (20,170), K<Y 

SlVîlSf,;!!; ■».«»' 
M = M + 1 
IC(M)=l(2 
I D( M ) = 11 
II ( M ) * 12 
GO TU 20 
L 14 =M 
RETURN 

INI 100 
INI 110 
INI 120 
INI 130 
INI 140 
INI 150 
INI 160 
INI 170 
INI 180 
INI 190 
INI 200 
INI 210 
INI 220 
INI 230 
INI 240 
INI 250 
INI 260 
INI 270 
INI 280 
INI 290 
INI 300 
INI 310 
INI 320 
INI 330 
INI 340 
INI 350 
INI 360 
INI 370 
INI 380 
INI 390 
INI 400 
INI 410 
INI 420 
INI 430 
INI 440 
INI 450 
INI 460 
INI 470 
INI 480 
INI 490 
INI 500 
INI 510 
INI 520 
INI 530 
INI 540 
INI 550 
INI 560 
INI 570 
INI 560 
INI 590 

’I 
1 
I 
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ppwppi wmmvMwu+wr* "" """p1 IPilliPiP! 

MMM 

170 WRITE (MLP,220) 111,112,11,12 
CALL EXIT 

C 
180 
190 
200 
210 
220 

FORMAT (20A4I , 
FORMAT ( lui, 20X, 22HINPUT DATA FDR SUBI - ,/,20X,20A4) 
FORMAT (Al,1X,A1,2I3,1X,6F10.5) 
FORMAT (/,IX,Al,IX,Al,213,IX,6E12,4) 
FORMAT (17H1BAD DATA - CARD ,A1,8H VECTOR ,A1,2I3) 
END 

INI 600 
INI 610 
INI 620 
INI 630 
INI 640 
INI 650 
INI 660 
INI 670 
INI 680- 
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li».. 

10 
20 

30 

40 

50 

60 

70 

80 

90 

100 

110 

120 

130 

140 

C 
150 
160 
170 
180 
190 

SU8ROUTI.NL- PR 11 
COMMON ICM 120 ),0(901 
COMMON DM A 1.9( 300) 

lÄ^ML P^V 14VÍa?iÍ^ iaÍitÍ ’Bll?) , TI TLE (20) ,HE AO (20 ) IK* ML P|L14f IAi(3Ï,IA2(7), IC(19)fID(19)fI£(19) 

COMMON 051)82(200),05083(^93),05089(200),05^5(200) Ir (L(10)) 10,20,10 
IF (L(101-L(2)) 30,20,20 
1.(10) = 0 
WRITE (MLP,150) TITLE 
K 10)»L( ICMl 
DO 140 I = l,L14 
11=IC( I I 
12=(El I I 
00 40 J=l,6 
IF ( IC( I)-IA2(J) ) 40,60,40 
CONI 1'IUE 
WRITE (MLP,160) IC(I) 
CALL EXIT 
11= 14+1 
IF ( 11-12) 60,60,140 
!4 = M1M0(11+9,(2) 
GO TO (70,90,90,100,110,120,130), J 

rn’in £lP'170) “«n.ll.K.IAtKl.K-U.m bu I U 

Go'tu i,5lP,170) IC(I),I1,I4,(U(K),K = I1,I4) 

ICI I )• ll,I4,(E(K),K = ]l,I4) 

1C(I),U,14,(L(K),K = I 1,141 

WRITE (MLP, 170) 
GO TO 50 
WRITE (MLP,130) 
GO (0 50 
WRITE (MLP,190) X 
GO TO 140 

Gü'tü 5o*"**' 1 ^ * !C( I ), I 1, 14, (T(K),K«11,|4) 

GO^O S)^Lt>,170) ICI * >» I 1'14, (GUI ,K*| 1 ,1 4) 

COM INUC 
KCTUliM 

FORMAT (ll.l, 25X, 20A4) 

END 

PR1 
PR1 
PR1 

•L(20),MCPR1 
PR1 
PR1 
PR1 
PR1 

10 
20 
30 
40 
50 
60 
70 
eo 

PRl 90 
PRl 100 
PRl 110 
PRl 120 
PRl 130 
PRl 140 
PRl 150 
PRl 160 
PRl 170 
PRl 180 
PRl 190 
PRl 200 
PRl 210 
PRl 220 
PRl 230 
PRl 240 
PRl 250 
PRl 260 
PRl 270 
PRl 280 
PRl 290 
PRl 30C 
PRl 3’0 
PRl 320 
PRl 330 
PRl 340 
PRl 350 
PRl 360 
PRl 370 
PRl 380 
PRl 390 
PRl 400 
PRl 410 
PRl 420 
PRl 430 
PRl 440 
PRl 450 
PRl 460- 
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SUBROUTINE RNGl (Hi,Nil RN1 10 
COMMON 1CM(20),0(90) RN1 20 
COMMON CMA INI 300) RNl 30 
COMMON X,mo),F( 10),3( 10),A(20),B(19) ,T! TLE(20) .HEAD (20) ,L(20),MCRNl 40 

1K,MLP,L14,IAK3), IA2(7),IC(19), 10(19),IE(19) RNl SO 
COMMON 0SUB2(200),DSUB3(1693),DSUB4(200),DSUBS(200) RNl 60 

10 H=H1 RNl 70 
HH=.5»H RNl 80 
N=N1 RNl 90 
DO 20 1=1,N RNl 100 

20 3(1)=0.0 RNl 110 
CALL YPR1 RNl 120 
DO 30 1=1,N RNl 130 
S = F( I )•H RNl 140 
T = .5*(S-2.»3( 1)) RNl 150 
YI I )=Y( ! nr RNl 160 

30 0( I ) = 3(1)+3.*T-.5»S RNl 170 
X = X +HH RM 180 
CALL YPR1 RNl 190 
DU 40 1=1,N RNl 200 
S = H I )*H RNl 210 
7 = .29269322 + (S-0(I I ) RNl 220 
Y ( I )=Y( 1 ) +T RNl 230 

40 0( I ) = 3(1) + 3.+ T-.29289322+S RNl 240 
CALL YPR1 RNl 250 
DO 60 1=1,N RNl 260 
S=F(I>*H RNl 270 
7=1.7071067+(5-3(1)) RNl 280 
Y( I ) = Y( I )+7 RNl 290 

50 0(1)=3(1)+3.+7-1.707106+5 RNl 300 
X = X+HH • RM 310 
CALL YPR1 RNl 320 
DO 60 1=1,N RNl 330 
S=F(I)+H RNl 340 
7=(5-2.+0(1))/6. RNl 350 
Y( I ) =Y( I ) + 7 RNl 360 

60 0(1)=0(1)+3.+7-.5+5 RNl 370 
KETUKN RNl 380 
END RNl 390- 
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SUBROUTINE SUBI 
REAL ihp, imep,JO.KO SU1 
COMMON ICM(20),G(90) SU1 
COMMON UMA IN(300) SU1 

n. I KO, A| 7 ) ) i (BHP J(¿¿) N UHP ¿í-vin^ÍRii; ,CID'A‘5)), (PI f A (6 ) lui 
2, (PR,0(50)(, ( BSFC, G( 51 ) ) ^HP•G(47,,• «BMEP.G (48) ) , ( I PEP.G (49 ) ISUI 

10 
20 

30 

40 

50 
60 

2t ( FR,G(50 ) ), ( BSFC,G(51 ) ) 
EQUATION of motion 
G( 13) = A (2)*G(22) 

Ga¡=y(12)~tX'A,l,#n*5n 20'60-60 
G(2)«vm 
G(3) = F( l)*Y(l) 
(-(9)=1(9) + 1 
IOX=IFIX(G(30)) 
ir9«U9,-NSc.l80„DX, 50, 30,30 

B(3)=Y(5) 
B(15)=Y(10) 
DO 40 J = 3,9 
B(J-2 ) =Y(J ) 
B(J + 5)=Y(J )*I00.0/H(3) 
Y(J )=0.0 
Y(1U)-0.0 
G( 38) = h(3 ) 
G( 39) = H(9 ) 
G(40) = 8(11 ) 
G ( 41 ) = B ( 12 ) 
G(42)=U(13) 
G(43)=B(14) 
G( 44 )«li( 3 ) 

BHP=B(6)»YI1)*JO/(PI»kO«NSC) 
IHP= ( B( 2 ) ♦()( 6) )«Y( 1 )»jo/(P l*K0«N5r I 
BMEP=tt( 6 ) *J 0/c ID C 

IMFP=(ö(2)+H(6))«J0/CID 
FR=B(3).Y(l).j0.3600./(PI.NSC.E'-) BSFC = FR/hHP Cw i 
RETURN 
CALL RNG1 (4(1),1(1)) 
GO 10 1C 
END 

SU1 210 
SU1 220 
SU1 230 
SU1 240 
SU1 250 
SU1 260 
SU1 270 
SUl 260 
SU1 290 
SUl 300 
SUl 310 
SUl 320 
SUl 330 
SUl 340 
SUl 350 
SUl 360 
SUl 370 
SUl 360 
SUl 390 
SUl 400 
SUl 410 
SUl 420 
SUl 430 
SUl 440 
SUl 450 
SUl 460- 
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SUBROUTINE YPR1 
COMMON ICM(20),01901 
COMMON DMA INI 303 I 
COMMON X,YI 10), F(10),0110),A 120),8 119).TITLE(20),HEAO(20),L(20) 

IR.MLP.LIA, IAK 3),1 A2( 7), IC (19).10 (19),1 E (19) 
COMMON 0SUt)2( 200 ), DSUB3( 16931 ,0SUB4( 200) ,OSUH5(200) 
F(1)=(0(24)-0(25)*Y(1)-G(26)*Y(1)«Y(1)-G(7)-G(53))/(0(27)«YID) 

FI2)=1.0/Y(1) 

YP1 
YPl 
VPi 

,MCYP1 
YPl 
YPl 
YPl 

F(3) = 0(31)/Y( 1 ) 
F(4)=0(32)/Y(1 ) 
F ( 5 ) =0( 33 )/Y ( 1) 
F(6 ) = 0(34)/Y(1) 
F(7»*G(35)/Y(1) 
F(d)=G(36)/Y(1) 
F(9)=0(37)/Y(1) 
FI 101 = 0(52)/Y(1) 
RETURN 
END 

YPl 
YPl 

10 
20 
30 
40 
50 
60 
70 
60 
90 

YPl 100 
YPl 110 
YPl 120 
YPl 130 
YPl 140 
YPl 150 
YPl 160 
YPl 170 
YPl 180- 
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C 
c 
c 
c 

10 

20 

40 
50 
60 

70 
80 
90 
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SUBROUT INE !NP2 
01MENSION Z«fa) 
COMMON ICM( 20),0(90) 
COMMON CMA IN( 300),DSUB1(200) 
COMMON X,Y( 10),FI 10),0( 10),A(20),B(19),TITLE(20) ,HEAD(20),L(20I, 

1R,MLP,L14, IA1(3),IA2(7),1C(19),10(19),IE(19) 
COMi',UN 0SU[i3( 1693),OSUB4(200) ,DSUB5(200) 

IC CONTAINS VARIABLE NAMES TO BE PRINTED 
ID CONTAINS LOWER INDEX OF VARIABLE TO BE PRINTED 
IE CONTAINS UPPER INDEX OF VARIABLE TO BE PRINTED 
TITT WILL BE PRINTED AT THE TOP OF EACH PAGE OF OUTPUT 
HED WILL BE PRINTED AT THE TOP OF THE 11 COLUMNS OF THE TAPE PRINT 

MCR = 5 
MLP=6 
IA1(1)*1HI 
IA1I2IMHP 
I A113 ) = IHR 
IA2(1)=1HA 
IA2I2)=1HB 
1A2(3)=1HF 
IA2(4)=1HL 
IA21 5) = 1HX 
IA21 6) = )HY 
DO 10 1=1,20 
L(I )=0 
M=0 
READ (MCR,180 ) TITLE 
WRITE (MLP,1901 TITLE 
READ (NCR.lfO) HEAD 
READ (MCR,?C j I 111,112,11,12,2 
WRITE (MLP.210) 111,112,11,12,2 
KKY = 1 
CO 4Û 1=1,3 
IF I I 11-IA11 I )) 40, 50,40 
CONTINUE 
GO TO (60,150,160,170), I 
DU 70 1=1,6 
IF ( I I 2-1A2( I )) 70, 80, 70 
CONTINUE 
GO 10 (93,)0Ci, 110, 120,130,140,170), 
CALL STORE ( I 1, I¿ , 2, A,20,KKY ) 
GO TO I2C,170), KKY 
CALL STORE ( 11, I 2,2,B,19,KKY ) 
GC TO (20,170), KKY 
CALL STORE ( 11, I 2,2, F,10,KKY ) 
GO TO ( 23, 170 ), K<Y 
CAl L STOR I ( II,12,2,L,20,KKY) 
GO TO (20,17G), KKY 
CALL STURE ( 11, 12,2,X,1,KKY ) 
GO TO ( 20, 170 ), KKY 
CALL STURe 111,12,2,Y,10,KKY) 
GO TO 120,170), KKY 
M = M *1 
ICIM )= 112 
IDIM ) = 11 
I EI M ) = 12 

RETURN 

I 

IN2 
IN2 
IN2 
IN2 

MCIN2 
IN2 
IN2 
IN2 
IN2 
IN2 103 
IN2 110 
IN2 123 
IN2 133 
IN2 140 
IN2 150 
IN2 160 
IN2 170 
1N2 180 
IN2 193 
IN2 200 
IN2 213 
IN2 220 
1N2 233 
IN2 240 
IN2 250 
IN2 260 
IN2 270 
IN2 200 
IN2 293 
IN2 300 
IN2 310 
IN2 320 
IN2 330 
IN2 340 
IN2 350 
IN2 360 
IN2 370 
IN2 380 
IN2 390 
1N2 400 
IN2 410 
IN2 420 
IN2 433 
IN2 440 
IN2 450 
IN2 460 
IN2 470 
IN2 483 
IN2 490 
IN2 500 
IN2 510 
IN2 520 
IN2 533 
IN2 540 
IN2 550 
IN2 560 
IN2 570 
IN2 580 
IN2 593 
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>■' ", 'PU* 

170 

C 
180 
190 
200 
210 
220 

WRITE (MLP» 2201 1 11,1 12.11.12 
CALL EXIT 

FORMAT I 20AA) 
FORMAT 1 1H1, 20X, 22HIMPUT RATA FOR SUB2 - ,/,20X,20A4) 
FORMAT 1AI,IX,Al,213,IX,6F10.5) 
FORMAT (/,IX,Al,IX,Al,213,IX, 6E12.Al 
FORMAT 117H1BAD DATA - CARD ,A1,8H VECTOR ,Al ,213) 
END 

IN2 600 
IN2 610 
1N2 620 
IN2 630 
IN2 640 
IN2 650 
IN2 660 
IN2 670 
IN2 680- 
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180 
190 

SUBROUTINE PRT2 
COMMON ICMI 201,0(90) 
COMMON DMAIN(300),DSUB1(200) 

COMMON X,Y(10),F(10),0(10),A(20),6(191, TlTLE(20) 
1R,MLP,L14,IAl(3),lA2(7),IC(19),ID(19),IEClg) 

COMMON 050()3( 1693 ), 05084( 200 ) ,D SUB5 (200) 
IF (1(10)) 10,20,10 
IF (L(10)-1(2)) 30,20,20 
LI 10) = 0 
WRIT E (MLR,150) T I TLE 
L(10)=L(10)+1 
00 140 1=1,114 
11-10( I ) 
12=IE( I ) 
00 40 J = 1,6 
IF I ICI I )- IA2(J) ) 40,60,40 
CONTI NOE 
WRITE (MLR, 160) IC( I ) 
CALL EXIT 
11=14+1 
IF ( 11-12 I 60,60, 140 
I4=M |N0( I 1 + 9, 12) 

GO 10 (70,80,90,100,110,120,130), J 
WHITE (MLR, 170) IC( I ) , 11, 14,( A ( K I ,K = I1,14) 
GO TO 50 

rn'In ,MLP'170> ICI I ),I1,I4,(B(K),K=I1,I4) 
GU in 50 

WHIlt (MLR,170) IC((),11,14,(F(K),K=I1,14) 
GU TO 5 j 

rn'lo IC(H,Il,I4,(L(K),K = li,|4) GO TO 50 
WRITE (MLR, 190) X 
GO TO 140 

rn'In ICI I )«il,14,(Y(K),K = 11,14) 
Gu IQ 50 

WRITE (MLR,170) IC( I ), 11,14,( G (K),K = 11,14) 
GO TO 53 
CONTINUE 
RETURN 

FORMAT (1H1,25X,20A4) 
FORMAI (34H1BA0 PHUT INSTRUCTION - VARIABLE ,A1) 

InT.Vr i7’iX-Al*lH(,I2.lH-,I2.lH),10Eli;3) 

END 

PR2 
PR2 
PR2 

• HEAD 1201,L(20),MCPR2 
PR2 
PR2 
PR2 
PR2 
PR2 

10 
20 
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70 
80 
90 

PR2 100 
PR2 110 
PR2 120 
PR2 130 
PR2 140 
PR2 150 
PR2 160 
PR2 170 
PR2 180 
PR2 190 
PR2 200 
PR2 210 
PR2 220 
PR2 230 
PR2 240 
PR2 250 
PR2 260 
PR2 270 
PR2 260 
PR2 290 
PR2 300 
PR2 310 
PR2 320 
PR2 330 
PR2 340 
PR2 350 
PR2 360 
PR2 370 
PR2 380 
PR2 390 
PR2 400 
PR2 410 
PR2 420 
PR2 430 
PR2 440 
PR2 450 
PR2 460- 
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SUUROUTIME SU82 
COMMON !CM(20),0(90) 
COMMON OM A IN( 300 ), OSUfil ( 200 ) 
COMMON X,V( 10 ),F( 10 ),(1( 10) ,A (20) ,8(19) .TITLE (20) .HEAD (20) 
IR.MLP.LIA,1AK 3),(A2(71, ICI 19),10(19),IE(19) 
COMMON DSU,13( 1693), DSU34(200),DSUD5(200) 
DUMMY AHEKNATDI 
U1)=0 SETS TORQUE SUB2,INSTEAD OE IN ENV)R 
IF (G(1)-(X+A(1)»0.5)) 10,20,20 
IF (G(l) ) 70, 20, 70 
IF (L( 1 ) ) 60,30,60 
IF (G(1 )-A< 4) ) 40, 50, 50 
G(7)*A(3I»A(5)/G(2) 
G(8)=A(7)*A(b) 
GO TO 60 
G(7)=A(3)*A(6)/G(2) 
G(8)*A(7)«A(9) 
G(4)=A(2)*G(2) 
X=X*A(1 ) 
RETURN 
END 

SU2 
SU2 
SU2 

,1(20),MCSU2 
SU2 
SU2 
SU2 
SU2 
SU2 

10 
20 
30 
40 
50 
60 
70 
80 
90 

SU2 100 
SU2 110 
SU2 120 
SU2 130 
SU2 140 
SU2 150 
SU2 160 
SU2 170 
SU2 180 
SU2 190 
SU2 200 
SU2 210- 
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c 
c 
c 
c 
c 
c 

10 
20 
30 
C 
40 
50 
60 
70 
80 
90 
109 
110 
120 
130 

140 

150 

160 

170 

180 

190 

200 
210 

220 

230 

240 

250 
260 
270 

function aev (theta,coefj 

EXHAUST VALVING FOR LSV-16 
WRITTEN bY ÜRUCE ALLEN 11/71 
REFERENCE COOPER-BESSEMER GRAPHS 

EXHAUST VALVE AREA FOR LSV-16 
X=THET A 
•F (X-35.) 10,240,30 
IF (X-13.1 210,220,20 
IF ÍX-25. I 220,220, 230 
IF (X-475.) 240,240,40 

TEST IF BEFORE DhELL 
IF IX-575.) 50,250,110 
IF (X-485. I 130, 130, 60 
IF (X-495.) 140,140,70 
IF (X-535.1 150,150,80 
IF (X-S55.1 160,160,90 
IF IX-565. ) 170, 170, 100 
IF (X-575.) 180,250,110 
IF (X-655.) 250,250,120 
IF IX-665.) 190,190,200 

V = .00986»(X-475. ) 
GO TO 260 
X =X-360. 

G03T02260<,iJ+X#,~,53065826+X**22521731E~2' 
X =X-360, 

GO1TO*260,7 <X*( ^295212 7E + 1*X* <. 13494418E-1+X* (-,233.r>0869E-4n I 
X=X-360. 

gÕ~TO926OÍ379+X*1'15401395E + 1 + X,("*36511332E-2»» 
X=X-720, 

GO~îo" 25q3<,7+X**~*^8^77^®E*1 + x* *“»3G397647E-2)J 

Y = 13.0887 + ,01015»(X-565.) 
GO TO 260 

7=13.1902-,01014»(X-655.1 
GO TO 260 
X=X-720• 

lÏ3877E-5!x2.1(-!U;JJÎ72£.83;î*,);35793348E-2***‘»l6580119E-44X.( 
GO TO 260 '"'ll 

G02T0 l26073*X*,~*U5CC99G + X*’225249976-2’ 
Y=.0986-.00966»(X-25.1 
GO TO 260 
AFV=0. 
GO TO 270 
7=13.1902 
AEV=Y*CUEF 
return 
END 

AEV 
AEV 
AEV 
AEV 
AEV 
AEV 
AEV 
AEV 
AEV 

10 
20 
30 
40 
50 
60 
70 
80 
90 

AEV 100 
AEV 110 
AEV 120 
AEV 130 
AEV 140 
AEV 150 
AEV 160 
AEV 170 
AEV 180 
AEV 190 
AEV 200 
AEV 210 
AEV 220 
AEV 230 
AEV 240 
AEV 250 
AEV 260 
AEV 270 
AEV 280 
AEV 290 
AEV 300 
AEV 310 
AEV 320 
AEV 333 
AEV 340 
AEV 350 
AEV 360 
AEV 370 
AEV 380 
AEV 390 
AEV 400 
AEV 410 
AEV 420 

164AEV 430 
AEV 440 
AEV 450 
AEV 460 
AEV 470 
AEV 480 
AEV 490 
AEV 500 
AEV 510 
AEV 520 
AEV 530 
AEV 540 
AEV 550- 
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c 
c 
c 
c 
c 
c 
c 
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110 

120 

130 

140 

150 
160 
C 
170 

180 
190 

FUNCTION AIV (THETA,COFF) 

INLET VAL V INC LSV-16 
WRITTEN BV BRUCE ALLEN 11/71 
REFERENCE COUPER-BESSEMER GRAPHS 

INLET VALVE AREA FOR LSV-16 
X=THET A 
IF IX-200.) 20,170,10 
IF IX-640. ) 170, 170, 70 
IF (X-64. ) 100,ICO,30 
IF (X-92. I 110,110,40 
IF (X-140. ) 120, 120,50 
IF (X-176. ) 130, 130,60 
IF IX-188. ) 140, 140,150 

LEAST SQUARES CURVE FUS AND LINEAR INTERPOLATION 
X = THET A-720. 
IF (THETA-656.) 80,80,90 
Y=2.6130778+X»(.65789682E-1+X».41407765E-3I 
60 TO 160 

AIV 
AIV 
AIV 
AIV 
AIV 
AIV 
AIV 
AIV 
AIV 

10 
20 
30 
40 
50 
60 
70 
80 
90 

AIV 100 
AIV 110 
AIV 120 
AIV 130 
AIV 140 
AIV 150 
AIV 160 
AIV 170 
AIV 180 
AIV 190 
AIV 200 

148363E-7I » I I 
GO TO 180 

AIV 210 
T:!,?Î3^<,7*X#,*16043559tx*,*8B374677E-3+x*«-*76256847E-5*X.(-.635AIV 220 

AIV 230 
AIV 240 

Y = 5.8017106+X»(.l611841 + X*l.88399514E-03+X»(-.43754881E-04+X•.2877AIV 250 

l33lE':08'/! 1 AIV 260 
GO TO 180 270 

Y=il8.82831+X*(-.393869û8E+l+X*(.77776331E-01+X*(-.66515297E-3*X*.2AIV 260 
11059899E-05 ) ) ) 41v 290 
GO TO 130 AIV 300 
Y = 73.76257 7+X«(-.2119C414F. ♦14X»(.2472500 9E-0l*X*(-, 73792507E-4 + X* (AIV 310 
l-.4471540B£-6+X».22006886E-8m ) AIV 320 
GO TO 180 AIV 330 
Y=53.449592*Xi(-.3C777121+X»(-.11955116E-2+X*(.40134812E-5+X»(.332AIV 340 
129146E-7+X»(-,90964446E-10))))) AIV 350 
GO TU 180 AIV 360 
Y = 62.293526+ X»(-.63532565+X«.16196907E-21 AIV *370 
GO Tü 120 AIV 380 
Y=29,196687+X»(-.29254434+X*.73280356E-3) AIV 390 
IF (Y) 170,170,160 AIV 400 

AIV 410 
AIV = 0. 
GO TO 190 
AIV=Y*COEF 
RETURN 
END 

AIV 420 
AIV 430 
AIV 440 
AIV 450 
AIV 460- 
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140 
150 

160 
170 
180 

SUBROUTINE ANCLE (LXI 
COMMON ICMt20)*G(90I 

riîîlîT 0MA,ftl« 30ú),DSUBl(200)tDSUB2(2Cfll 

COMMON »AdOOI iBIlOOl 
COMMON 00(20) 1 31,F0,lo°**DtHEA0(20),TITLE(20) „„u 

COMMcS JÍ2°^^2Ó?/«2Í2C)l)tM3(20i!MÍ!2Ó),ID,19,’IE‘l9,,L<99’*IY‘20lÍN6 
COMMON OS004(200),OSUb5(200) ANG 80 

■ ü,V‘l"C6 —• » 

£>Cr“ '“'A'u”’UD,M12”' ..rw,.,;^ lis 

ANG 
ANG 
ANG 
ANG 
ANG 
ANG 

10 
20 
30 
40 
50 
60 
70 
00 
90 

1151 ) . .. 

equival ence (Íu/Á/Jín.'íín^fü!; ,”;?'M18n • ‘wh.a(19)) 
EQUIVALENCE ( W21 i A ( 24 ) I ! PO * «ú n1 9’4 1 22 H • «W20»AI23)| 
EQUIVALENCE ( ROO, A ( 28 ) ), pÍ!a(2q ' u?QE;^26, * ’ ‘S TROK, A (27 ) ) 

EQUIVALENCE (DX,A(43)J, 
EQUIVALENCE (NSC,L(3)), 
LX = 0 
00 290 1=1,NC 

¿Mlí"’-1» 290, 10,290 ls=M( I i 
Kl = Ml( I ) 
K2 = M2( I ) 
K3 = M3( I I 
K 4 = M 4 ( I ) 

IF (K-3) 20,140,20 

ch£ck 11 ^11 ™ ^ « 

IF (A(KK)-X(I)) 50,40,40 
0AX= A(KK )-X( I ) 
GO IU 60 

OAX=A(KK)+NSC»la0.0-XII) 
IF (AOSÍXI I )-A(K9)1-4(46)) IPr ir 

IF (A(KK)-A(K9)) OO.eo/sí 12C'120'7C 
CA = A(KK)-A IK 9 ) 
GO TU ICO 

DA=A(KK)+NSC«l80.0-A(K9) 
IF ( CA-DAX > HO, 120,120 
CONI INUE 
WRITE (MLP,310) 

ÜalY^;^' 300’ I'X(>.*A(K9),DAXf0A 
CALL EXIT 
IF (OAX-D) 
L X = L X + 1 
OC(LX)=DAX 
GO TO 290 

LX = |TX*íl6°, 150’l60'l60)' K4 
CO(LX)=nxC 

it 170, 220, 220 
IF W14(K 3 )-X( 1)) 190, 180, 160 
DWX = W14(K 3 ) -X( I ) 
GO TO 200 

130,290,290 

180 

ANG 130 
ANG 140 
ANG ISO 
ANG 163 
ANG 170 
ANG 180 
ANG 190 
ANG 200 
ANG 210 
ANG 220 
ANG 230 
ANG 240 
ANG 250 
ANG 260 
ANG 270 
ANG 280 
ANG 290 
ANG 300 
ANG 310 
ANG 320 
ANG ¿30 
ANG 340 
ANG 350 
ANG 360 
ANG 370 
ANG 380 
ANC 390 
ANG 400 
ANG 410 
ANG 420 
ANG 430 
ANG 440 
ANG 450 
ANG 460 
ANG 470 
ANG 480 
ANG 490 
ANG 500 
ANG 510 
ANG 520 
ANG 530 
ANG 540 
ANG 550 
ANG 560 
ANG 570 
ANG 580 
ANG 590 

ÉilttiilNtilÉIHttiÜÜÉtti 



ANC 600 
ANG 610 
ANC 620 
ANG 630 
ANG 640 
ANG 650 
ANG 660 
ANG 670 
ANC 660 
ANG 690 
ANG 700 
ANG 710 
ANG 720 
ANG 730 
ANG 740 
ANG 750 
ANG 760 
ANG 770 
ANG 780- 

181 

190 DWX=W14(K3)+NSC»180-xm 
200 IF (DWX-D) 210,220,220 
210 LX-LX+l 

DO(LX»=OrtX 
220 GO TO (230,270,270,2701, K4 
230 IF <B(3û)-xmj 250,240,240 
240 DDX»B(30I-X( 1 I 

GO TO 260 
250 CCX = B(30)+NSC* 180.-X( 1 ) 
260 IF (COX-D) 280,270,270 
270 IF (M3( 1 1-41 290, 20,20 
280 LX = LX+-1 

DD(LX)=OÛX 
290 CONIlNUe 

RETURN 
C 
300 FORMAT (110,5E18,7) 
310 FORMAT (IH1,10X,8HBAD MODE) 

END 
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SUBROUTINE CHANG IlX> 

í= .,,0., 

COMMON IA1I3I. .... • ' * ' It I cO I 

CHA 
CHA 
CHA 
CHA 
CHA 
CHA 
CHA 

10 
20 
30 
40 
50 
60 
70 
80 
90 

100 

COMMON iaWN --^,.,111^120) CHA 

SiFíl^F^;t]^::í:;"'DU,''ml,''t,59.,0^ « l) E.4(6)), ( AF. A I 7) I . CAI,A(8n, (Cl.AÍOll l no d CHA 100 
equivalence (ec.aiiui ,*n ’ ÍBRR,All0,CHA no 

115)) 04(11)), (A0.A(12)), (FIM.A(13)), (o a,,4,, ,T CHA 120 
EQUIVALENCE ( VO, A ( 16) I ,r,n ‘«oAIU)), (TW, A(CHA 130 
EQUIVALENCE (HuÍa^ÓÍ! íí?íA,17n, •w 10, A {18 ) ) , ,wll .noll CHA 

am S=:Sß:::Bs^ «fe». £ £ 
«ÄS»*» 
EQUIVALENCE (L(5),L 5 ) 1 ’ (L(51 *•1EX(1)), (A(91),VI(1)) 
LX *0 
00 490 1=1,.NC 
I I*,NC4*3» INL ( J ) 
IX»NC4+3»l5+3*|gx(I) 
I4=A»I 

K-M(Î)< ,,’n 490* 20, 490 
K1 = M1( i ) 
K2=M2( I I 
K3=M3( I ) 
K4«M4(I) 
DO 60 K 9=1,5 

KK«K qIÎ ^ 60,30,60 KK=K9+)-5»(K9/5) 

Íf ,,yA,(M,:;',K9n 60, 5C, 50 
ru.i.ri1 ~A1 50» 200. 200 CHANGE HAS 1C MODE 

¿™nS<",''"ÍK"-A'4’" «.«..o 
GO TO 200 
Ml I )=L(KK♦10 ) 
K=M(I) 
MK I )=0 
M2(I) = 0 
M3(I )=0 
M4(I)=0 
LX = i 

GO TO (140,140,90,80.140) K 

VU4-1KûÎUÊL 15 PURGCD WHEN| EXHAUST VALVE OPENS. 
GO TC) 1 AO 
OU 100 N=1,3 

io..,...,,. 
M31I)=N 

■F I0BS,6(30,-A(K<,,-,(4,,, ,20,„„,U0 
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CHA 180 
CHA 190 
CHA 200 
CHA 210 
CHA 220 
CHA 230 
CHA 240 
CHA 250 
CHA 260 
CHA 270 
CHA 280 
CHA 290 
CHA 300 
CHA 310 
CHA 320 
CHA 330 
CHA 340 
CHA 350 
CHA 360 
CHA 370 
CHA 380 
CHA 390 
CHA 400 
CHA 410 
CHA 420 
CHA 430 
CHA 440 
CHA 450 
CHA 460 
CHA 470 
CHA 480 
CHA 490 
CHA 500 
CHA 510 
CHA 520 
CHA 530 
CHA 540 
CHA 550 
CHA 560 
CHA 570 
CHA 580 
CHA 590 



BUM 

120 

130 
140 
150 

160 
170 
180 

190 

C 
200 
c 
210 
220 

230 
240 
250 
260 
270 

280 
290 
300 

310 
320 
330 
340 

C 
350 
360 

370 

330 

390 
4C0 

410 

C 
420 
4 30 

440 

M4(I )-2 
GO TO 140 
M4( I )-1 
IF m I4I-YIIX)) 160,150.150 
M2I1)=1 
GO TO 170 
M2(I ) = 2 
IF ( Y( 14 )-Y( I I ) ) 180,180,190 
MK I 1 = 1 
GO TO 490 
HK I )-2 
GO TO 490 
CHANGE SUB MUDE 
GO TO 1350,350,210,350,350), K 
CHANGE COHbUSTION MÜDE 
GO TO ¡220,230,230,280), K3 
W1-AI3) 
GO TO 240 
W1=W14IK3-1) 
IF IW14(K3)-W1) 250,260,260 
IF (X(I)-Wl) 260,280,280 
IF I ABS(xm-W14CX3) I-AI47) I 270,270,280 
K3=K3*1 
M3( I )=K3 
LX-1 
GO TO 210 
GO TO (310,290,490,490, K4 
IF (Y( 14-1)-4(51)) 300, 300,490 
Y ( 14-1 )=0. 
M4( 1 )=4 
LX-l 
GO TO 350 
IF (0(30)-4(3)) 320,330,330 
IF (X( I)-A( 3)) 330,490, 490 
IF (ABS(X(I )-8(30))-A(47)) 340,340,490 
M4I11=2 
LX-l 
GO TO 350 
CHANGE EXHAUST VALVE MODE 
IF lA0S(Y(I4)-Y( IX) )-A(49)I 360,360,420 
LX-l 
GO TO (370,300), K2 
M2( I ) = 2 
Y( 14 )=Y( IX )-2•*A( 49 ) 
GO TO 390 
M2 (1) = 1 
Y ( 14 ) =Y(IX)+2.*A(49) 
IF (Y( 14)-Y( I I )) 400,400,410 
MK I ) = 1 
GO TO 490 
MK I ) = 2 
GO TO 490 
CHANGE INTAKE VALVE MODE. 
IF ( ABS(Y( I4)-Y( ID )-A( 49) ) 430,430,490 
LX-l 
GO TU (440, 450), K1 
Ml ( 1) = 2 
Y ( 14 ) = Y ( I I ) +2•*A(49) 
GO TO 460 
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CHA 600 
CHA 610 
CHA 620 
CHA 630 
CHA 640 
CHA 650 
CHA 660 
CHA 670 
CHA 680 
CHA 690 
CHA 700 
CHA 710 
CHA 720 
CHA 730 
CHA 740 
CHA 750 
CHA 760 
CHA 770 
CHA 780 
CHA 790 
CHA 800 
CHA 810 
CHA 820 
CHA 830 
CHA 840 
CHA 850 
CHA 860 
CHA 870 
CHA 860 
CHA 890 
CHA 900 
CHA 910 
CHA 920 
CHA 930 
CHA 940 
CHA 950 
CHA 960 
CHA 970 
CHA 980 
CHA 990 
CHA1000 
CHA1010 
CHA1020 
CHA1030 
CHA1040 
CHA1050 
CHA 1060 
CHA1070 
CHA1080 
CHA1090 
CHAI100 
CHAI 110 
CHAI120 
CHA1130 
CHA1140 
CHA1150 
CHAI160 
CHAI170 
CHAI180 

1 
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450 

460 
470 

460 
490 

MllDri 
VCI4)«VtII)-2.*A(4i)| 
jipi ) ) 480» 47Ct 470 
M2|I ) = 1 
GO TO 490 
M2(1)=2 
CONTINUE 
RETURN 
END 

CHAI190 
CHA1200 
CHA1210 
CHA1220 
CHA1230 
CHA1240 
CHA1250 
CHA1260 
CHA1270- 
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10 

20 

30 

FUNCTION CM (P1,P2,A,T,C) 
IHABSIPl-Pai-.OOSISOf50,40 

50 CM=0. 
RETURN 

40 W1*P2/P1 
IF (W1-.53) 10,20,20 
M2S «531246608 
GO TU 30 
W3*W!*•Il./C I 
H 2*2,05«W 3»SORT ( AH SI1.-WI/W3)I 
CM=h2»A»P1/SORT(T I 
RETURN 
END 

CM 00001 
DM 00002 
DM 00003 
CM 0C004 
CM 00005 
CM 00036 
CM C0007 
CM 00008 
CM 00009 
DM 00010 
CM C0011 

COOl 2 CM 
CM 00013 

185 

àiAtti 



c 

10 

20 
30 

40 
50 

COMBUi r io.'j k."4. W,xc,«Ht,B««I 

mbrIo.U0' 20'10'10»» mb 
return 

¿BF,Är850' «.^«’•AMC,U5-kFi- 
return 
END 

OMF 10 
OMF 20 
CMF 30 
CMF 40 
OMF so 
OMF 60 
CMF to 
OMF 80 
OMF 90 
OMF 100 
CMF 110- 

186 



FUNCTION EXMAN (HEM,AEM,TWEH,GAMMA• VEM,TGEM.UKEGA) 
C COMPUTES HEAT LOSS TO EXHAUST MANIFOLD WATER JACKET 

EXMAN=-HEM»AEM*(TGEM-TWEM)*(GAMMA-1. )/(VEM«OMEGA) 
RETURN 
ENO 

I 

EXM 10 
EXM 20 
EXM 30 
EXM 40 
EXM 50- 

I 
I 

I 
I 

5 

I 

I 

i: 

! 

( 

! 

i 

i 

i 
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SUBROUTIME FI (WF.Ml.WFM,Al,A2tA3,A4,XCYU 
C •* FUEL INJECTOR SCHEDULE 

CO TO 1 10,20,30,40), Ml 
10 WF=WrM*!XCYL-Al)/(A2-Al) 

RETURN 
20 MF^MFM 

RETURN 
30 WF=WFM*(1.-(XCYL-A3)/(A4-A3)I 

RETURN 
40 WF-0.0 

RETURN 
ENO 

FI 10 
FI 20 
FI ‘ 30 
FI 40 
FI 50 
FI 60 
FI 70 
FI 80 
FI 90 
FI 100 
FI 110 
FI 120- 

i 
1 
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90 
100 

120 

130 
140 

.150 

160 
170 
1 HO 

190 
200 

11 

SUBKOUTIME IMODE ' 
DIMENSION INI ( 20 )• IEXI20I, VH10) 
COMMON ICM(20l,r.(90l 
COMMON DMA INI 300 I. OSUB1 ( 200 I,DSU02(2CO) 
COMMUN XI 20 1,X0(20),Y( ICC),Y0(1001 ,011001,F(1001,A 11001,6(100) 
COMMON U< 20, 15),00( 20, 15),W14(3),F0U00) ,D,HEA0(20I ,T1TLEC20) 
COMMUN 00(20) 
COMMON IAII 3), IA2( 7 I, NCR, MLP,L14, IC(19),IO(19I,IE(19),L(99),IY(20)ÍmO 
COMMON M(20I,M1(20),M2(20),M3(20),M4(20) Imq 
COMMON OSU»4(2001,OSUB5(2301 IMO 100 
EOUlVALCNCe (AE, A (6 ) ), (AF,A(7II, (AI.AIB)), (C1,AI9)I, (BRR,A110 I I MO 110 

IMO 
IMO 
IMO 
IMO 
IMO 
IMO 
IMO 

10 
20 
30 
40 
50 
60 
70 
80 
90 

( AD, A (12 I ) , (F IM,A (131 ), (R,A(14)>, EQUIVALENCE ( EC,AI 11)1, 
115) ) 

EQUIVALENCE (V0,A(16)I, (CI0,A(17I), (W10,A(18II, (Hll,A(19)) 
EQUIVALENCE (W12,AI20)), (W13,A(21)), (wl9,A(22l), (U20,A(23)| 
EQUIVALENCE (H21,A(24)(, (PDfM25l), IÖ0RE,A(26)I, I STROK, A ( 27 ) I 
EQUIVALENCE I ROD, AI 28)), IPI.AI29)), lw29,A(30l) 
EQUIVALENCE IPM,AI33I), (CP,A(3bl), (DXC,A(41)I, (DXS,A(42)I 
EQUIVALENCE {DX,A(43)), IPmM,A(44)l, (NC.LUI), (NC4,LI2)I 
EQUIVALENCE (NSC,L(3)I, (NF,1.14)), IFC,AI36)) 
EQUIVALENCE ( L ( 31), INL ( 11) , IL(51), IEX111) , IA(91),V1111 ) 
EQUIVALENCE (LI 5 ),L 5 ), (LI22),L22I 
CALL RACK I A( 3),Wl4(l)tA14I2I,W14(3) ,FIM,G(9I ,0(2) .NSC.NCI 
DX2=CX/2.0 
DO 350 1=1,NC 
II = NC4 + 3* I NL( I) 
IX= JC4♦3»L 5 + 3* I EX( I I 
IY( I )= 1 
14=1*4 
DO 70 J = 1,5 
JJ=J+1-5*IJ/5) 
IF (A(JJ)-A(J) ) 50,10,10 

(AUSIXII )-AIJ ) )-A(46)) 80,80,20 
(XII)-AIJ ) ) 70, 80, 30 
(ABSIXII)-A( JJ I)-A( 46)) 90,90,40 
(A(JJ)-a(I)) 70,70,00 

30,60,60 

IF 
IF 
IF 
IF 
IF 
IF 

IABSIXI I I-AIJ))- A I 46 ) ) 
(XI I)-A(J)) 30, 00, 80 

CONT1NUE 
J = 5 
Ml 1 ) =L ( J ♦ 10 ) 
GO TO 100 
Ml I)=L(JJ + 10) 
K =MI I ) 
IF (Y( I4)-Y( I I )) 120, 120, 130 
MU I )=1 
GO TO 140 
Mil 1) = 2 
IF IY( 14 )-Y( IX)) 160,15C,150 
M2( I ) = 1 
GO TO 170 
M2I I 1 = 2 
GO 10 I 350, 350, 180, 350, 350), K 
W2=A(3) 
CO 230 J=1,3 
IF IACS(H14(J1-W2)-A(46)) 230,230,19C 
IF Imll4( J )-W2) 200,210,210 
IF (XII I-W2) 220,240,240 

IMO 120 
(TM,A(IMO 130 

IMO 140 
IMO 150 
IMO 160 
IMO 170 
IMO 180 
IMO 190 
IMO 200 
IMO 210 
IMU 220 
IMO 230 
IMO 240 
IMO 250 
IKO 260 
IMO 270 
IMO 280 
IMO 290 
IMO 300 
IMO 310 
IMO 323 
IMO 330 
IMO 340 
IMO 350 
IMO 360 
IMO 370 
IMO 380 
IMO 390 
IMO 400 
IMO 410 
IMO 420 
IMO 430 
IMO 440 
IMO 450 
IMO 460 
IMO 470 
IMO 480 
IMO 490 
IMO 500 
IMO 510 
IMO 520 
IMO 530 
IMO 540 
IMO 550 
IMO 560 
IMO 570 
I MO 580 
IMO 593 



210 
220 
230 

240 
250 

260 
270 

280 
290 
300 
310 
320 

330 

340 
350 

IF (X( I )-W2) 230,240,220 
IF (W14(J)-X(I)» 230,230,240 
W2 = W14(J ) 
M3II )*4 
GO TO 250 
M3( I>„J 

W4=A(3 )+A(45)«A(44)/Y(IH 
fl(30l=W4 

IF IB(30)-NSC*180.) 270,260,260 
B(30)=8(30)-160.*VSC 
W4=B(30) 
IF (W4-A(3)) 280,280,290 
IF (W4-X(()) 300.30C.320 
IF (W4-X( I! ) 313.310,300 
IF (X( I )-A ( 3 ) ) 310, 320,320 
IF (Y( )4-1 )) 340,340,330 
M4( I)=i 
GO TO 353 
M4( 1) = 2 
GO TO 350 
M4( I ) = 4 
CUNTINUt 
RETURN 
END 

IMO 600 
IMO 610 
IMO 620 
IMO 630 
IMO 640 
IMO 650 
IMO 660 
IMO 670 
IMO 680 
IMO 690 
IMO 700 
IMO 713 
IMO 720 
IMO 730 
IMO 740 
IMO 750 
IMO 760 
IMO 770 
IMO 780 
IMO 790 
IMO 800 
IMO 810 
IMO 820 
IMO 830- 
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IN3 
IN3 
IN3 
IN3 
IN3 
IN3 
IN3 

SUBROUTINE INP3 
DIMENSION 2(6) 
COMMON I CM (20)iG(90) 
COMMON 0M A IN(300 ),DSUB1(200),0SUB2(2C0) 
COMMON XI20),X0(20 ),VI ICC ),70(100),0(100)iF(1001,A(100).8(100) 
COMMON U< 20,15),U0(20,15),W14(3),F0(100>,0,HEAD(20), TITLE(20) 
COMMON 00(20) 

COMMON IAK 3),IA2(7),MCR,MLP,L14,IC(19),10(19),IE(19),1(99),IY(20)ÏN3 
COMMON M(20),M1(20 ),M 2(20),M3(20),M4(20) IN3 
COMMON DSUD4(200),DSUB5(20C) 1N3 

IC CONTAINS VARIABLE NAMES TO BE PRINTED IN3 
ID CONTAINS LOWER INDEX OF VARIABLE TU BE PRINTED INS 
IF CONTAINS UPPER INDEX OF VARIABLE TO BE PRINTED IN3 
TITT WILL BC PRINTED AT THE TOP OF EACH PAGE OF OUTPUT IN3 
HED WILL BE PRINTED AT THE TOP OF THE 11 COLUMNS OF THE TAPE PRINT IN3 

100 

110 

120 

130 

140 

150 

MCR = 5 
MLP = 6 
IAK D-1HI 
IA1 ( 2 » = IMP 
IA1 ( 3) = IHR 
IA2(1)=1HA 
IA2(2)=1HB 
IA2(3)=1HF 
IA2(4 I = IHL 
IA2(5)=1HX 
IA2(6)=IHY 
CO 10 1=1,25 
1(1)=0 
L 14=0 
READ (MCR.240) TITLE 
WRITE (MLP,250) TITLE 
READ (MCR.240) HEAD 
READ (MCR, 260 I 111,112,11,12,2 
WRITE (MLP,2701 111,112,11,12,2 
KKY = 1 
20 40 1=1,3 
IF ( I I l-IAK I ) ) 40, 50,40 
CCNTINUE 
GO TO ( 60, 150, 160, 210), I 
00 70 1=1,6 
IF ( I 12-IA?(I)) 70, 80, 70 
CONTINUE 
GO TO (90,100,110,120,130,140,210), 1 
CALL STORE ( 11. I 2,2, A,100,KKYI 
GO TO (20,210), KKY 
CALL STORE ((1, I 2,2,B, IOC,KKY) 
GO TO ( 20,210), KKY 
CALL STORE ( 11, I 2,2, F,100,KKY ) 
GO TO (20,210), KKY 
CALL STUU ( 11, 12,2,1,99,KKYI 
GO TO (20,210), KKY 
CALL STURE ( 11,I 2,2,X,20,KKY ) 
GO )0 (20,210), KK Y 
CALL STORE ( II,(2,2,Y,ICO,KKYI 
GO TO (20,210), KKY 
L 14=L 14-t 1 
IC(L14)=I12 
10(114)=)1 
IE(L14 ) = I 2 

191 

IN3 
IN3 
IN3 
IN3 
IN3 
IN3 
IN3 
IN3 
IN3 
IN3 
1N3 
1N3 
IN3 
IN3 
IN3 
IN3 
IN3 
IN3 
IN3 
1N3 
IN3 
IN3 
IN3 
IN3 
IN3 
IN3 
IN3 
IN3 
IN3 
IN3 
IN3 
IN3 
IN3 
IN3 
IN3 
IN3 
IN3 
IN3 
IN3 
IN3 
IN3 
IN3 
IN3 
IN3 

10 
20 
30 
40 
50 
60 
70 
80 
90 

100 
110 
120 
130 
140 
150 
160 
170 
180 
190 
200 
210 
220 
230 
240 
250 
260 
270 
280 
290 
300 
310 
320 
330 
340 
350 
360 
370 
380 
390 
400 
410 
420 
430 
440 
450 
460 
470 
480 
490 
500 
510 
520 
530 
540 
550 
560 
570 
580 
590 

M 



i 

60 TO 20 IN3 600 
160 CONTINUE IN3 610 
C IN3 620 

L(26»=L(5I*L(22) IN3 630 
IF ILI 26)-10) 170, 170, 190 IN3 640 

170 LI2)=4*LI1) IN3 650 
L(4)=2*LI2)+3«L(26) IN3 660 
I CM (1)=1(5) IN3 670 
ICMI2)=L(22 ) IN3 680 
I CM I 3)=L(26) IN3 690 
IF (1(4)-100) 180,180,200 IN3 700 

180 RETURN IN3 710 
C IN3 720 
190 WRITE ( ML Pi 220) IN3 730 

CALL EXIT IN3 740 
C IN3 750 
200 WRITE (MLP,230) IN3 760 

CALL EXIT IN3 770 
C IN3 780 
210 WRITE (MLP,280) 111,112,11,12 IN3790 

CALL EXIT IN3 800 
C IN3 810 
220 FORMAT (//64H PROGRAM WILL NOT ACCEPT A TOTAL NO. CF MANIFOLDS M0RIN3 820 

IE THAN TEN ) 1N3 830 
230 FORMAI (//52H NUMBER OF EQUATIONS TO INTEGRATE EXCEEDS DIMENSION )1N3 840 
240 FORMAT (20A4 ) IN3 850 
250 FORMAT 11H1,2ÛX,22H1NPUT DATA FOR SUB3 - ,/,20X,20A4) IN3 860 
260 FORMAT (Al,1X,A1,2I3,IX,¿F10.5) IN3B70 
270 FORMAT (/,IX.Al,1X,A1,2I3,1X,6E12.4) IN3880 
280 FORMAT (17H1BAD OATA - CARD ,A1,8H VECTOR ,A1,2I3) IN3 890 

END IN3 900- 

192 

iaaiiMaiBi<Ma«»M.íéiüím.üt.aiMBMaiiiaiaiMaiiiMiiiii ........ I- r .nun.-.-.-- --. .. 



; 

10 
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40 
50 
60 
70 
80 
90 
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! 
p 

1 

100 

SUBKOUT,ME PEAK ÍU. Y2, Y3, YMAX.YMIN .XX.XY.XZ.I PEAK.NSCJ 

X 2=XY 
X3=XZ 
IF ( Y2-YM IN ) 100,100,10 
0Y12=Y2-Y1 
0Y23=Y3-Y2 
IF (X2-X1) 20,100,20 
IF CX2-X3) 30,100,30 
IF (DY12I ICO,100,40 
IF IOY23) 50,100,100 
IF (IX3-X2)*(X2-Xin 60,60,90 
IF IX2-X1) 70,70,80 
X2 = X2*.NSC«130. 
X 3 = X 3+NSC*180• 
XY12=(Y1-Y2)/(Xl-X 2) 
XY23=(Y2-YJ)/(X2-X3) 
C«CXY12-XY23)/(X1-X3) 
B=XY12-C*(X1+X2) 
A=Y2-b*X2-C*X2*X2 
XMAX=-B/(2.*C) 
YMAX=A+B«XMAX+C*XHAX*XMAX 
I PEAK = 1 
RETURN 
I PE AK = 0 
RETURN 
END 

PEA 10 
PEA 20 
PEA 30 
PEA 40 
PEA SO 
PEA 60 
PEA 70 
PEA 80 
PEA 90 
PEA 100 
PEA 110 
PEA 120 
PEA 130 
PEA 140 
PEA 150 
PEA 160 
PEA 170 
PEA 180 
PEA 190 
PEA 200 
PEA 210 
PEA 220 
PEA 230 
PEA 240 
PEA 250 
PEA 260 
PEA 270- 

! 

} 

Í 

( 
! 
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PR3 
PK3 
PR3 
FK3 
PR3 
PR3 

111 
1 

e 

10 

11 

12 

13 

14 
15 
20 

25 

SUBROUTINE PRT3 
COMMON ICM(20),0(90) 

300),DSUf) 1(200»,DSUB2I2COÏ 

COMMON ui^'isKSS/^olisSIiKor^incf’D^p00’ ,A,l00, ^“OO* 
COMMON CD(20 ) S',W14,3,,F0,13C1*0,HEAO(2O),TITLE(20) 

COMMl!N ’1E,19,'L,99»»«V«20)PRf 
^UU4( 200),DSUB5(2C¿) ’ ^2°1 PR3 

ECU IV AL ENCE Í Cx| AI A* J)( p ih im3* Í 141 * ’ *,ÜXS, 4(4211 

mu24=nni:ru\,3,’:'^’4'4','«:'''“'' C4'U2n 

.FaiH.-CEA,12.,., 

WRIT£(MLP,2CC)T1TLE 
? 1-(25)=0(25)41 

CO 13 l = l,L 14 
ll“IC( I ) 
12= IE( 1 ) 
CO 3 J=l,7 
IF!1C( I )-!A2( J ) )3, 5,3 
CONTINUE 
WRITE(MLP,2C1) IC( I ) 
CALL EXIT 
11=1441 
1F(11-12) 5,5,13 
I4 = MINC( 1149,|2) 
GO TO (6,7, 8,9, 10, 11, 12), J 
«».;E,MCP.2oE„cm.;if¡;,í«(K)iK.UiI4) 

¡~p.2,... 

WE,VE,„CP.^MCI,|f,k),k„1>|41 

WRITEIMLP, 203) 
GO TO 4 
WRITE» MLP, 2C 51 ) 
GO TO 4 
WRITEIMLP,202) 
GO TO 4 

-«ltE,MCP.2CE"C, 

CONT INI)F 
IH L(23 ) )14,14,15 
return 
CO 20 1=1,NC 

DO 25 1=1,NC 

GO'io« 14^1 2^7),,M( * »,MK I ),M2( I ),M3(„ ,M4(1 ) ,x(I , 

ICI I ¡, 11,14,(L(K),K = 11, |4) 

ICI I ), II,(4,(X(K),K = I1,14) 

ICI I ), I1,I4,(Y(K),K = I1,I4) 

200 FORMAT(///,25X,2CA4) 

PR3 
PR3 
PR3 
PR3 
PR3 
PR3 
PK3 
PR3 
PR3 
PR3 
PR3 
PR3 
PR3 
PR3 
PR3 
PR3 
PR3 
PR3 
PR3 
PR3 
PR3 
PR3 
PR3 
PR3 
PR3 
PR3 
PR3 
PR3 
PR3 
PR3 
PR3 
PR3 
PR3 
PR3 
PR3 
PR3 
PR3 
PR3 
PR3 
PR3 
PR3 
PR3 
PR3 
PK3 
PR3 
PR3 
PR3 
PR3 

0001 
0002 
0003 
0004 
0005 
0006 
0007 
0008 
0009 
0010 
0011 
0012 
0013 
0014 
0015 
0016 
0017 
0018 
0019 
0020 
0021 
0022 
0023 
0024 
CJ25 
0026 
0027 
00 28 
0 329 
0030 
Oj 31 
0032 
00 3 3 
00 34 
00 35 
0036 
0037 
00 38 
0039 
CO 40 
0041 
0042 
0043 
0044 
00 4 5 
0046 
0047 
0048 
0049 
00 50 
00 51 
0052 
0053 
00 54 
0,.,55 
0056 
00 37 
0058 
0059 
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201 FORMAT I34H1BAD PRINT INSTRUCTION - VARIABLE .All III ^^‘'/«'^•^•^•iH-.ia.iHi.ioEiîîîi E ,An 
/*1X,Al»lHI»,2'lH~».ix.çil 5,6X1 ,151 

20A FORMAT!IX,1KX,10X,F12,6I 

F0RmAt«2.1X.2HU(,I2,9H-1 TO 151,1X,8E12.4,/,7612.4,//) prí n.i#,4 

in?5xA:Síííuu¿xa"S¡l;¡mR,lx,4HM,n’5x,5HMl,,,'5x*5HM2‘,,*5x'5H''3«PR3 
207 F0RMATI20X,15.^,15, 4I1C,F13.5) 

PR3 0063 

PR3 0060 
PR3 0061 
PR3 0062 
PR3 0063 
PR3 0064 

Í ? 
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10 

20 

30 

50 
60 
/0 

BO 
90 
100 
110 

120 
130 
140 

150 
160 

SII0ROUT INE PTOSL ILXI 
DIMENSION INI(201» IEXI2CI, VII10I 
COMMON !CM( 20)iG(90) i0' 

OMA INI 3001,0SUH1I2001,DSUB2I2001 COMMON 
COMMON 
COMMON 
COMMON 

pro 
PTO 
PID 
PTO 
PTO 
PTO 
PTO 

COMMON M(A2CI),,M!f20Í¡M2l2ÓlíÍ!3Í20)¡M4C2Í),n)a9,,,Ea9,’U99,,,Y‘20,^0 
COMMON DSUS4(200!,0SUB5Í2CÓ> O’ MO 

EOU I VAL ENCE I AE f AI 61 ), lAP.AITU, «AI.A,8„. «U.A«,,,. I BRR, A110 I PT 0 

I AO,A (12)), iciu . PTO leC.AI 11) ), 

II 

equivalence 
11511 

equivalence 
equivalence 
equivalence 
equivalence 
equivalence 
equivalence 
equivalence 
equivalence 
equivalence 
LX»0 
DO 20 1=1,20 
ODI1)=0. 
CO 16Û 1=1,NC 
I I = NC4■* 3» |NL ( I I 
IX = NC4*3«L5 + 3» IE <| I ) 
14=4*1 

IF IIY(I )-1) 160,30, 160 
K*M( 1 ) 
K1 = M1( I ) 
K2 = M2I I I 
K3=M3( I ) 
K 4 = M 41 I ) 
GO TO I 50,60), K l 
IF IVI 14 ) -Y I I Il-AI4H)) 
IF IYI ! 4)-YI I I)*A|461 ) 
LX«LX*1 

IF|M,A(13)), (R,A( 14)), 

(VO,AI 161 I, 
IW12,A(201 I, 
(M21,AI24)), 
I ROD,A(28 I I, 
IPM,AI 33)I, 

iS‘u=¡í: 

ICIO,All?)), 
I Ml 3,AI 21) I 
IPO,A (25)) , 
(PIiA(29|), 

(CP,4(35)), 

(TW,A(PTC 
pm 

(M10,AdBI), (W11,A(19) ) PTO 
• (hl9,A(22l). (H20,A(23) ) PTO 

's™0*'"”» pro 

(DXC,A(41) I , (OXS ,A(42)) PTO 

(AC4,L(2) I PTC 

PTC 

Reproduced from 
be») evailable copy. 

80,60,70 
70,60,80 

IYU)!lDm*~m ,4,_V,i,))/(Y0(I4)-Y0(M))) 

GO TO (90,100), K2 

ir 1^1^-^^)^( 48)) 110, 150,150 

Lxnxil V IX,'AU8n 150* 150*no 
DC(LX^=C/(1.-(Y( I4)-yux))/(Y0(I4)-YC(IXI)) 

GO TO (160,160,120,160,160), K 
GO TO (150,130,150,150, K4 
Il «TlI4-1I+AI50») 140,150,150 
t a «LX♦ 1 

D0(LX )=0*Y0l14-1»'(YO!14-1)-Y(14-1)) 
1 » » I I * 1 
GO TU 160 
IY(1)=1 

continue 
return 
END 

10 
20 
30 
40 
50 
60 
70 
80 
90 

100 
110 
120 
130 
140 
150 
160 
170 
180 
190 
200 
210 

PTC 225 
PTD 250 
PTC 240 
PTO 250 
PTD 260 
PTO 270 
PTO 280 
PTD 290 
PTO 300 
PTO 310 
PTC 320 
PÍO 330 
Í’TD 340 

IpTO 350 
PTO 360 
PTO 370 
PTD 380 
PTO 390 
PTC 400 
PTD 410 
PTO 420 
PTC 430 
PTC 440 
PTD 450 
PTD 460 
PTD 470 
PTD 480 
PTO 490 
PTD 500 
PTC 510 
PTO 520 
PTC 530 
PTC 540 
PTO 550 
PTD 560 
PTO 570 
PTD 580 
PTO 590- 

196 



J ».WW»IWJTU“'! . W' IHJ',!iy 'y|IWl«pVPRJljyp||^yipwiAmlilHWIW'Ll.^1101^111^,.111^1 

i 
t 
I 

1 
!; 

ï 
! 

M 

c 

10 
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SUBROUTINE PUN3 
COMMON ICMI20I.GI90I 
COMMON DMA IN (303) »DSUBlI 200)«DSUB212C0) „(._n. 
COMMON XI20>.XO(20»,V(lCCI.YO(100),0(10ai,F(100 .A lOOf.B 100» 
COMMUN U( 20»15)tU0I20i15)iWl4I3»,F01100»,0.MEA0(20)»TITLE(20 I 

COMMON lAlI’»,IA2(7),MCR.MLP.Li4,IC(19),10 119),IE119),1199),1Y 
COMMON Ml 20)»Mil 20)»M2I20)»M3!20)»M4(20) 
COMMON D$UB4(200)*DSUb5(200) 
CATA MPP/2/ 
WRITE (MPP,60) TITLE 
WRITE (MPP,60) HEAD 
KL0= 1 

PUNCHES V ARRAY USED FOR INTEGRATION OF EQUATIONS 
XCAK0*LI 4)/6 
YCARD»FL0AI ILl4))/6.OC 
IF (YCARO-XCARD) 20,20,10 
NCAR0*XCAKD+1.0 
GO TO 30 
NCARO^XCARO 

WRÎTE I MPP, 53 ) I A). I 1 ) • IA2I 6) ,KL0,KM J , IY IK) ,K*KL0,KHI ) 
KLO-KLO+6 
KHI=KHI+6 

PUN 
PUN 
PUN 
PUN 
PUN 
PUN 

120)PUN 
PUN 
PUN 

10 
20 
30 
40 
50 
60 
70 
BO 
90 

RETURN 

FORMAT 
FORMAT 
END 

(A1,1X,A1,?13,1X,6E10.4) 
(20A4) 

PUN 100 
PUN 110 
PUN 120 
PUN 130 
PUN 140 
PUN 150 
PUN 160 
PUN 170 
PUN ISO 
PUN 190 
PUN 200 
PUN 210 
PUN 220 
PUN 230 
PUN 240 
PUN 250 
PUN 260 
PUN 270 
PUN 280 
PUN 290 
PUN 300 
PUN 310- 

I Reproduced from _ 
1 bes) available COPY- 
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nil Jill•iiiMi'uimi'Mi^wupifnivp? nimim MWipp 

SUBROUTINE RACKI A1•A2fA3«A4tHFM>7EE«CMFra wer ^ri 
data DPR/57.2957e/.RE0pR;.ï;;ï;;^/!^î^;;NSC’NC, 

FUEL INJECTOR SCHEDULE FOR LSV-16 DIESEL ?AC 

"«r^rcuHsirir^NTt.ijfs^ís^íír;,^0 fuci »*rí'ie»*“« 
WRITTEN BT BRUCE ALLEN 11/71 
REFERENCE COOPER-BESSEMER GRAPHS RAC 
REFERENCE GROVE CITY TESTS,JUNE 1971 
FUEL SCHEDULE RAMPS,UP AND DOWN,DEDUCED FROM TEST DAT A,JUAE 1971 S!c 

Z=¿EC*1039, R*C 
SPEEC=OMEGA»REVPR RAC 
CCWN=.3A225»/-2.1099 KAC 

4 Al = -5,A947008+2*(-,54174 284E-l*2*|-« 38790261E-2I 1 ♦ 

A2=Al+UP MAC 
A3= AA-DOWN MAC 

WFM=-,02027+4.55788*2EE+123.07835»ZtE»ZEF RA^ 

lOOlWFM^CPR.WFM.O.S.FLOATINSO/IFLOAKNO.SPEED.US-AZtO.S.CAZ-Al + A^. rÎc 

RETURN MAC 
END RAC 

RAC 

0000 
0001 
00 j 2 
00C 3 
0JC4 
000 5 
0006 
00 07 
0008 
0009 
0010 
0011 
0012 

0013 
o: 14 
0015 
0016 
0017 
0018 
00 19 
00 2 0 
0021 
0022 
0k2 3 

: 

! 

i 
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SUUftOUTINE RK3 
COMMUN ICM(20),0(90) 
COMMUN DM AIN( 300), DSUD 1(2001,0SUB2(200) 
COMMON X( 20),X0(2O),Y(1C0),Y0(100),0(100),F(1001,A(100),B(I00) 
În«MnM *• U0* •’Q*15),W1A(3),F0(I00) ,0,HEAD (20) .TITLE (20) 
LUnnUN CO(20 ) 

10 

20 

30 
40 

50 

60 

70 
80 

90 

RK3 
RK3 
RK3 
RK3 
RK3 
RK3 

COMMUN IA1(3),IA2(7),MCR,MLP,L14,IC(19),I0(19),IE(19),L(99),1Y(20)RK3 
COMMON M( 20),MK 20),M2(20),M3(20),M4(20) ’ ’ Y«ZO>«K3 
COMMON 0SUD4I200),OSUri5(200) rkI 
LUUIVAI.ENCE (AE,A(6>), (AF,A(7)), (AI,A(8)I, (C1,A(9)), (BRR,A(10IRK3 

RK3 
( EC,A(11) ) , (AO,A(12)), (F IM,A(13)), (R,A(14))t (TW,A(RK3 

(YO,A(16) ), (CID,A(17)), (W10,A(1B)), (Wll,A(19)) 
(W12,A(20 ) ), (W13,A(211) , (W19,A(22)I, IW20,A(23)| 
(W2l,A(24)), (PD,A(25)) , (BORE,A(26)), (STROK,A(27)) 
( ROD,A(28 ) ), (PI,A(29)) , (W29,A(30)) 
(PM,A(33 ) ), (CP, A(35)) , (DXC,A(41)), (0XS,A(42I) 
I DX, A( 43 ) ), ( PINIM, A ( 44 ) I , (NC.Ldl), (NC4,L(2)I 
(NSC.L(3) ), (NE,L(4)), (FC,A(36)) 

11 
EQUIVALENCE 

115) ) 
EQUIVALENCE 
EQUIVALENCE 
EQUIVALENCE- 
EQUIVALENCE 
EQUIVALENCE 
EQUIVALENCE 
EQUIVALENCE 
W1«.5*D 
H«D»W11 
N=NE 
DO 10 I = 1,N 
Q(I)*0»0 
CALL YPi 
00 20 1=1,N 
S = F(I )«H 
T = .5*(S-2.*Q( I ) ) 
Y(1 )=Y(I ) + T 
Q( I )=0( I) + 3.»T-.5*S 
DU 40 1*1,NC 
X(I)*X( I ) +W 1 
IF (X( I)-W29«.001) 40, 30, 30 
X(I)*X(I)-w29 
CONTINUE 
CALL YP3 
CO 50 1=1,N 
S = F( I )#H 
T*.29289322»(S-Q(I)) 
Y( Il*Y{Il + T 
Q(I)=U( I)t3.*T-.29289322*S 
CALL YP3 
CO 60 1=1,N 
S = F< I )•(- 
T=l.7071067*1S-U(I)) 
Y (I )=Y( I )4T 
Q( I ) = Q(I1 + 3,*T-1,707106*S 
CC 80 1=1,NC 
X( I )=X(I)+w 1 
IF (X( I)-W29*.001) 80, 70, 70 
X( I)=X( D-W29 
CONIINUE 
CALL YP3 
CO 90 1=1,N 
S = F(I )*H 
T*( S-2«*g( I)1/6, 
Yll)=Y(I)*r 
0( I)=Q(I)43.*I-.5*S 
RETURN 
END 

10 
20 
30 
40 
50 
60 
70 
80 
90 
100 
110 
120 

RK3 130 
RK3 140 
RK3 150 
RK3 160 
RK3 170 
RK3 180 
RK3 190 
RK3 200 
RK3 213 
RK3 220 
RK3 230 
RK3 240 
RK3 250 
RK3 260 
RK3 270 
RK3 280 
RK3 290 
RK3 300 
RK3 310 
RK3 320 
RK3 330 
RK3 340 
RK3 350 
RK3 360 
RK3 370 
RK3 380 
RK3 390 
RK3 400 
RK3 410 
RK3 420 
RK3 430 
RK3 440 
RK3 450 
RK3 460 
RK3 470 
RK3 480 
RK3 490 
RK3 500 
RK3 510 
RK3 520 
RK3 530 
RK3 540 
RK3 550 
RK3 560 
RK3 570 
RK3 580 
RK3 590 
RK3 600 
RK3 610- 

199 
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suaRouriNE suh3 

MMFf^ïrl^u^n3 ^ C00pER-BESSEMER LSV-16 
in\! MX* 20)tMXl( 20 ) t KX2( 20 <MX3(?0) ,MX4(20» 

DIMENSION X2(20)«I>X(100Ii1MIICC) 
DI MENS ION F1I2I,F2(2I,E3|2),F4(2),F5(2| 
COMMON ICMI20)•Cl 90) 
COMMON CMAINI 300 I, OSUQ11 2C0), OSUÜ212C0) 

COMMON CD! 2Sr N 

S£!H;Ss^ 

SU3 
SU3 
SU3 
SU3 
SU3 
SU3 
SU3 
SO 3 
SU3 
SU3 

SiS;:iHHF®ÍÍÂ"í5 
Yf?!*G(2ÍCE <,•(¾'*LS,•,L, ^^1-22), (1(261,1522) 

L 70L C = L(7 I 

C0M10C1 3 = 1*122 MA'JIFULI; HtAT COEIFlCIElIfS 

J 1 = 590»l 5+J» 3 
1001 tl( J* U )=A( 52 ).(C(J1)/A( 64))..0. a 

CO 1002 J=1,L522 
J 1 = 62*(J-1)•3 

1002 B(J + 50 )*G(J 1)/V( 2J 
100 If(G(22 )-(d|1)*0.5»dxI)6, 5, 5 

6 CC 515 J=2,25 
515 B(J ) =0.0 

DO 7 1*1,NC 

SPECIAE LOGIC FOR LSV-16 . KINEMATICS AS FUNCTICN Cf M AS T ER « R, GMr , S J 3 

IF( l-NC/2)6C,6C, 61 SU3 
60 I K*I SU3 

IL* IR.NC/2 SUJ 

•ÎuR.in“nl!R',ri,F2,F3,F4*F5,VÜ’A0*PD' loi 
SU3 

SU3 
SU3 
SU 3 
SU3 
SU3 
SU3 
SU3 
SU3 
SU3 
SU3 
SU 3 
SU3 
SU3 
SU 3 
SU J 
SU3 
SU3 
SU3 
SUJ 
SU3 
SU 3 
SU3 
SU 3 

U( IL, ll) = H(2) 
U(I«,12 I = F2(1) 
U(IL,12)=F2(2) 
U(lR,13)=r3(1) 
U(Il,13 ) = F 3(2) 
U( IR, 6) = F41 1) 
01 IL,6 ) =F4(2) 
U(IK,7 ) = F5( 1) 
U(IL,71=15(2) 

MSpr=lmïTI AND SLAVC(LEFT) have oiffepekî masses 

GO TO 63 
61 PM=A(32I 

63 B(24) = U(24)+(Y(141-AI 63)). L(I,12) 

SU3 
SUJ 
SU3 
SU 3 
SU3 
SU3 
SUS 
SU3 
SU3 
SU 3 
SU 3 
SU3 
SU3 
SUJ 

OGO1 
0302 
000 3 
0004 
00 J 5 
00 J6 
0007 
00 OB 
00 ¿9 
OS 10 
0011 
0 j 12 
0013 
0314 
0015 
0316 
0017 
OOltJ 
0019 
0 3 20 
3 j2 1 
0j2 2 
0023 
0024 
00 2 5 
Oj¿b 
0 j ? 7 
032d 
0 ) 09 
Jv 3 J 
03 31 
0 3 32 
00 3 3 
0034 
0035 
00 26 
0027 
03 33 
OO j9 
004 0 
0 14 1 
0042 
0j4 3 
004 4 
G j4 5 
3 j 4 6 
0 04 7 
00 48 
0049 
00 50 
0 j 5 1 
Ou 5 2 
00 5 3 
0»' 54 
O.j 5 5 
0056 
00 5 7 
0053 
Oij 59 

200 
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c 

c 

UI2*U( I.12|*UII. 12) 
6( 2 )■ B( 2 ) «U 12 
B(5)»fl(5)*U( It 12)*U( I • 13)*PH 
BI6)»B( 6I*UI2*PM 
B(7) « 0(7) ♦ V( I4»l) 
B( II)SH(11)«U(It 3) 

7 CONTINUE 
B!7> * 0(7)/NC 
B(24)«B(2<i)«A0 
B(2)»B(2)»B(37) 
B(3)«BI6)»G(3)+G(2l*G( 2)»B(5) 
C«2<() = B(24) 
G(25)cB(2) 
G(26)«015 I 
G(27)>B(6)4AI 
B(2)*b(2)*C(2) 
0(4)»B(24»-BI2)-B( 31 
HEAT BALANCE EUK ENTERPRISE DIESEL 
B(11)>B(11 )/A(34) 
B(12) = 0(2 ) «Cl 2 )/A(34) 

B(14)«A( 35 ).0( 55)•( 6(57)-0(12))/A(34) 
B(15)»A(35).0(58).(0( 56)-0(60))/4(34) 
6(18)*A(65) 
6(16)=0(4).G(2)/A(34)-B(18) 
BI 17)=0. 

C HEAT IU EXHAUST MANIFOLDS 
CO 1003 J=ltL22 
J1*60*3»L 5* 3*J 
J2=J441 

1003 6] I7>»m7MA( 53).6( J2). (0( Jl)-A( 54) )/4(341 
u(31)=0(11) 
G(32)=0(12) 
Gl34 ) = 0(14 ) 
G(35)=0(15) 
Gl36) = 0(16 ) 
6137)=0(17) 
6(52) = 01 IB) 
Gl53) = 0(10).A(34)/0( 2) 
L(10)*L(18)*1 
I CX=IF IX(0(33(1 

/f il; ,i1®,",,'SISC#130»/«,JC.IDX )41) )43,35,39 L I 1 a J s0 
IF(JP)40, 40,41 

41 PMAX«0. 
DO 42 IJ=1,JP 

42 PPAX = AMAXKPMAX,PX( IJ)) 
5999 FORMAT«10F13.6) 

0(15)=PMAX 
JP>0 

40 IF( JT)43, 43,44 
44 T MAX =0 • 

CO 45 IJ=1,J T 
45 TMAX=AMAX1(TMAX,TM(|J)) 

0(16) = TMAX-4 59.7 
J T = 0 

43 0(6)=0141 
0121)=0(4)/12. 
SET MAN I FUL C PRESSURES 
DC 1004 J = 1, L 5 

SU3 0060 
SU3 0061 
SU3 0062 
SU3 0063 
SU3 0064 
SU3 0065 
SU3 0066 
SU3 0067 
SU3 0068 
SU3 0069 
SU3 0070 
SU3 0071 
SU3 0072 
SU3 0073 
SU3 0074 
SU3 0075 
SU3 0076 
SU3 0077 
SU3 0:78 
SU3 0379 
SU3 OOBO 
SU3 OOtil 
SU3 0082 
SU3 0333 
SU3 0o84 
SUJ 0385 
SU3 0386 
SU3 03(.7 
SU3 Ootiï 
SU3 0.,09 
SU3 0090 
SU3 0391 
SU3 0092 
SU3 0093 
SU3 0394 
SU3 0095 
SU3 0j96 
SU3 0097 
SU3 0398 
SUJ 0099 
SU3 0130 
SU3 C131 
SU3 0102 
SU3 0133 
SU3 0iO4 
SU3 0135 
SU3 0106 
SU3 01C 7 
SU3 0138 
SU3 0109 
SU3 OllO 
SUJ Dili 
SUB 3112 
SUB 0113 
SUJ 0114 
SUB OHS 
SUJ 0116 
SUB 0117 
SUB 0118 



flp* BPISPIlilfPPipiiippf rnrnrnrnimmmmmmmm 

•íl-30* J»J 
J2*NC4*3*J 

100« GUI ) = Y( J2Í 
CO 1005 J*1,L22 
J1-58*3«L5*3«J 
J2*NC«+3»L5*3»J 

1005 GUl) = r(J2) 

SU3 
SU3 
SU3 
SU3 
SU3 
SU3 
SU3 
SU3 
SU3 
SU3 
SU3 
SU3 
SU3 
5(13 
SU3 
SU3 
SU3 

— • ' w* s. wr f i o 

B13«)-B(32)-u(3lj 
1f(BC 3« ) )12*13*13 

12 B( 34 )s(j( 3« ) 4NSC*180. 
13 B( «0) = d(31)-0(26) 

IF( B(«0))730* 735, 735 
730 B(«0)=P(«0)4NSC*180. 
735 8(«1 )sB(33 )-B(32) 

7,. 1^6(41 ))740, 745, 745 
740 6(41) = 8(41) 4')SC* 180. 

745 CODSOMPUONÍLB/HK) SU3 

B«13)=B(25).EC/(36CC.*A(34)) SU3 
G(33)=8(13) SU3 

IF(L(i7U17,14.17 SU3 
14 B(36) = FC SU3 

B(38 ) = C 1 SU3 
L(17)=99 su3 

W^MUU^líf^ CUMPUTES HEAT -JD FRieriCN C0EFFlC(Ef,rsLüï 

ill !fÍa¡si,xmm,I,10C*#NSC,1í"111'111 SU3 
.= Ifl*“5^' 1))-A(«6))15,15,16 SU3 
15 B(36)=8(36)»AI37)/G(30) $U3 

6(38)=8(38).4(38)/0(36) SU3 
6(37)=8(36) SU3 

C(29)=u(l,l) SU3 
R ETUKN c li i 

5 D=CX SU3 
CP=CX jyj 

6(27)=0(9) 
CALL (MODE 

50 CO 51 1=1,NC 
IV(()=1 
6( I*60 )=00( 1,1) 
U0( 1,1 )=U(I,1) 
14=4* 1 
6( 1+80 )=Y0( 14) 
X2(() = X0( 1 ) 

51 X0( ! ) =x( I ) 
CO 102 1=1,.NE 
P0( I ) = F(1 ) 

102 Y0I( ) =Y (1) 

CALL ANGLE(LX) 
IF (LX )109, 109, 104 

10« CO 119 K = 1, LX 
119 C= AMINK C, CC(K ) ) 

L ( 7 )=L ( 7 ) ♦ 1 

SU3 
503 
503 
503 
503 
503 
503 
503 
503 
503 
503 
503 
503 
503 
503 
503 
503 
503 

0120 
OI2; 
0122 
0123 
0124 
0125 
0126 
0127 
3128 
0129 
0130 
0131 
01)2 
0133 
0134 
0135 
0136 
0137 
0138 
0139 
0140 
0141 
0142 
0143 
0144 
014 5 
014 6 
0147 
014* 
0*49 
015-' 
0151 
0152 
0163 
0154 
0155 
0156 
0*57 
0163 
0159 
0160 
0161 
016' 

0163 
0164 
0165 
0166 
0167 
0168 
0169 
017; 
0171 
0172 
0173 
0174 
0175 
0176 
0177 

202 



,, .wwiiiuNW»'"'' '»H jsuwpwfw ’ÍPpffiíi'HIIIMJIiil'WWWWW'l’MPP11 
,¾ " 
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I IFILX-20)10q,109,802 
802 KON«7 

I CO TO 800 
j! C CHECK L ( 7 ), AN Cl E COUNTER 

109 IH L(7 )-L 70LD-500)230,230,200 
I 200 MRITE(NLP,997)(A(I I I, II *1,5) 
: 997 F0RMATl//2X,!9H ANGLE COUNTER /,1X,5E15.8) 

WR IT E(MLP,998 ) I0D(11), I I «1,LX) 
i WRIT El MLP,999) W14,B(30) 
I WRIIEIMLP,999)X 
I WRIIEIMLP,9991V 
. IFI LI 7l-L 70LU-505)230,23C,225 

225 KON*11 
G0 TU 800 

I 230 iricmo, 13C.300 
: 130 K0N=4 

800 WRITE!MLP,25 IKON 
25 FORMAT I 8HTROUBLE 151 

999 FORMAT!10F1Î.8) 
WRITEIMLP,899|M,M1,M2,M3,M4 
WRIIEIMLP,899)MX,MX1,MX2,MX3,MXA 
WRIT El MLP,959)0,1001 11 ),ï I=1,LX),0P 
WRIIEIMLP,959HAI II ), 11*1,5) ,W1A,BI3C) 
WRITEIMLP,999)X,X0,X2,V,V0,F 

899 FORMAT I2013) 
CALL PRT3 
CALL EXIT 

300 CALL RK 3 
CALL PTCSLILX) 
IFILX1400,SCO,400 

400 00 461 1*1,LX 
1919 FORMAT! I5.E20.5) 
461 C*AM IN 110,CD!I)) 

IFIC)805, 805,469 
805 KON*10 

GO TU 800 
469 IF(LX-20)468,468,801 
801 K0N*6 

GO TO 800 
468 L(H ) = L(H ) +1 

LI 6 ) *L I 6 ) ♦ 1 
1999 FORMATI1615 ) 
1467 CONTINUE 

IF(L(6)-100)466,466,467 
467 KON=5 

GO TO 890 
466 00 464 1*1,NC 
464 XII )=XOI I I 

00 465 I*1,NE 
465 VI I )=VOI I ) 

GC TU 300 
500 Bl 1)*B(1)+C 

CP*CP-0 
C*OP 
LI6 ) *0 
LI 9I*L I 9)♦1 
CO 530 1*1,NC 
MXI 1 )*M( I ) 
MX 11 I I = M11 I ) 

SU3 0178 
SU3 0179 
SU3 0180 
SU3 0181 
SU3 0182 
SU3 0183 
SU3 0184 
SU3 0185 
SU3 0186 
SU3 0187 
SU3 0188 
SU3 0id9 
SU3 0170 
SU3 0191 
SU3 0192 
SU3 0193 
SU3 0194 
SU3 0195 
SU3 0196 
SU3 0197 
SU3 0198 
SU3 0199 
SU3 0200 
SU3 0201 
SU3 0202 
SU3 0203 
SU3 0204 
SU3 0205 
SU3 0206 
SU3 0207 
SU3 02JÜ 
SU3 0209 
SU3 0210 
SU3 0211 
SU3 0212 
SU3 0213 
SU3 0214 
SU3 0215 
SU3 0216 
SU3 0217 
SU3 0218 
SU3 0219 
SU3 0220 
SU3 0221 
SU3 0222 
SU3 0223 
SU3 0224 
SU3 0225 
SU3 0226 
SU3 0227 
SU3 0228 
SU3 0229 
SU3 0230 
SUJ Oi.31 
SU3 0232 
SU3 0233 
SU3 0234 
SU3 0235 
SU3 0236 

.. 1 . 
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*X2(I)«M2( fI 
HX3( 

530 MX4( n«K4( I ) 
C3LL CHANG«LX I 
CO 520 1*1,NC 
14*4» 1 

^CALL PEAKIBII«00),V0(14) 

512 JP*JP+l 
PX(JP)=PMM 
!?(JP-100)511,511, 8C3 

803 KCN*9 
WR IT t« MLP,990)PX 

998 FORMAT (10E13.6) 
GO TO 800 

5I1insc) PE/'K,B( ,*60,»u0‘•, 

1F( IPEAK)52C,52C,514 
514 JT*JT♦! 

TP«JT )*TMM 
^(01-1001520, 520, 804 

804 KCM=8 

WRITE«MLP,998|TM 
GO TO 600 

520 CCNIlNUE 
mcP-.oomco.ico.s0 

t Y«14),PMM,500« 
tX2(n,xom,x(i),iPtAK 

SU3 0237 
SU3 0238 
SU3 0239 
SU3 0240 
503 0241 
SUJ 0242 

NSCSU3 0243 
SU3 0244 
SO3 0245 
SU3 0246 
503 0247 
503 02*t8 

»Ul 1,1),TMM,25C0. 
• X2(ll .XO(U ,X(I) ,IPEAK 

503 0249 
503 0250 
503 0251 
503 0252 

, SU3 0253 
503 0254 
503 0250 
503 0256 
503 0267 
503 0258 
503 0259 
503 0260 
503 0261 
503 0262 
SO- 0263 

204 
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c 
c 
c 
c 
<L 
c 

^V^TINE TABLE « CC, F1, F2, F 3,F4, F5, VO, AO, PDI 
DIMENSION FU 21, F2(2|, F3I2I, F4I2I, F5Í2I 

SUBSCRIPTS ARE 1 = MASTER , ANO 2 ■ SLAVE 

CATA Ws’kA’^’yB’So^0!^^1''5* *11,75’55, »43*211 »0**28319,0.04/ 
CATA W5,k6,W7,W8,W9/-.117S4,.99307,.58779,.80902,.235/ 

ENGINE CRANKING KINEMATICS FOR LSV-16 
WRITTEN BY BRUCE ALLEN 11/71 
REFERENCE COOPER-bESSEMER EQUATION (SECTION 9.B.4 OF PROGRAM 

DOCUMENTATION FUR COOPER-BESSEMER LSV-16,OIESELI 

TAB 
TAB 
TAB 
TAB 
TAB 
TAB 
TAB 
TAB 
TAB 

10 
20 
30 
40 
50 
60 
70 
80 
90 

TAB 100 
TAB 110 
TAB 120 
TAB 130 
TAB 140 
TAB 150 
TAB 160 
TAB 170 
TAB 180 
TAB 190 
TAB 200 
TAB 210 
TAB 220 
TAB 230 

C*CO».01745327 
Wl-SINICI 
W2*CC)S ( C I 
Wli*Kl«Wl 
C55-C5«C5 
cn=c:*ci 
W22=W2*W2 
W3=SIN<C+C8| 
W4= COS (C+Cfi) 

MASTER PISTUN KINEMATICS 
Fl(1)*C1+C5-C1*W2-SQRT(C55-C11«W11) 
cfi î!S5î,K1*0*5*Cn*S,N,2,0*C,/S0Rr,C55-Cll*hll) tão 

lCli«Wll)*»l*50^*C^^* 2,0*c* ^SQR TIG 55-C11* Wll) + Cll*Cll*Kll«h22/(C55-TAB Ho 
ARTICULAIEDISLAVE ) PISTON KINEMATICS If? ??? 
X1*C1«W4 TAB 260 
OX 1 = -C1»a3 TAe 270 
DCX1=-C 1 »W4 TAB 280 

X2 = C4* ( W6«5QRT( 1,0-C9«Wl 1 |-fW5*wi/C2 ) ÎÎ? 
OX2 = -W9..;6#SINI2.*c)/sCiRni.-C9*hll)+C4.V,5*W2/C2 riS 

Z=Cl.W8.Wl+Cl.W7.W2*C4.k5»SÚRT(l.C-C9.Wll)-C4.W6.kl/C2 îîe 34S 

WlO=C6*C6-2»2 T AB 350 
TAB 360 

E=Z/SQRT(wlG) TAB 370 
X3 = C6/S!JRT( 1.0 + E«E) TAB 380 

TAB 420 
ui=2*z«nz TAB 
DU1=Z«2*0DZ+2.*Z«DZ*0Z TAB ^40 
DE=U1«W10»*(-1,5)+02/SQRT(hlO) ïî® 

lS!ï!)-KÏÎ,;’,*,"1,5,+'J1*3,*Z*hl0*M‘2*5,*DZtDDZ'sORT«W10UDZ.OZ.Z.wfÎB 470 110**1-1.5) 
CX3 = -C6*E*( l.+E*E)**(-1.5)*0E 
U 3= E*DE 
CU3=E*CDE<CE*DE 
CDX3=-C6*I-3.*|l.+E*^ '**(-2.5)*U3*U3+0U3*(l.*E*E)**(-1.5)) 

C CISPLACEMENT FROM T.O.C. , ARTJCULAIED PISTON 
F1(2)=C1*C4+C6-X1-X2-X3 
F2( 2) = -nxi-r:x2-DX3 
F3I2)=-CUX1-DCX2-DDX3 

C COMPUTES VOLUMES AND HEAT IRANSFER AREAS 
00 10 J = 1,2 

10 

F4!J)=V0*F1(J)*AD 
F5(J)=2.*A0*Fl(J)*PD+V0*PD/A0 
RETURN 
END 

TAB 480 
TAB 490 
TAB 500 
TAD 510 
TAB 520 
TAB 530 
TAB 540 
TAB 550 
TAB 560 
TAB 570 
TAB 580 
TAB 590 
TAB 600 
TAB 610 
TAB 620 
TAB 630- 
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c 
c 
c 

10 
c 

30 

C 
40 
SO 

TP3 
VP3 
VP3 
VP3 
YP3 
VP3 
VP3 
YP3 

SUBROUTINE YP3 

sss ;íti;°,«;i;:2?í¡2?.,,Flí!5l:,?ííj!* 
COMMON I CM«20)(0(90) ' P^,Z, 

5^i'?, 303,,OSuBI,2C0»'DSUB2«2ÛOI 

^COUIVALENCt UI.AIB)), ,0,..,,,,. {*» 

^EQUIVALENCE lEC.Adin, ( ADi Al 12) ) • (FIM,A(13n, (R.AIKI), (TW.Alïîa “S 

III 
SSS ÍS"«ií:\~i“£i-iip. "K«K 

i o 
20 
30 
40 
50 
60 
70 
60 
90 

YP3 100 
VP3 110 

EQUIVALENCE I ¿« d í ,7l 1^ä J J , ‘ 'í “11 / ! ‘’J > !VI (1 ) I Yp3 „5 
MAKE ANGLES LESS THAN NSC*180. L5 ’ ,L,22»*L22I. (L(26I,L522I YP3 240 MÄKE ANGLES LESS THAN NSC»180. 
CALCULATE MANIFOLD TEMPERATURES 
Y!2)*G(2) 
COMPUTE MAN IFÜLD TEMPERATURES 
DO 10 J=>l,L522 
Ji*60+J»3 
J2*NC4+3»J 
T IMUIaVI J2I«VI«J)/(R*Y(J2»in 
CIJII-TIMIJ) 

DO 240 l«l,NC 
IMI-INL«I) 
IME*ICX( I l*L5 
II»NC4*3«INLI11 
IX*NC4*3*L 5 + 3*I EX ( I) 
U( I,2I=TIM( (MU 
U(I»151»!IM(IME) 
I4«4*l 

KON^Ï* “♦"•'"'♦i'-YUXnn 30,40,40 

ÏSÎÎf ÍMl'o'ífn! í0N'Y‘>4d),Ymd»,Y(IXd) WRITE (MLP,440) M,M1,M2,M3,M4 
WRITE (MLP,450) X.F.Y 
CALL EXIT 

ïF''ri-6,î/2!vr,";“0,s w "«««<«,o«,,.... 
IR» I 
IL> IR«NC/2 

unR,ín=Fl^|IR,,,:l,F2,F3,,:4,F5,V0,Atî•PD, 
U( IL,ll)aFl(2) 
U(IR,12 ) = F2(1) 
U(IL,12)=F2(2I 
U(IR,13)«F3(II 
U(IL,13 )>F3(2) 

YP3 150 
YP3 160 
YP3 170 
YP3 180 
YP3 190 
YP3 200 
YP3 210 
VP3 220 
YP3 230 

YP3 250 
YP3 260 
VP3 270 
YP3 280 
YP3 290 
VP3 300 
YP3 310 
YP3 320 
YP3 330 
YP3 340 
YP3 350 
YP3 360 
YP3 370 
YP3 380 
YP3 390 
YP3 400 
YP3 410 
YP3 420 
YP3 430 
VP3 440 
YP3 450 
YP3 460 
YP3 470 
VP3 480 
YP3 490 
YP3 500 
YP3 510 
YP3 520 
YP3 530 
VP3 540 
YP3 550 
YP3 560 
YP3 570 
YP3 580 
YP3 590 

( 
¡I 
[ 

¡i 
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|| 
I. 
i'i: 
% 

r 

60 

80 

90 
100 

110 

120 
no 
no 
no 

169 

c 

170 

180 

190 
200 

210 

220 
230 
240 

250 

260 

U(IR» 6I»F4(1) 
U( IL,6»«r-412) 
U( IR,7Í»F5( 11 
Ul 1Li 7 )aF5(2) 
U(I.1I*Y( 14 »•UUni/IRtYt 14+11) 
U( 1,10)*0. 
Ul I,14)*0. 
MOOE»M(I) 
U» 1,3) = 8( 39)*U(1,71*(U( li H-TW) 
F(I4)=(W12-1. )»(-U(l,3))/Y(2)-W12*V(!4)*U(I,12)*A0 

F(14-1)=9. 
F(14 + 1 )=0. 
F(14 + 2 )=0. 
U( I » 4 ) = AI V( X ( I ), A ( 59 ) ) 
IF (U(1,4)-9.0091) 80,80,90 
U(1,81=9.0 
CO TO 139 
IF (Mil I )-1) lOOi100,110 
U(1,8)=DM(Y(I I ),Y(14),0(1,4),0(1,2),W12)/Y(2) 
F(I4) = F(I4)+rtl3+U(1,2) + 0( 1,8) 
F(14 + 2 ) *F(14 + 2 l + IYI11+2 I-Y(I 4+2)) + 0(1,8)/Yd 4 + 1) 
GO TO 120 
0( I,(J )=-OM( Y( I4»,YIIII,0(I,4l,0(I,l),Wi2) + A(6H/Y(2) 
F(I4) = F(I4)+Wl3*U(I ,1) + 0( I ,8) 
F( 14 +1 ) =F(14 + 1)+0(1,8) 
GO TO ( 179, 170, ! -.9, 170, 170) , MODE 
IF (M3( I !-4 ) 150,160,169 
CALI FI (0( I , 14 ) ,M3(I ) * F IM,A(3),W14<1),H14(2),W14(3)•X( I )) 
F( 14-1 )=0( I, i d 
CALL OMFQ (U(I,10),M4(I),Y(I4-1),Y(I4+2),Y(I4+1),BRR) 
0(1,101=0( 1, 10 ) /Y(2) 
F( 14-1 ) = F( 14-1)-0( MO) 
F(14 + 2 ) = ( l.+AF-YI 14+2)) + 0( 1,10)/Y( 14+1)+F( 14+2) 
F(14 + 1)=0( I, 10 ) + F(14 + 1) 
SECOND ORDER CORRECTION TO LHV 
F( 14) = F( I4)+(*d2-1.) + 0(1,1C)+(EC+(0(I,1)-A(55II*(A(56»-A(57) + (0(I 

11 )-A( 55 ) ) ) ) 

0( I,5)=AEY(X(I ),A(58)) 
IF (0(1,5)-0.00911 180,180,190 
0(1,9)=9.0 
GO TO 239 
IF (M2( Il-i) 200,209. 210 
U(I,9)=CM(Y(14),Y( IX ),0( I ,5),0( 1,1),A(62))/Y(2) 
F(14 ) = F( 14)-Wl3*0(1,1) + 0(1,9) 
GO TO 220 
0( I,9)=-DM(Y(IX),Y(14),0( I,5),0(1,15),A(62))+A(60)/Y(2) 
F( 141=F( 14)-W13+0( I,15) + 0(1,9) 
F( 14 + 2) =F( 14 + 21-0( I, 9)+( Y( I X + 2 )-Yd 4 + 2))/Yd 4+1) 
F ( 14+1 )=F( 14 + 1)-0(1,9) 
F ( 14 ) = F ( 14)/0(1,61 
CONT I NOE 
CO 230 1=1,L5 
I I = NC4 + 3*I 
IF (FL IM( I)) 269,269, 250 

W6~ 9(60 ) 
F ( 11+2 )=-FL IM( I ) •Y ( I 1+2) 
GO 10 270 
W6 = T (M( 1 I 
F(I 1+2)=0. 

YP3 600 
YP3 610 
YP3 620 
YP3 630 
YP3 640 
YP3 650 
YP3 660 
YP3 670 
YP3 680 
YP3 690 
YP3 700 
YP3 719 
YP3 720 
YP3 730 
YP3 740 
YP3 750 
YP3 760 
YP3 770 
YP3 780 
YP3 790 
YP3 800 
YP3 810 
YP3 820 
YP3 830 
YP3 840 
YP3 850 
YP3 860 
YP3 870 
YP3 880 
YP3 890 
YP3 909 
YP3 910 
YP3 920 
YP3 939 
VP3 940 

,YP3 950 
YP3 960 
YP3 970 
YP3 980 
YP3 990 
YP31000 
YP31010 
YP31020 
YP3103Q 
YP31040 
YP31059 
YP31060 
YP31070 
YP31080 
YP31090 
YP31193 
YP31110 
YP31120 
YP31130 
YP31140 
YP31150 
YP31160 
YP31170 
YP31180 

I 

1 

E 

j 

Í 
!! 

i 

! 

i 
I 
I 
! 
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270 F(11l*WB»FLIM( I ) 
280 F(11*1>*Fl IM( I) 

00 320 1-1.L22 
J1>I*L5 
|X«NC4*L5*3*3»I 
IF (FLIMIJin 300t 300.290 

290 W9-T|M(J1) 
Fl IX*2 ) *0. 
GO TO 310 

300 W9*U(57) 
FIIX*2I=FL 1M(J1)*Y(IX+21 

310 F(IXl--W9*FLIK(J 1) 
320 FIIX*l)*-FLIM|Jl) 

00 400 1=1,NC 
14=4»I 
K“K(1 ) 
K1 = M1( I I 
IMI-1NU i I 
IMe=IEX( I)*l5 
I I = NC4*3* IM I 
IX*NC4*3#L5 + 3»IEXI1 I 
K2=M2( I ) 
K3«M3< I ) 
K4=M4(I) 
F(II*1)=F(11*11-0(1,8) 
F( IX*1)=IJ( 1,9 I *F ( IX*1 ) 
GO TU (343,350), K1 

340 FC I I ) = F( I I )-U( I,2)*UM,8) 
GO TU 360 

350 FUI ) = H m-U( I, l)«UU,ö) 
r( I I*2)=F( I1*2 )*(Y(II*2)>Y(14*2))»U( 1,8) 

360 GÜ TÜ (370,380), K2 
370 F(IX ) = F(IX l*U( I, 1)*U(1,9) 

IF (FUM( IME) ) 400, 400, 390 
380 FI 1X) = F( 1X ) *U( I, 15)*iJ(I,9) 

IF I FLIM(IME) 1 390,400,400 
390 FIIX*2) = F( IX*2 )*(Y(I4+2)-Y(IX*2))«UI I,9) 
400 CONTINUE 

00 410 J=1,L5 
• II=NC4*J*3 

F(II) = Fm)*W13/VI(J) 
410 FIII*2)=F(II*2)/Y(II*l) 

00 420 J=1,L22 
J1=J *L 5 
IX=NC4*L5*3+J*3 
FI IX ) = F(IX)»W13/VI( Jl) 
FIIX*2I=F(IX* 2 ) /Y(IX+1) 

C MANIFOLD HEAT LOSS CORRECTION TO EXHAUST MANIFOLD PRESSURE 
420 FI IX) = FI m*EXMANIH(41*J),A<53J,A(54),W12,VI(Jl),TlM|Jll ,Y(2J) 

RETURN 
C 
430 FORMAT I 8HI TROUBLE 15,2X, 3E15,5) 
440 FORMAT (2013) 
450 FORMAT (L0F1J.B) 

END 

YP31190 
YP31200 
YP31210 
YP31220 
YP31230 
YP31240 
YP31250 
YP31260 
YP3127U 
YP31260 
YP31290 
YP31300 
YP31310 
YP31320 
YP31330 
YP31340 
YP31350 
YP31360 
YP31370 
YP31380 
YP31390 
YP31400 
YP31410 
YP31420 
YP31430 
YP31440 
YP31450 
YP31460 
YP31470 
YP31480 
YP31490 
YP31500 
YP31510 
YP31520 
YP31530 
VP31540 
YP31550 
YP31560 
YP31570 
YP31580 
YP31590 
YP31600 
YP31610 
YP31620 
VP31630 
YP31640 
YP31650 
VP31660 
YP31670 
YP316B0 
YP31693 
YP31700 
YP31710 
YP31720 
YP31730- 
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SUBKOUTINE CMAP (FLOC.TORC.TC.VO.XO,ETA . SPEED,TA I,PAI,PCtPLF.FACT)CPA 10 
DIMENSION X(ie.20). XAI1B.3), XBa8i3). XC(18|3). XDI18,3), XEU8.CMA ¿0 

13). XFI18.3). XG(18.2) CMA 30 
DIMENSION VIU,20). YAI18.3). YBI18.3). YCI1B.3). Y0UB,3). YEI1Q.CMA 4C 

13). Y FI 18.3 ), Y0(18.2 ) CMA 30 
DIMENSION NPCI 18), XK20), Y1I20), ZI18) CMA 60 
ECUIVALENCE (XA(1,1 ),X(1,1 ) ), IXB(1,1),X(1,4)I , (XC(L • 1),X(1,7)). CMA 70 

KXDI 1. 1),X( 1, 10) ), (XE(l,l),X(1.13))t (XFI1 ,1 ) ,X(1,16) ) , (XG(l.l).CMA 80 
2X11,19)) CMA 90 

ECUIVALENCE ( Y AI 1, 1 ), YI 1, 1 ) ), ( YB ( 1,1 ) , Y11 .4) ) . ( YC (1 .1 ) , Y ( 1 ,7 ) ) , CMA IGO 
IIYCI1,1),Y( 1,10) ), (YE(1,1),Y(1,13)) , (YF(1 ,1) , Y (1 ,16)) , (YG(1,1),CMA 110 
2Y(1,19 ) ) CMA 12ü 

CATA NPC/18*20/ CMA 13C 
CATA NC/lfi/ CMA 140 
CATA X A/1804., 2 ICO., 2585,,305C.,3761.,6C50.,7 534. ,8286. ,8950.,92 50CMA 150 

1.. 9850., 10380., 11100., 12200.,12630.,13000.,13400.,13726.,2289.,239CMA 160 
20., 3146., 344 5., 5C00., 6345.,8087.,8500.,9155.,9615.,10065.,10 750. , 1CMA 17. 
31390., 12415., 12750., 13125., 13500.,13072.,2774.,2680.,3707.,3140. ,5CMA 160 
4000.. 6640., 8640.,9000.,9360.,9880.,1C280.,11000. ,11680. ,12630.,129CMA 190 
500.. 13350..13620..14018,/ CMA 200 

CATA X8/3259., 2970., 4268.,4235.,7CCC.,6935. ,9193. ,9500. ,9565.,1014CMA 210 
15., 1049 5., 11250., 11970., 12845.,13200.,135 75. ,13860. , 14164. ,3744.,3CMA 220 
2260.. 4829., 4 630., 75CC., 7230.,9341.,1CC00.,9770. , 10410. ,10710.,1150CMA 230 
30., 12260.. 13060., 13350., 13800.,13980.,14310.,4229. ,3550.,3390.,502CMA 240 
45.. 8000..7525..9746..105,C.,9975.,1J675.,19925.,11750.,1255G.,1327CMA 251 
55., 1350C., 14CC0.,141CC., 14486./ CMA 263 

CATA XC/4714., 3340., 5951., 5<-2C. , 8500.,7820. , 10299. , 11 OCO. , 10180., 1 CM A 270 
10940., 11140., 12CC0., 12840., 13490.,138 00.,14025.,1434r.,14602.,3199CMA 23 0 
2.. 4130., 6512., 5315., 9CCC..8CC0.,10952.,115C9. ,10335. .11205.,11355.CWA 29 2 
3, 12250., 13130., 1370 5., 139 50.,142 50., 14460. ,14 74o. ,5684. ,4 420.,7073CMA 3jl 
4.. 6210..9500., 8115., 11173., 12C00., 10590.,11470.,115 70. ,1250o.,1342CMA 31ò 
50.. 13920..14100..14475..14580..14894,/ CMA 32j 

CATA XC/6169.,4710.. 7634.,6605.,1CCCC.,8410.,11405.,12500.,10795 ., CMA 331 
111735., 11783,, 12750., 13710., 14135.,14400.,14700.,14820.,15040.,665 CM A 34C 
24., 5000.« 819 6.,7COO., 10 500., 8705.,1195 0.,13000. ,11000.,12000.,1247CMA 3 5C 
33., 13000., 14 ICO., 14350., 14550.,14925.,14940.,15186.,7139.,667j.,67CMA 3ôO 
456.. 900,0., 11CC0.,9430., 12 511.,13500. ,12 000. ,12455. , 12964.,13250., 1 CM A 370 
54230.. 14365..14700..15000..15060..15332,/ CMA 380 

DATA XE/7624., 7000., 9 317., 9205., 1150 0., 11000. ,13064. , 14000.,123 00.CMA 390 
1, 12940., 13000., 13500., 1446C., 14780.,150OC..1515Ù. ,15300. .15^70.,d1 CMA 4 
209., 7560.,9 8 78., 994 0.. 12CCC., 11575. ,13243. ,14250. , 12875. , 13000.,13 CM A 410 
3455., 13750., 14690., 1499 5., 1515C., 15375.,15420.,15624. ,3594. ,3a6i'.,CMA 410 
410439., 10675., 12500.. 12CCÛ.. 13657.,1450C.,13450. ,13425.,13946.,14CCMA 43C 
50C., 14920.. 15210., 153CC., 156C0.,1554C.,15770./ CMA 440 

CATA XF/9C7S., 9340., 11CCC. , 11410.,13CC0.,12290.,14071.,14750.,1402CMA 4 50 
15., 13910., 144 37., 14 500., 15150.,15425.,15600. ,15 025. ,15780. ,15916.,CMA 460 
29564., 102 30., 11561., 12141. ,13500.,13005.,14435.,150 00.,14600., 1439CMA 47 0 
35., 1492 3,, 15CC0., 1538C., 15640.,15 750.,16 000.,15900.,16060.,10j4'>., CMA 4BC 
411120., 12122., 12880., 14000.,13720.,14899.,15250.,15OOO.,14880.,150CMA 4vC 
500., 1550C., 15610., 153 55., 15900., 1605C.,1602 0. ,16203./ CMA 500 

CATA X G/10 53 4., 12010., 12 683., 14CCC., 14500.,14436.,14922.,15509. .15 CM A 510 
117 5., 15 365., 15419., 1575C., 15640.,i6070. , 162 CO. , 16270. , 16Á60.,16354 CM A 52: 
2., 11504,, 12900., 13805., 14350., 14961.,15150.,15313.,15600.,10750.,1CMA 53- 
358 50.« 15910.,16000.,163CC..165C0. ,lo5CG.,16500. ,16500., 16500 . / C'A 54, 

CATA Y A/1.1603, 1.2177, 1.2932,1.3335,1.51 30,1.6391,1.7232 ,1.8450,1. CMA 550 
19373,2.0279,2.1172,2.2310,2.3170,2. 5232,2.6173.2.7168,2,7826,2.ù69CMA 560 
24, 1.1591, 1,2176. 1.2 377, 1.3815,1.5100,1.63 70,1.71 7 7,1.3430,1.9 346,2 CM A 5 7'. 
3.0243,2.1152,2.2300,2.3140,2.5203,2.6176,2.7133,2.7818,2.8633,1.15CMA 58j 
480, 1.2172, 1.2842, 1.3795, 1.5020,1.6344,1.7151 .1.33tí0,1.9316,2.0200, CMA 590 
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O'# 970 
CM* 980 
CM# 970 
CMIOOO 
CMAlOlú 
CMA1020 
CMA103C 
CMA1040 
CM1053 
CMA1060 
0-31970 
CFAlOiO 
CMA1090 
CMAino 
CMAlin 
CMAU20 
CMA113V 
0**1140 
OA1150 
CMAllòO 
CMA1179 
CMAilaO 

CATA MI 30/9.549296585/ 

1UROOCHARGEK COMPRESSOR MAP FOR lSV-16 
WRIfTEN ÖV LUIS FERRARESSOll/71 
REFERENCE COQPER-bESSEMER DATA 

COMPRESSOR FLOW MAP FOR COOPER - BESSEMER DIESEL LSV-16 

roïiîîÆ ctou;;ïtîînss FLüh ™R0LGH EN6,NE as a f^ctic^ 

FLOC « MASS FLOW CALCULATED IN LAS./SEC. 
TCKC * TURüije CALCUL AI £0 IN LBM/SEC 

COMPRESSOR OISCHARGE TEMPERATURE CALCULATED IK npr u 
COMPRESSOR PRESSURE RATIO CALCULATED * 
CORRECTED MASS CALCULATED IN CFM 

TC 
YO 
XO 

SPEED - CONSTANT SPEED INPUT IN RAD./SEC. 

TAI « AMBIENT IEMPERA TURF AI COMPRESSOR INLET INPUT, DEG. R 
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C PA 1 * AMBIENT PRESSURE AT COMPRESSOR INLET INPUT, FSIA 
C PC * COMPRESSOR DISCHARGE PRESSURE INPUT, PSI A 
C 
C CALCULATE PRESSURE RATIO 
C CORRECT TEMPERATURE BY SAO.O DEC«R 
C ADJUST SPEED TO RPM 
C 

IT *0 
YO» PC/PAI 
S=YU»»0.206-1. 
T1»T AI/SAC . C 
ST1»SQRT(T 1 I 
20=SPEEC*PI30/ST1 

C 
C IF PRESSURE RATIU IS LESS THAN 1.0, SET PRESSURE RATIO » 1.0 
C 

IF (YO-l.) 10,20,20 
10 WHITE ( ML P,350) YO./O 

Y0= 1.0 
S=0.0 

C 
C 2( N11) MUST BE GREATER THAN Z(N) 
C YI I,J ) MUST BE GREATER THAN YII.J+l) 
C FIND ACJACENI 2 CURVES 
C IF SPEED IS LESS THAN 6C00 RPM, SET SPEED = òCOO KPP 
C 
20 IF 120-/(1)) 30,AO,AO 
JO WRITE ( ML P,3601 20 

/: = 2(1 ) 
CU 1C 60 

C 
C IF SPEED IS GREATER THAN lölOO RPM, SET SPEED = liilOC RPM 
C 
AO IF (20-2(NC)) 60,60,SC 
50 WRITE ( MLP, 370 ) 20 

20=2(NC) 
60 CL 70 I = 1, NC 

IF (21 1 )-20) 70, 90, 80 
70 CONTINUE 

GO TO 250 
80 1/1=1 

122=1-1 
GC TO 150 

C 
C II 2 EQUALS UNE OF THE INPUT CURVES, FIND ADJACENT Y=S ANC 
C INTERPULATE BETWEEN THEM FÜR X 
C 
90 K=NPC(1) 

CO IOC J = 1,K 
C 
C TFST IF IN SURGE REGION 
C 

IF ( Y ( I,J )-YO ) 120,11C,ICC 
100 CCNIINUE 

DY»320C.0-0.A*20-9öCC0.0/20 
XO = X(|,K)-(Y( 1,K)-YCI*()Y 
GO TU 250 

110 XO=X(I,J) 
GO TO 250 

Î 
CMA1190 I 
CMA12j0 I 
CMA1210 I 
CMA1220 I 
CMA1230 I 
CMA12A0 i 
CMA1250 I 
CMA1260 j 
CMA1270 J 
CMAIZoO I 
CMA1299 
CMAU'jO 
CM A1310 
CMA132. 
CMA133J 
CMA13A0 
CMA135J 
CMA1360 
CMA13 7) 

CM A137i 
CMA13BJ 
CMA1 39 0 f 
CM A 1A0 0 
CMA1A10 
CMAU2 1 
C M A 1A 3 3 
C M A 1A A 0 
C M A1A 5 3 
CM A 1Aó j 
CM A1A7. 
C M A 1A d J 
C M A1A 9 3 
CM A15 5 J 
CMA15i: 
CMA1520 
CM-.AISSÜ 
C M A1 5 A 0 
C M A 15 5 3 î 
CMA1563 ! 
C M A15 7 3 
C M A 1 5 B j 
CMA 1 590 
CMA16C: 
C M A16 1 3 
CM A 1620 
CMA1630 
CM.A16AÜ 
CMA 166 C 
CM A1660 
CMA1670 
C M A 16 d 
CM A 1690 
CMA17Û0 
C M A17 13 ; 
CMA 172 0 
CMA173C 
CMA17A0 
CMAi760 
CMA1760 



120 

130 

140 

ISO 

160 
C 
C 
C 
170 

C 
C 
C 

160 

190 

200 

210 

220 
230 

240 

C 
c 
c 
250 
260 

C 
C 
C 
C 
C 
C 
2 70 
2d0 

C 
290 

IV i*J 
1Y2*J-1 
IF I IY2 ) 140, 130. 140 
11*130 
GU 10 250 

0*31770 
CM1780 
CM41790 
0*31800 
CK31B10 

^X0*X( I, IY2I«((Y( I, IY2)-Y0)/CYCl,IY21-Y(I,IYl)l)*(X(l,IYll-X(l,lV2)cí'A18i0 

GC TO 250 CM31830 

K-NPCMZi) ríííÍÃÍn 
IF (K-NPCIIZ2I) 170.170,160 fMAiPAn 
K*NPC( IZ2 ) 

CP31870 

FIND Tl-E INDICES OF THE FOUR INTERPOLATING POINTS. 0*31890 

CO 180 K1 * 1,K CMA1900 
KÜUG*K1 CP3191j 

YKK1 )*(ZO-Z I IZ2H/I Z ( IZ 11-ZII Z2) )• I Y( I Z1 tKl ) - YII Z2 ,K11 I AY 11 Z2 ,K1 )CmÁi93Õ 

IESI IF IN SURGE REGION ^31950 

IF (YIIKD-YOI 200, 190,180 rMÎÎui? 
CONTINUE 0*31970 
KUKOUG CP31960 
IT*250 CM31990 

i-xnzi”in ,+,,Yl,Kl,”vnz2,Kln/,Y(lzl,K1,_v,U2,Knn,u,ia'Kl»c««Sio 
INC1*k1 CM32023 
INC2=K1-1 CP32030 
IF (IND2I 220,210,220 
IT*130 CM3205 ^ 
GO TU 250 CPA2960 
CO 230 M*INC2,INDI CP32070 

uz12!1Mn,,72,M,+“Vl,M,'Y,IZ2,Mn/,vnzi’M,-v,,Z2’Mn“x,,“‘,'»-x«c™S? 

^XO*X1( INOZ)*!IY0-Y1I INO2)J/C Y1(IN01I-Y1(IND2I) I*(XIII3C1I-XI(INC2)CP3211¿ 

IF (IT-250) 250,240,250 ViMWl 
CY*3200.0-G,35*ZC-96CC0.C/ZC rJ.WYr 
XO*XO-lY1IK )-YO)«DY CM32163 

IF IN SURGE REGION, SET CORRECTED MASS « 0.0 0*32170 

IF (IT-130) 270,260,270 
X0*0.0 0*32190 
MR I)E IMLP, 380) CP3220C 

CM322n 

IF CORRECTED MASS EXCEEDS 165C0 CFM.SET CORRECTED PASS « 16500 

isuf^Mr;r^^^20r^,îuMpuAT,cN üf "ass Fuh 
CP32200 

DIVIDE MASS FLOW ÜY 2.0 SINCE TWO INTAKE MANIFClOS CP32260 
IF (XO-16500 I 290.290,260 
WRITE (MLP,390) XO.ZC 
XO*16503• 

XO*XO«FACT 
FLOW=XO.PAI»SORri54C.C/TAII/1 84 2.8*14.243*ST1) 
FLOC*FLOW/2.0 

CM A 2 2 7 0 
0*32260 
CP3229D 
CPA2303 
CPA231v) 
CPA232J 
CP32330 
CMA2340 
CMA2350 
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295 
C 
c 
c 
c 
c 
c 

296 
330 

3i0 
320 

330 
340 

C 
C 
c 
c 
350 

360 

3/0 

3«0 
390 

400 

410 

PRINT MASS FLOW FOR PRESSURE RATIO OF 1.0 
IF(VO-1.0)295.295t 296 
WKITEIMLP,410)X0 

CALCULATE EFFICIENCY FROM SPEED AND PRESSURE RA1IC 
IF SPEED GREATER THAN 14000 RPM, CALCULATE EFFICIENCY FOR SPEED 
OF 14000 kPM 
CALCULATE TORQUE AND COMPRESSOR DISCHARGE TEMPERATURE 

IFIZO-ZI11))310.310(300 
WRITE ( ML P• 400 t ZO 
AN=ZI 11 ) 
GO TO 320 
AN=Z0 
CALL POLYE IANiY0» MLP» ETA I 
TSUR=103.0»(Y0-1 ) 
TORC-18a.2*FLOC*TAI*S/(ETA*SPEED) 
IF I IT-130) 340, 330, 340 
TORC*TSUR 
TMIN=1.0E-C7*ZC«Z0 
TORC*AMAX11TORC,TMIN ) 
TC*TAI*I1*S/ETAI 
RETURN 

DIAGNOSTIC MESSAGES 

1.0 IN 
RPP — 

CPAP) 
60CÙ DATA 

1ccnMcy«,,l0X,20"CALCULATED PRESSURE RATIO OF ,F 1 0.4,16H FCR INPUT S 
1EED, F 10.0,46H bELOW l.C — SET PRESSURE RATIO = 

FORMAT (10X,UHINPUT SPEED,F1C.0,4lH UELUN 6C00 
IS ED IN CM AP ) 

FORMAT ( 10X,11HINPUT SPEEO,F10.0,43H ABOVE 10100 RPM — 10100 CAT 
1 USED IN CMAP) 

FORMAT I1GX,49HDATA IN SURGE — SET CORRECTED MASS = 0.0 IN CMAP) 

17HC0RRECIED MASS (,P*P10.2,19H FOR INPUT SPEED OF,FIO 
10.48H EXCEEDS 16500 CFM — SET CORRECTED MASS = 16500) 

FORMAT I1CX,11HINPUT SPEED,F 1C.0,63H ABOVE 14C00 RPM — 14000 RPM 
1CAT A USED TO CALCULATE EFFICIENCY) 

FORMAT! 10X, 25HCORRECTED MASS FLUMCFM) * ,F 1 C. 2 I 
END 

CMA2351 
CMA2352 
CMA2353 
CMA2364 
CKA2363 
CMA2370 
CMA230O 
CMA2390 
CMA2400 
CMA2410 
CMA2420 
CMA243J 
CMA2440 
CMA2450 
CMA2460 
CMA2470 
CMA24B0 
CMA2490 
CMA2509 
CMA2510 
CMA252D 
CMA25Aj 
CMA254C 
CMA2550 
CMA2560 
CMA257C 
CMA25dj 

PCMA2590 
CMA26j V 

UCMA26I: 
CMA2620 

ACMA2630 
CMA264D 
CMA265: 

.CMA2660 
CMA2670 
CMA26D0 
CMA269: 
CMA2691 
CMA2700- 
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FUNCTIUN OP IC IAIRM) 

INTERCOOLER PRESSURE DROP FOR LSV-16 
WRITTEN BV BRUCE ALLEN 11/71 

REFERENCE EXPERIMENTAL DATA FROM JUNE 23,1971 TESTS 

OPI 10 
OPI 20 
OPI 30 

END 

OPI 40 
OPI SO 
OPI 60 
OPI 70 
OPI 80 
OPI 90 
OPI 100- 
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ft ■ 

c 
c 
c 
c 
c 
c 
c 
c 
c 

10 

20 

40 
50 
60 

70 
80 
90 

100 

110 

120 

130 

140 

150 

SUBROUTINE INP4 IN4 
CIMt-NS ION H6I IN4 
COMMON 1CMI201,0(901 IN4 
COMMON DMA INI 300 I, OSUB1 ( 2001,0 SUB2 ( 2C0) ,0 5111)3 11693 I IN4 
COMMON X,YI5I,H5),0(5I,A(5),IM59I,T|TLE(2C) , ME AO (201 , L 110 » , MCR, ML IN4 

1P,L14, IA1I 3), tA2l7),ICI 19),10119),IE(191 IN4 
COMMON DSUU5(200 I 1N4 

1C CONTAINS VARIABLE NAMES TCI BE PRINTED IN4 
10 CONTAINS LOWLK INDEX OF VARIABLE TO BE PRINTED IN4 
IE CONTAINS UPPER INDEX OF VARIABLE TO BE PRINTED 1N4 
TIÎT WILL BE PRINTED AT THE TOP OF EACH PAGE CF CUTPUT 1N4 
HEU WILL BE PRINTED AI THE TOP OF THE 11 COLUMNS UF THE TAPE PRINT IN4 

LI 14) CONTAINS THE NUMBER OF PRINT INSTRUCTIONS IN4 
L(10 ) CONTAINS THE NUMBER OF CALLS TO PRINT IN4 
L(2) CONTAINS PR IN IING FREQUENCY FOR PAR 14 ONLY IN4 

IN4 
MCR»5 IN4 
ML P*6 IN4 
IA1(1)31HI 1N4 
IA1(2 » = IMP IN4 
1 A1(3) * IHR 1N4 
I A2( 1)B1HA IN4 
IA2(2)E1HB IN4 
I A2( 3) = IMF IN4 
I A2(4)s1HL IN4 
I A2 ( 5 I «1HX IN4 
I A2(6 I = 1 MY IN4 
DO 10 1=1,10 IN4 
L( I ) =0 . IN4 
M=0 IN4 
REAO (MCR,130) T ITLE 1N4 
WRITE ( ML P,190) TITLE IN4 
READ (MCR, 180) HEAD IN4 
READ (MCR, 200) 1 1 1, 1 1 2, 1 1, 1 2,7 ! N4 
WRITE ( ML P,210 I I I 1,I I 2,I 1,I 2,2 1N4 
KKY = 1 IN4 
CO 40 1=1,3' IN4 
IF ( I I 1-IAKI) ) 40, 50,40 IN4 
CONTINUE 1N4 
GO TO (‘>0, 150, 160, 1701, I IN4 
DO 70 1=1,6 IN4 
IF ( II2-IA2I I )) 70, 80, 70 IN4 
CONTINUE IN4 
GO TO (90,100,110,120,130,140,170), I IN4 
CALL STORE ( 11, I 2,2, A,5,KKY) IN4 
GO TO (22,170), KKY IN4 
CALL STORE ( I 1. I 2, 2 , ¡I, 59, KK Y ) 1N4 
GO TO (20,170), KKY IN4 
CALL STORE ( 11, I 2,2, F ,5,KKY I IN4 
GO TO I 20, 170). KKY IN4 
CALI S TOR I (11,12,2,1,10,KKY) IN4 
GO TO (2U,170), KKY IN4 
CALL STORE ( Il, I ?,2 - X,l,KKY ) IN4 
GO TO (20,170), KK- IN4 
CALL STORE I 11,I 2,2 ? Y,5,KKYI IN4 
GO TO I 20, 1701, KKY IN4 
M=M♦1 IN4 
IC(M )= 112 IN4 
I ClM ) = 11 IN4 

10 
20 
30 
40 
50 
60 
70 
80 
90 

100 
110 
120 
130 
140 
150 
160 
170 
180 
190 
200 
210 
220 
230 
240 
250 
260 
270 
280 
290 
300 
310 
32b 
330 
340 
350 
360 
370 
380 
390 
400 
410 
420 
430 
440 
450 
460 
470 
4B0 
490 
500 
510 
520 
530 
540 
550 
560 
570 
580 
590 
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160 

170 

C 
180 
190 
200 
210 
220 

1E(HI-|2 
GO TO 20 
L 14*H 
RETURN 
WRITE (MLR,220) 
CAUL EXIT 

ll'li 112,11,12 

FORMAT 
FORMAT 
FORMAT 
FORMAT 
FORMAT 
END 

I20A4) 
J1HI,20X,22HINPUT DATA FOR SUBA - ,/,20X,20A4) 
IA1,1X,A1,2|3,IX,6F10.5) 
(/,IX,Al, IX,Al,213,ix,6E12.A) 
(17H1BAD DATA - CARO ,A1,BH VECTOR ,A1,2I3) 

INA 600 
1NA 610 
INA 620 
INA 630 
INA 6A0 
INA 650 
INA 660 
INA 670 
INA 660 
INA 690 
INA 700 
INA 710 
INA 720- 



I 

¡ 
I 
i 

c 
c 
c 
c 
c 
c 
c 
c 

c 
c 
c 

13 

c 
c 
c 
23 

c 
c 
c 

c 
c 
c 
33 
c 
c 
c 
43 

50 

C 

60 
70 

PCL 
POL 
PCL 
PCL 
PCL 
PCL 
PCL 
PCL 
PCL 

SUBROUT INC POLYE (ANiPl.MLP.ETA ) 

TURUOCHARGER COMPRESSOR EFFICIENCY FOR LSY-16 
WRITTEN BY STEPHEN PERRY 11/71 
REFERENCE COÛPER-BESSEMER DATA 

PROGRAM TO CHECK OUT TURBO-CHARGER MAPS 

I* LL 
DIMENSION A2I9), Al(9)f A0I9», XMI9), YMI9I, XI (B) , XSI9I, SLI9), PCL 

1EI2I ptL 
DIMENSION AM 1(7)• ANAI7I, AM2(8) • ANBIB) pQL 
DATA A2/-25.56C6i-17.t6t6»-9.4661i-5.1979«-3.1695 »-1.9035 »-1.1994« PCL 

1-.7963,-.6944/ pUL 
DATA Al/61.7137, 43.7425, 25.3673,14. 7776,9.7283,6.4160 ,4.4977,3.306 POL 

15,2.944d/ pCL 

CAT A AO/-35.7747,-26.2047,-15. 7272,-9.6514,-6.6152 ,-4.5461 ,-3.3291 PCL 
1,~2.5406,-2.3149/ PQ^ 

DATA AMI/16.6667, 14.2857,4»1C.0,7.1429/ pol 
DATA ANA/-12.9999,-lC.1428,4*-4.7..C713/ PCL 
DATA AM2/16.6667, 12.5,IC.0,9,3458,9. 7087,9.5238 ,8.5470,5.3191/ PCL 

?«IÍ,ANÖ/"13*1667,”Ö• 1250,‘4*90,~3, 9907 ^^^3 39,-4. ¿301 ,-2.5726,3. POL 
POL 
PCL 
POL 
POL 
POL 
PCL 
PCL 
POL 
FCL 
POL 
POL 
POL 
POL 
FCL 
POL 
POL 
PCL 
FCL 
POL 
FCL 
POL 
POL 
POL 
POL 

13086/ 

CATA XM/1.14,1.2,1.27,1.37,1.47,1.57,1.67,1.81,2.01/ 
CATA YM/8».84,,8/ 
CATA XI/1.15,1.,21,1.29, 1.39,1.497,1.6,1.705,1.822/ 
CATA XS/1.18, 1.2 3, 1.297, 1.39, 1.497,1.6,l.7C5,1.«22,2.01/ 
CATA SL/2*.78,.79, 6*.8/ 

CHECK INPUT SPEED WITH RANGE OF DATA 

IF I (AN-6CCC.0)•(14CCC.C-AN)I 10,2C,20 
WRITE I ML P, 350) AN 
GO TO 340 

FIND LOWER SPEED LINE 

IG*0 
N*AN/10C0.0-5.0 

CALCULATE LOWER AND UPPER SPEED LINE EFFICIENCIES 

CO 270 1=1,2 
IF IN-10) 30,300,300 

ZONE 1 

10 
¿0 
33 
40 

50 
63 
70 
80 
93 

13; 
11 j 
12 j 
130 
14j 
13 J 
163 
173 
18J 
193 
20 3 
213 
223 
233 
24 3 
253 
26 3 
27J 
283 
2 V j 
33 3 
333 
323 
333 
34 3 
350 
363 
370 
330 
390 
430 
413 
42 3 
433 
440 
45 3 
463 

IF (Pl-XMIN)) 40,260,90 

CALCULATE EFFICIENCY BY LEAST SOLARES 

EI I ) = A2IN )*P1**2+A1I N)»P1+AOIN) 
IF I El I )-0.101 5Q,eo,6C 
El I )=0.10 
N1*IN*5)»1000 
WRITE I ML P, 360) N1,AN,P1 
GC U 80 
IF I El I )-0.84) 80, 80, 70 
El I )=0.84 

PCL 470 
PüL 483 
PCL 493 

AND VALIDATE PCL 533 
PCL 5 1 j 
PCL 50 
PUL 532 
PCL 540 
POL 553 
POL 563 
PCL 5/3 
PCL 563 
PUL 593 
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NI»(N*5 )•lOCO 
NRIIE (MLP,3701 NI,AN,PI 

S3 IF I IG) 270,270, 280 
93 IF IN-8) 100,200,310 
C 
C ZONE 2 
C 
130 AN1»( AM 11N ) *P1*ANAIN))•1000« 0 

IF (Pl-XKNI) 110,110,130 
110 IF (AN1-AN ) 250, 320, 120 
120 EI2I-.BA 

E( ll»SUNI-( (XI(N)-P1|*(SL(N)-YM(N) ) /(XI (N)-XP(M ) ) 
GO TO 290 

C 
C ZONE 3 
C 
130 AN2*IAM2IN ) »P1+ANB(N)1^1000.0 

IF (Pl-XMIN♦1)) 140,1A0,170 
140 IF ( AN-AN2) 310,310,150 
150 IF (AN-AN1I 160,320,250 
160 ET A*,84-( ANl-AN)• ( .84-SL(N))/(AN1-AN2) 

GO TO 330 
C 
C ZONE 4 
C 
170 IF (Pl-XMN + l)) 180,310,310 
180 IF ( AN-AN2) 310,3),.0,190 
190 AN IsAN2 

fc(l)=SLIN) r 
N * N ♦ 1 
E(2)»SUN)-( (XI(N)-Pl )•( SL (NI-VMIN)) /(XI (N)-XF(Nm 
GO TO 280 

C 
C ZONE 5 
C 
200 IF (Pl-XIINI) 210,240,220 
210 E( I l=SL(N)-( (X I(N)-P1 )*I SKN1-YMIN) ) / ( At (N)-XP(N) ) ) 

GO 10 270 
220 AN1=(AM2(N)*PI+ANB(N))«1CCC.C 

IF ( AN-AN 1) 310,310,230 
C 
C EFFICIENCIES 
C 
230 I G*1 
240 E ( I) = SL( N ) 

GO TO 270 
250 EIII».84 

I G» 1 
GO TO 270 

260 E( I )=YM(N I 
270 N=N»1 
C 
C FINAL EFFICIENCIES 
C 

ETA=CI2)-( FLOAT! (N*4)*1CC0)-AN)*(EI2)-E (1))»0.001 
GO TO 330 

2BO AN2*FLOAT!(N+5)»10CC) 
ETA=E(2)-(AN2-AN)»(fc(2)-E(1))/(AN2-AN1) 
GO TO 330 

POL 600 I 
PCL 610 1 
POL 620 
POL 630 
POL 640 
PCL 650 
POL 660 
POL 670 
POL 680 I 
PCL 690 I 
POL 700 I 
POL 710 ! 
PLL 720 I 
PCL 733 I 
POL 740 
POL 750 
POL 760 i 
POL 770 
POL 780 I 
POL 790 
POL 830 
PCL 810 i 
PCL 820 
PCL 833 
PCL 840 
POL 650 
POL 3o3 
POL 870 
POL 883 
POL 890 
POL 900 f 
PCL 910 
PCL 920 I 
POL 933 
PCL 94 3 ■. 
POL 950 
POL 963 ! 
POL 973 
POL 980 I 
POL 993 
POL 1000 
POL 10 13 
PCL 1020 ! 
PCL 1030 
PCL 1043 I 
PCLIOrO 
PCL 1063 ! 
POL 1070 
POL 1080 \ 
POL 1090 f 
PCL 1103 » 
POL 1110 
PCL 1120 
PCL 1133 
PCL 1140 
POL 1153 
PCL 1163 
POL 1170 
POL 1163 
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290 

C 
c 
c 
330 

310 

320 
3)0 
340 

C 
C 
C 
c 
330 

360 

370 

POL 1190 
PÜL1203 
PCL1210 
POL1220 
POL 1230 
PCL 1243 
PCL12V3 
P0L126j 
POL1273 
PCL12U0 
P0L129j 
POL 1303 
POL 1310 
PCL1320 
PGL133Û 
POL 1340 
PCL1350 

FOKMAT «1H1, 10X, HHINPUr SPEED .E1C.4,32H EXCEEDS L1PITS CF CATAPCL136J 
1 IN PULYE) PCL1373 

FORMAT ( 1CX« 60HLEAST SOLARES CALCLLATI ON IA PCLYF YIELDS EFF IC IENCPÜL135 3 
1Y LESS THAN C.l AT SPEED LHE . I 7,2X,15HFCR INPUT SPECC,3X,E1Ú.4/11 PCL 1390 
20X126HAND INPUT PRESSURE RATIO ,£10.4.341) 0.1 EFFICIENCY HAS i)EEPDL14C3 
3N ASSIGNED) POL 1419 

FORMAT (10X, U 3HL EAST SQUARES CALCULATION IN PULYE YIELDS EFF ICIENCPCL1420 
1Y GREATER THAN .84 AT SPEED LI NE ,l7,2X,15HFOR INPUT SPEED,3X.E17.4PCL1433 
2/.10X,26HAND INPUT PRESSURE RATIO ,E10.4,34H .84 EFPICIENCY HAS PCL144J 
3BEE.N ASSIGNED) PCL14S; 

END PCL 146?- 

ETA-EI 21-1 AN1-AN)»CEI2)-EI1))/IAN1-FLOATMN»5)«1000) ) 
GO TO 330 

USE 14000 RPM SPEED LINE EFFICIENCY 

ET A*EI1) 
GO TO 330 
ETA-SUN) 
GO TU 330 
ETA-.D4 
RETURN 
CALL PRT4 
CALL EXIT 

DIAGNOSTIC FORMATS 
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SUBROUTINE PRM 
COMMON ICM(20).G(90) 
COMMON CMAINI 300 I,DSUBI{2CC1,0SUB2I2C0»,0SUfi3 11693) 
COMMON X»Y( 5)»F( S)«Q( I' ) • A< ã) |0 ( 59) • TI TIE 120) tHE AD (20) • U10 ) t 

IMCR.MLP.LIA, I AH 3), IA21 7), 1C (19),10 119) , IE 119) 
COMMUN csues(200l 
1F(L(10))111,1,111 

111 IFILt 10 )-1.( 2))2,1,1 
1 L110 1*0 

WH ITE(MLP,2C0 )T ITLE 
2 L(10)*U 10)41 

CO 13 1*1,114 
I1«1C(I ) 
12*IE(I ) 
CO 3 J-1,6 
IF( ICI I )- IA2( J ) I 3, 5, 3 

3 CONTINUE 
WRITE!MLP, 201) !C(I) 
CALL EXIT 

4 11*14«! 
1 F(11-12) 5,5,13 

5 I4*M INOI11*9,12) 
GO TO (6,7,8,9,10,11,12), J 

6 WRITE!MLP, 202) ICI I ), 11, 14,( A ;K), K*11,(4) 
GO TO 4 

7 WRITe(MLP,2C2)IC« I ),11,14,(B(K),K = I1,(4) 
GO 10 4 

8 WRITE!MLP,2C2) IC(1),11,14,(FIX),K=11,14) 
GO TO 4 

9 WRITE»MLP,2C3) IC(I), 11, I 4,(L( K ),K = 11,14) 
GO TO 4 

10 WRITE«MLP,204)X 
GO TO 13 

11 WRITE!MLP,202) ! C( I ), 11, 14,( Y ( K I, K * 11 , I 4 ) 
GO TO 4 

12 WRITE!MLP,202 ) IC( I I, 11,14,(G(K),K*I1,14) 
GO TO 4 

13 CONTINUE 
RETURN 

200 FORMAT!///,25X,20A4) 
201 FORMAI!34H1BAO PRINÍ INSTRUCTION - VARIABLE ,AH 
202 FORMAT!/,1X.A1,1H(,I2,1H-,I2,1H),1CE11.3) 
203 FORMA!(/,IX,Al,1H(, 12,IH-,|2,lH),1X,9(I5,6X) ,15) 
204 FORMAT!IX,1FX,10X.F12.6) 

ENC 

PR400001 
PR400Ô02 
PR400003 
PH400004 
PR4G0035 
PR4000:6 
PR400037 
PR400098 
PR400009 
PR400010 
PR400011 
PR4000I2 
PR400013 
PR400014 
PR400015 
PR400016 
PR400017 
PR400019 
PR400019 
FR400020 
PR400021 
PR400022 
PR400023 
PR400024 
PR400025 
PRAC'OO'u 
PR4C0CZ7 
FRAOOOifi 
PR4000 ¿9 
PR400030 
PR4000 31 
PR400032 
PR400C30 
PK4000 ? 4 
PR4000J5 
PR400JJ6 
PR400j 37 
PR400033 
PR400329 
PR403J40 
PR400041 
PR400042 
PR400043 
Pft4C0u44 
PR400J45 
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SUBROUTINE RNGA (Hl.Nll 
COMMON ICM(20).0(901 
COMMON DM A IN(300 S.OSUB1(200),0SUB2(200),DSUB3(1693) 
COMMON X,V(sj,F(5),0(5),A(5).8(59),T|ILE(20).HEAD(20) 
IP,LIA,IAK 3), IA2(7).ICI19)t10(19).IE(19) 
COMMUN 0SUb5(200) 

10 H>H1 
HH*.5«H 
N*N1 
DO 20 I-l.N 

20 0U)*0.0 
CALL YPRA 
00 30 I«1,N 
S = F( I )*H 
T*.5«(S-2.*Q( I ) ) 
VI I)BY(Il+T 

30 Q( I )*Q(I)+3.*T-»5*S 
X«X+HH 
CALL YPRA 
DO AO 1*1,N 
S=F(I)*H 
T = .29289322*(S-0m) 
Y( I)=Y(I )*T 

AO 0( I) = U(I)«3.*T-.292d9322*S 
CALL YPRA 
DO 50 1=1,N 
S* F(1)#H 
T=1.7071067*(S-0(I)I 
Y(I)=Y(|)+T 

50 ü(I ) = 0(l) + 3.*T-1.7071C6«S 
X*X+HH 
CALL YPRA 
DO 60 1*1,N 
S*F( I )»H 
T = (S-2.»0(I »)/6. 
Y( I ) =Y( I MT 

60 0(I 1=0( I ) + 3.«T-.5*S 
RETURN 
END 

RNA 10 
RNA 20 
RNA 30 

tL(10)«MCR.MLRNA AO 
RNA 50 
RNA 60 
RNA 70 
RNA 80 
RNA 90 
RNA 100 
RNA 110 
RNA 120 
RNA 130 
RNA 1A0 
RNA 150 
RNA 160 
RNA 170 
RNA 180 
RNA 190 
RNA 200 
RNA 210 
RNA 220 
RNA 230 
RNA 2A0 
RNA 250 
RNA 260 
RNA 270 
RNA 280 
RNA 290 
RNA 300 
RNA 310 
RNA 320 
RNA 330 
RNA 3A0 
RNA 350 
RNA 360 
RNA 370 
RNA 380 
RNA 390- 
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C 
C 
C 
C 

10 
20 
30 
C 
c 
c 
40 

50 

60 
70 

C 
C 
80 

90 

100 
C 
C 
110 

120 

130 

SUBROUTINE SUB4 

mScV“"* ,S * MNE“L "““t'« F0» CALCULATING 

COMMON ICM(20)t G(90) 

COMMUN Xt'y Í 51 I ^0(^5 ) fs ! *0 f^of *0500311693» 

^ís;‘5!¿^¡ ,2“' 

oîuîsu^'1”- a»-'°"'2" 
IF (Clin 00,80, 10 

¡í !nc11íõ.'2ó.,;í,'[’-5" 

SfT COnPREssü« ANO TURBINE DATA FROH 0 ABRA* 

N= 1 
0ELP*0PICIG(58) ) 
00 50 J » I, L 7 
Jla3»J *53 
J3=4»J+7 
01J3) = G(J11tOELP 
00 60 Jal,L 8 
J5= l»L7 + 3«J+88 
J7 = 4*L7*5»J *6 
HIJ7)aü(J5) 
HIJ 7 + 2 I=G(J 5 + 2) 
CALL RNG4 14(1),1.11)) 
GO TO 20 

SFT INITIAL VALUES 
CELPaDPICIG(58)) 
00 90 J = 1,L 7 
J1 = 3»J + 58 
J 3 = 4»J +7 
B(J 3) = G(J1 ) +0LLP 
00 loo j a i, L a 
J5a3»i. 7 + 3 + J + 58 
J7=4«t 7 + 5+J+6 
BIJ 7)aG(J 5) 
B( J 7+2)=G(J 5+2 ) 

return calculated inlet and exhaust manifold data to 

SU4 
SU4 

TURBOCHARGER SU4 
SU4 
SU4 
SU4 
SU4 

•LI10I,MCR,MLSU4 
SU4 

CO 120 J a I,L 7 
J2=3«J+59 
J4 = 4»J +8 
GlJ2)=blJA) 
00 133 Ja 1,L8 
J6 = 3»L 7 + 3*J + 59 
J8 = A»L 7 + 5»J + 7 
GlJ6 ) = H(J8) 
G(20 ) = PI30»Y( 1 ) 
GI 59)=7(1) 
G( 5 8 ) a {) ( 3) 
G( 55 ) a (i ( 4 I 
G(56)=6(5) 
0(57)=8(6) 
G (23) = B(6)-460. ( 
G(60)=TIC(6(3)) 
RETURN 
END 

G ARRAY 

10 
20 
30 
40 
50 
60 
70 
80 
90 

SU4 100 
SU4 110 
SU4 120 
SU4 130 
SU4 140 
SU4 150 
SU4 160 
SU4 170 
SU4 180 
SU4 190 
SU4 200 
SU4 210 
SU4 220 
SU4 230 
SU4 240 
SU4 250 
SU4 260 
SU4 270 
SU4 280 
SU4 293 
SU4 300 
SU4 310 
SU4 320 
SU4 330 
SU4 340 
SU4 350 
SU4 360 
SU4 370 
SU4 380 
SU4 390 
SU4 400 
SU4 410 
SU4 420 
SU4 430 
SU4 440 
SU4 450 
SU4 460 
SU4 470 
SU4 480 
SU4 490 
SU4 500 
SU4 510 
SU4 520 
SU4 530 
SU4 540 
SU4 550 
SU4 560 
SU4 570 
SU4 580 
SU4 590 
SU4 600 
SU4 610 
SU4 620 
SU4 630 
SU4 640- 

222 



in—iimt 

FUNCTION TIC (AIRHI 
c 
C INTERCOOLER TEMPERATURE FOR LSV-16 
C WRITTEN HY BRUCE ALLEN U/71 
C REFERENCE EXPERIMENTAL DATA FROM JUNE 23,1971 TESTS 

C INTERCOOLER TEMPERATURE FROM CURVEFIT TEST DATA 
T ICs560,28 +A IRM*(,39692+.0BC74449*AIRM) 
RETURN 
END 

TIC 10 
TIC 20 
TIC 30 
TIC 40 
TIC 50 
TIC 60 
TIC 70 
TIC 60 
TIC 90 
TIC 100- 
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c 
c 
c 
c 
c 
c 
c 
c 
c 

10 

20 

30 

40 

50 

69 

70 

B0 

90 

100 
C 
1!0 

120 
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SUBROUTINE THAP <FLOW,TORO,TEXM,SPEED.Tl,PI,P3,«LptFF, 

turbocharger turbine for lsv-ia 
WRITTEN BY JAMES COGGINS 11/71 
REFERENCE COOPER-UESSEMER DATA 

diese!;AeT5gSineU!6,NE performance paR-feters FOR THE 

N=0 
RATIO=P 3/Pl 
IF (RAI 10-0.999) 29,10, 10 
FLUW=0.0 
TORC=0.0 
TEXH=T1 
CO TO 100 
U*0.627«SPEE0 
STl«SORTITl) 
PSTlaPl/STl 
R*RATI0»«0.2656-1.0 
ET A=0.76» FF 
GO TO S3 
ET AO=ET A 
PH I =U/1/2 
PARA*SQRT( 1.5706-PH I* ( 1.8608-PHM ) 
CüR=PH!»|0.1313*PH1-0.1601 
ÎtÂ = îr '*93:'4"PH,*0,8526*PARA, + COR cl A * cIA*FF 
N=,N*1 
IF I N-100 I 40,90,90 
T ES T * ( E T A-E T AO)•100.0/ETA0 
IF IABSI1 EST 1-0.5) 60,60,50 
P21 = (0.715d»ETA«R+l)**3.7i,2 
IF IP21-0.534) 60,70,70 
FL*5.04«PST 1 
V2*44.f9»ST I 
GO TO 30 
R21=1.0-P21*»0.2659 
FL*20.39»PST1«S0RT(R21»P21»»1.467) 
Vi-4.20«FL.Tl/Pl ' 
V22«V1««2*12270.C»T1»R21 
V2*S0RT(Y22 ) 
GO TO 30 
R»-R 
FLOw«FL 

TOR0*200.7«FL*Tl»ETA«R/SPEED 
T EXh*T1*(1-ETA*RI 
GO TO ICO 
WRITE (MLP, HQ) 

RETURN * P* 128 * N,FLOW, TORO, TEXH,SPEED,Tl,PltP3,ErA,pH1,patV2fVl 

T MA 
TMA 
T MA 
TMA 
TMA 
TMA 
TMA 
TMA 
TMA 
TMA 

10 
20 
30 
40 
50 
60 
70 
80 
90 

100 

RETURN 

■îEUr:;’ ™ ,u* ,u«'w ex.sts ,0o 
FORMAI (15,12E10.3I 
END 

TMA 110 
TMA 120 
TMA 130 
TMA 140 
TMA 150 
TMA 160 
TMA 170 
TMA 1B0 
TMA 190 
TMA 200 
TMA 210 
TMA 220 
TMA 230 
TMA 240 
TMA 250 
TMA 260 
TMA 270 
TMA 260 
TMA 290 
TMA 300 
TMA 310 
TMA 320 
TMA 330 
TMA 340 
TMA 350 
TMA 360 
TMA 370 
TMA 360 
TMA 390 
TMA 400 
TMA 410 
TMA 420 
TMA 430 
TMA 440 
TMA 450 
TMA 460 
TMA 470 
TMA 480 
TMA 490 
TMA 500 
TMA 510 
TMA 520 
TMA 530 

ITMA 540 
TMA 550 
TMA 560 
IMA 570- 
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 SUBROUTINE YPR4 YP4 

YP4 
SUBROUTINE YPR4 IS A GENERAL ROUTINE FOR CALCULATING TURBCCHARGER YP4 
PERFORMANCE yp4 

YP4 
COMMON ICM(20),G(90) YP4 
COMMON CMAIN(300),OSlJBlI200I,DSUa2(2C0) ,DSUn3I1693I YP4 
COMMUN X,Y15),F( 5),0(5),A(5I,B(59),TITLEI20),HEAD(20I ,L(10),MCR,MLYP4 

1P.LÍ4, IA1I3I,IA2(7),ICI19),ID(19),IE(19) ¥P4 
COMMUN CSUB5I200) 
ECUIVALENCE 1L7, ICMim, (L6• ICH(2) ) Yp4 
CO 10 J=l,10 yp7 

n B(j)=o.o ip? 
CO 20 J = 1,L7 yp, 
JC=4•J♦10 * Jp£ 
CALL CM AP ( B (JC-2 ) ,B( JC ),B(JC-1) •G(17)IG(18),B(10),Y(1),G(12),G(10YP4 

1 ),B(JC~3 ),MLP,A( 4)) YP4 
B(1) = B( DfBUC) ip? 
em = B( 3I+BUC-2) yp’ 

20 B(5)*BC5)*B(JC-2)*B(JC-1) vp4 
Bl5) = B(5 )/0(3) yp’ 
CC 30 J-1,L8 yp7 
JT = 4«L7«5»J*10 y p4 

CALL TM AP (b(JT-3),B(JT-l),B(JT)tY(l),BUr-2) ,B(JT-4) ,G(ll),MLP,A(YP4 
13)1 yp/ 

G(2) = BI2M8(Jt-l) yp* 
B(4)*l1(4)«B(JT-3) YP4 
^7) = 0(7) + 0(31) Vp’ 

30 B(6) = b( 6)+Ü( JI-3)*B( JT) yp/, 
I F( ABS ( 1'( 4 ) )-0,01) 50,5C,4C yp4 

40 B(6)=B(6)/6(4) ¿p? 
GO TO 60 yp? 

50 B(6)=B(7I/FL0AT(L7I yp? 
60 F(1)=(6(2)-8(1))/A(2) VP4 

RETURN yp? 
END :.. 

10 
20 
30 
40 
50 
60 
70 
ao 
90 

100 
1.0 
120 
130 
14V 
ISO 
160 
170 
is: 
190 
200 
210 
220 
230 
240 
250 
260 
27 j 
271 
230 
2b 1 
290 
291 
292 
300 
310 
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C 
C 
c 
c 
c 

10 

20 

40 
50 
60 

70 
ao 
90 

100 

no 

120 

130 

140 

150 

160 

SUBROUTINE INP5 
DIMENSION 2(6) 
COMMON ICMI20)t G(99) 

IC CONTAINS VARIABLE NAMES TO BE PRINTED 

ic rnü!IÎ!NS L0WEtl ,'J0EX 0F VARIABLE TO BE PRINTED 
T itÍ0NI,A.INS l,PPfcR IVDEX OF VARIABLE TO BE PRINTED 
TITT WILL DE PRINTED AT THE TOP OF EACH PAGE OF niTPiir 

HEMCRÍ5L 66 PRINTE0 AT THE Tüp 0F THE 11 COLUMNS CF Ti!e TAPE PRINT 

MLP“6 
IA1(1)=1HI 
IAK 2) = 1HP 
IA1(3)=1HR 
IA1I4»=1H2 
IA2(1)=1HA 
IA2(2)=1HB 
I A2( 3) = 1HF 
I A2( 4 ) = 1HL 
IA2(5)=1HX 
IA2(6)*1HY 
142(7)=1HG 
DO 10 1=1,10 
U I ) = 0 
M=0 
READ (MCR,190) TITLE 
WRITE (MLP,200) TITLE 
READ (MCR,190) HEAD 
READ (MCR,2101 III,112,11,12,2 

Killt <ML,’, 220, 112,11,12,2 

DO 40 1=1,4 
IF ( IIl-IAK I ) ) 40, 50,40 
CCNT HUE 

GO TO (60,150,170,160,180), I 
DC 70 1=1,6 
IF ( 112-142( I )) 70, 80,70 
CONTINUE 

Í??. i10’ T20, 130, 140, 180) , I 
CALL STORf; I 11» I 2, 2 , A, 29,KKY) 
GO TO (20,1801, KKY 
CALL STORE ( 11, I 2,2,B, 1C,KKYI 
GO TO (20,180), KKY 
CALL STURE ( 11,I 2,2,F,13,KKY) 
GO TO (20,180), KKY 

CALL STURI ( II,12,2,L, 10,KKY) 
GO TO (20,180), KKY 
CALI. STORE ( II, I 2, 2 , X, 1 ,KK Y ) 
GO 10 ( 20, 180), KKY 
CALL STORE (I li I 2,2, Y,13,KKY ) 
GO TO (20,180), KKY 
M=M +1 
I C( M)= 112 
IC(M) = I). 
I E « M ) = I 2 
GO TO 20 
I CM ( i, ) = 1 

IN5 
INS 
INS 
INS 

MCIN5 
INS 
INS 
INS 
INS 

10 
20 
30 
40 
SO 
60 
70 
80 
90 

INS 100 
INS 110 
INS 120 
INS 130 
INS 143 
INS ISO 
INS 160 
INS 170 
INS 180 
INS 190 
INS 200 
INS 210 
INS 220 
INS 230 
INS 240 
INS 250 
INS 260 
INS 270 
INS 280 
INS 290 
INS 300 
INS 310 
INS 320 
INS 330 
INS 340 
INS 350 
INS 360 
INS 370 
INS 380 
INS 390 
INS 400 
INS 410 
INS 420 
INS 430 
INS 440 
INS 450 
INS 460 
INS 470 
INS 480 
INS 490 
INS 500 
INS 510 
INS 520 
INS 530 
INS 540 
INS S50 
INS 560 
INS 570 
INS 580 
INS 590 

226 
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170 L14=H 
RETUR,'I 

180 WRITE (MLP. 230) 111. 1 12. 1 !•12 
CALL EXIT 

C 
190 FORMAT (2CA4) 
200 FORMAT (1H1,20X,22MINPUT DATA FOR SUB5 - ,/.20X,20A4l 
210 FORMAT ( Al.IX«Al,213t1X(6F10.SI 
220 FORMAT I/,IX.Al.IX,A1,21 3,1X.6E12.4) 
230 FORMAT (IVhIBAD DATA - CARO ,A1,8H VECTOR ,41,2131 

END 

1N5 600 
INS 610 
INS 620 
INS 630 
INS 640 
INS 650 
INS 660 
INS 670 
INS 680 
INS 690 
INS 700- 

! 

t 

i 

I 
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SU8KÜUTINE PRT5 
COPMUN ICMÍ20),0(90) 

.SSpiiSSiSSKîs-s, 
111 IF(L(10 l-L(2) )2, 1, 1 

1 1(10)=0 
MRnt(MLP,2C0)TITLE 

2 L( 10)=L(10) + 1 
DO 13 1 = 1,LU 
ll=IC(I I 
12»IE( I ) 
DU 3 3=-1,6 
IF( ICI ) )-142(3))3,5,3 

3 CCNTINUE 
WRIT E( MLP,201 ) IC(I) 
CALL EXIT 

4 11=14+1 
!F(11-12) 5,5,13 

5 I4*M|.N0( I1+Ç, |2) 
GO TO (6,7,8,9,10,11,12), 3 

6 !í”,Tr^<í:'Lf>*2:)2,,C,,»',l*^.«A(K),K=Il,U) UL TO A 

7 WRIU(HLP, 202)IC(l),Ii,U,(B(K),K=U,|4) 
GO TO 4 

8 ¡í2,;s,;Lp, 202,icm’ '^“’^“o-K’ii.u) 

9 rn,rTn^U,,2C3’ (0( I),I1,|4,(L(K),K = I1,U) ÜU I U 4 
10 WSITEIKLP,204)X 

CO rc 13 

11 GO 4*"^f * 10( I ), II, 14, (Y(K) ,K = U,I4) 

12 WRITE(MLP,2C2)IC(1),I1,|4,(G(KI,K=I1,I4) 
OR TO 4 

13 CONTINUE 
RETURN 

200 FORMAT!///,25X,2CA4) 

ENC 

PR5 oû:i 
PR5 0002 
PR5 0003 
PR5 0004 
PR5 0005 
PR5 0006 
PR5 0007 
PR5 0008 
PR5 oj:9 
PR5 0010 
PR5 0011 
PR5 0012 
PR5 0013 
PR5 03U 
PR5 0015 
PR5 0016 
PR5 0017 
PR5 0013 
PR5 CO 19 
PR5 0.120 
PR5 0021 
PR5 0022 
PR5 0023 
PR5 0024 
PR5 0025 
PR5 0026 
PR5 0027 
PR5 CO28 
PK5 0029 
PRO ODO 
PR5 0031 
PR5 0022 
PR5 0033 
PR5 0034 
PR5 0025 
PR5 0026 
PR5 0037 
PR5 003d 
PR5 0039 
PR5 0-.40 
PR5 0041 
PR5 0042 
PR5 0043 
PR5 0044 
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SUÜROUTINC RNG5 (Hl,‘Ul RNS 10 
COMMON ICM(20),0(90) RNS 20 
COMMON DMA INI 303),DSUH1(2001,DSUD2(2C0),DSUB3(1693),0SUB4(200) RNS 30 
COMMON X,YI13),F( 13),0( 13),A(29),B1101,TI TIE(20).HEAD(20I,L(10),MCRNS 40 

IR,MLP,L14,1A1(4),IA2(7),IC(19),10(191,1E(19) RNS SO 
H*Hl RNS 60 
HH=•5*H RNS 70 
N=N1 RNS 80 
00 10 1=1,N RNS 90 

10 Q(I1=0.0 RNS 100 
CALL YPttS RNS 110 
DO 20 I=1,N RNS 120 
S=F(I)*H RNS 130 
T = .5*(S-2.*:0( D) RNS 140 
Y(I)=Y(I)♦( RNS 150 

20 01 I )=0(1)+3.*T-.5»S RNS 160 
X =X +HH RNS 170 
CALL YPRS RNS 180 
CO 30 I = 1 » N RNS 190 
S=F(ll*H RNS 200 
T = .29289322»(S-Q(D) RNS 210 
Y( 1 I =Y( I » +r RNS 220 

30 0( I ) = 0( I1+3.+ 7-.29289322+5 RNS 230 
CALL YPRS RNS 240 
DO 40 1=1,N RNS 250 
S = F(I)*H RNS 260 
T=1.7071067»(S-u(l)) RNS 270 
Y( I )=Y( I ) + r RNS 280 

40 C( I )=0( I1 + 3.+ 7-1.707106*5 RNS 290 
X = X +FH RNS 300 
CALL YPRS RNS 310 
00 50 I=1,N RNS 320 
S=F(I)+H RNS 330 
7=(5-2.+0(1))/6. RNS 340 
Y(1I=Y(I )+T RNS 350 

SO Q(1)=0( I )+3.+ 7-.5+5 RNS 360 
RETURN RNS 370 
ENO RNS 380- 
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LSV-16 DIESEL 

10 
50 

26 

30 

SUBROUTINE SUBS 

.ostB3„0,3l,CS(,14,iOOI 

mí?nE?íE)i“;l0.'.T"E,‘'''»'' •, ° 

IF, “e“-,ï"?;3oS.™ô.SF2EC“,iDEU 0U"'“ 
»HET2.12.3 
T( llI = ThETl 
VC 101*0. 
G(9 )*.0496 
G(5 l*100.*V(12I/AC2) 
G(14)*100.C^B(6I/AI2) 
RETURN 

TESTS CN JUKE 23,1971 

100 CALL RNGSIAm.LIin 
GC TO 10 
ENC 

SUS 060>. 
SUS 0031 
SUS 0302 
SUS 0032 
SUS 0024 
SUS 0305 
SUS 0006 
SUS 3307 
SUS 0308 
SUS 0009 
SUS 0010 
SUS COU 
SUS 0012 
SUS 0313 
SUS 0014 
SUS 0015 
SUS 0316 
SUS 0017 
SUS 3018 
SUS 0319 
SUS 0020 
SUS 0021 
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SUBROUT INE XL I FT I THET X. THE T2, ZU F TI 

FUEL INJECTOR POSITIONING FOR LSV-16 
WRITTEN BY BRUCE ALLEN 11/71 
REFERENCE EXPERIMENTAL DATA FROM JLNE 23,1971 

10 
SO 

XL I 
XL 1 
XL I 
XL I 

TESTS XL I 
X L I 

COMPUTES FUEL DOOR POTENTIOMETER VALLE FROM ACTUATCR POTENT ICMETERXLI 
COMPUTES INJECTOR LIFT «INCHES) FROM FUEL DLCR PCTENTICMETER IVCLISXL I 

XL I 
TFET2*1.63+1.A11»THET1 XLI 
ZLIFT = «007*.00A1BA5»(THE T2-2.13) XLI 
IFIZLIFT-.CC7)10,5C,5C XLI 
PILOT PUSH ION LIMITS LOWER VALUE UF FUEL DELIVERED BY INJECTORS XLI 
ZLIFT*.0i)7 XLI 
RETURN XLI 
END XLI 

0001 
0002 
0003 
00 J A 
OjOS 
OOOu 
0007 
OOOfJ 
O J09 
0010 
0011 
0012 
0013 
0014 
0015 
00 ¿6 

231 
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DIMENSION TRANSI 50) 
COMMON ICMI20)tC(90) 

COMMON X^y/lá^Fllai^ollj^ÁjjIV8,? ,DSlJÜ3 «1693» ,0SUB4 (ZOO) 

i«ftrír0'?o5,s¿EFF5rí^,íi,E,?uA,,o'‘s Fm “«-* 
REFERENCE EXPERIMENTAL DATA FROM JUNE 23.1971 TESTS 

IF ILI3) I 10,10,20 

,l«A?7FUTeS C0,,8l',e0 CMST‘,‘,S M '««NSFE» FWCT.C, EVAIU.MCK 
42“Al 8 ) 
A3“Al 9 ) 
A4“AI10) 
A5“AC11 ) 
A6“A|12) 
Al 13)“A2«A3«A4-A5 

illlSS;:™-™™“—-• 
AA*-A(20)/(A(21)-AI22)) 
BB“-AA 
TCLV*0.01 
L(3)=5 
NT RAN*A,O»A(26)/A( 1) 
MAX = 2« NTRAN 
IF(MAX-50 ) IA,1A,1 
WRITEIMLP,5CCIMAX 

C¡LLATt!l/TÍX,I3,36H EXCEEDS TRANS‘50» DIMENSION IN VPR5 ) 

U CO 15 J“1,MAX 
15 TRANSIJ )“Y(e)*Y(9) 

N“M AX 

2301 AMPLIFIER 
B(&)“G(A)-A(2) 
HI 1)*0(6I/AI6) 

cí !*ü,1,*r, 1,4V,3,+V< 61^41231 
Fl 1)“AI7 )•Al 13)•UI 1) 

F|,3¡=BY|<2/¡*A‘U,#Ú,n"Mll,,Y,2,-A,l2»^‘3» 

.F{5),^!í,,#A,l5,'B,n'A,ll,,Y,4,-A,l2»*V«5I 
F16 »“Y I 5 ) 

LOAD SENSOR 

XKL IS CONSTANT . PERCENT ELECTRICAL LOAD 

PERCT*iOO.«GI8 I/AI 19) 
XKL = AI .16)«PERCT 
HI3)“T1C2*XKL+Y(7) 

FI7)=IXKL«ll.0-TlD2)-YI7))/Alia) 

HYDRAULIC ACTUATOR 
HI4)*YI0)*YI9) 

1 
900 

YP5 
YP5 
YP5 

.MCYP5 
YP5 
YP5 
YP5 
YP5 
YP5 
VPs 
YP5 
YP5 
YP5 
YP5 
YP5 
YP5 
YP5 
YP5 
YP5 
YP5 
YPb 
YP5 
YP5 
YP5 
YP5 
YP5 
YP5 
YP5 
YP5 
YP5 
YP5 
YP5 
YP5 
YP5 
YP5 
YP5 
YP5 
YP5 
YP5 
YPb 
VP5 
YPb 
YP5 
YP5 
YP5 
YPb 
YPb 
YP5 
YP5 
YP5 
YP5 
YP5 
YP5 
YPb 
YP5 
YPb 
YP5 
YPb 

O J02 
0003 
0004 
0005 
0006 
0-307 
0308 
0009 
0010 
0*311 
0012 
0013 
0014 
0015 
0016 
0017 
0018 
0019 
0020 
0021 
0022 
0023 
0024 
0025 
0326 
0027 
00 20 
0029 
00 30 
0w3i 
0*3 32 
0033 
03 34 
00 35 
00 36 
0057 
03 38 
00 39 
00 A3 
0041 
00A2 
0343 
0044 
0045 
0046 
0047 
OC-48 
0549 
00 50 
0051 
03 52 
0053 
0054 
0055 
0056 
0057 
0058 
0059 
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BIO)-B(2l*B(3) 
F(8)=AA«B(5I-A(21)»V(B) 
FC9)*bB»B(5)“A(22)»Y(9) 

C 
C TRANSPORT FUNCTION LOGIC FOR HYDRAULIC AC Tt'ATCR 

T RAMS (N)*B( A I 
IFIN-MAXÍ30,25,25 

25 Bl10 )sTRANS(NTRAN) 
CO 26 J • 11Í41RAN 

26 TR/.NSU I^TRANSU+NTRAN ) 
N=NTRAN*1 
GO 10 AO 

30 B(lO)-TRANS(N-NTRAN) 
N=N + 1 

C 
C CHECK ACTUATOR STOPS 

IF(H(10)-A(24))35, 34, 34 
34 B( 10 ) = A( 24 ) 

GO TO 40 
35 IF(b(10 )-A( 25))38,40,40 
38 B( 10 ) = A( 25 ) » 

C 
C SPRING MASS SYSTEM MITH DAMPING FOR FUEL LINKAGE 
C COULOMB DAMPING 

40 B(B)=A(3)*(B(10)-Y(11)) 
IF(AUS(Y(10 ) )-TUlV )130,130,ICO 

100 I F ( Y ( 10 I ) 11C,130,120 
110 B(9 ! =- A(4) 

GO TO 163 
120 B(9 ) = A(4) 

GO IU 160 
130 IF(ABS(0(8))-A(4))140,140,150 
140 F(10 ) = 0. 

GO TO 170 
150 B(9)=B(8)«A(4)/ABS(B(B)) 
160 F(10)=0(8)-0(9) 
170 F (11 ) = Y (13) 

C FREUULNCY ERROR DISPLAY CIRCUITRY 
FC12)=(B(6)-V(121l/A(5) 

C 
RETURN 
END 

YP5 0360 
YP5 0061 
YP5 0362 
YP5 0063 
YP5 0064 
YP5 0065 
YP5 0066 
YP5 0367 
YP5 0068 
YP5 0069 
YP5 0073 
YP5 0071 
YP5 0072 
YP5 0073 
YP5 0074 
YP5 0075 
YP5 0076 
YP5 0077 
YPb 0378 
YP5 0079 
YP5 0030 
YP5 0081 
YP5 0382 
YP5 0083 
YP5 0084 
YP5 0085 
YP5 0086 
YP5 0087 
YP5 0088 
YPb 0389 
YPb 0090 
YP5 0091 
YP5 0392 
YP5 0393 
YP5 0094 
YPb 0095 
YP5 0096 
YPb 0097 
YP5 3098 
YPb 0099 
YPb 0100 
YP5 0101 
YP5 0102 
YPb 0103 
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4. 
SYSTEM CONTROL CARD LISTING FOR CPC SCOPE OPERATING SYSTEM 

The cards listed below along with a 7-8-9 delimiter card before 

“ckaíreraÍÍ\heR^ ^ ^ ““ °F FILE cards after tha “«ta 
contro1 card8 necessary to eaecute the Cooper- 

11 (page 58) £0/^0^^ ° ***" “ Fl8ure 

SlâE,C29000,T110,CM70K* A*D-LITTLE-(ALLEN)864-5770X888* 
RUN(P) 

LGO. 

*to be changed on individual GDC 6000 systems. 

5. NUMERICAL AND LOGICAL ANALYSIS 

5.1 COMPUTATIONAL TECHNIQUES 

A diesel engine generating system is represented bv five 
subsystems (the common shaft, the alternator? the Siesel lie 
each a"d the turbo-supercharger). The performance of 
each subsystem is calculated by the numerical inteeration of the 

^ff®J?ntlal equations which represent the physical process with¬ 
in each subsystem. If the initial boundary conditions (or initial 

caírftT 8íVen ^ a ti®e-history of eich parSme^r mly bS 

tion technlque?8 ° h RUn8^Kutta (G1U,a ”*«“>“) Integra- 

and hü!6 dlffere"tial equations are for the most part non-linear 

Îîle b®en.r®duaed to lst order form. The integration interval 
( r time step) is determined by an error analysis. 

the systems represent steady flow phenomena; and, therefore 

dîeJïffÜ lal equatlons do not change in basic form. Thef ’ 
diesel, however, exhibits non-steady flow (intake eomnreoeinn 

reversai°n'ihus^the f”d' Cftaln co"dlt1»“, axhlblta flow 

boundaries are governed by pressure gradients, crank angle or 

the combustion process. Iteration techniques have been coded 
to approach these boundaries, and these techniques, in effect 
vary the time integration interval. ’ 
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5.2 PROGRAM STRUCTURE 

5.2.1 Basic Organization 

The basic program structure follows a building block 

procedure so that several non-linear subsystems may be analyzed 

as a single, Interacting system. The differential equations of 

each subsystem are integrated by the Runge-Kutta method at an 
integrating step size which is commensurate with an accurate 

numerical solution of the subsystem. Thus, the fastest loop 
will not bind the entire system to a short integrating step which 

would require excessive computational time with little increase 

in accuracy. 

The key building blocks in the program are the 

following : 

1 

I 

; 

Main System 

Environment 

Subsystem //1 

Subsystem //2 
Subsystem //3 

Subsystem //4 

Subsystem //5 

Executive Function 

Ambient and Load Conditions 

Equation of Motion 

Alternator 
Diesel Engine 

Turbocharger 

Fuel Control 

The names of all subroutines which constitute each 

system are shown in Section 6. Each of the subsystems numbered 

1 through 5 is a self-contained subprogram which describes, in 

the form of equations and stored data, a portion of the physical 

system. Each subsystem has its own master routine (SUB), set of 

input data, and differential equations.* (Sub 2 is an exception 

having no differential equations.) Each is controlled by the 
MAIN program and communicates with other subsystems through the 

MAIN. 

For ease of programming, pre-coded input, output, 

and integration routines have been developed. Thus, once a 
logical block diagram is developed, all that is required is the 

statement of the differential equations (whose non-constant co¬ 

efficients may require extensive algebraic calculations or tabular 

look-ups) and the input data. 

The main program initializes the subsystem, guides 

the machine through the computation process, and controls the 

logical flow of information between the subsystems. No computa¬ 

tions are performed by the MAIN. The flow of information between 

*Sub 1 will be used to refer to Subsystem 1, whereas SUBI will refer 

to that subroutine which controls the computation within Sub 1, and 

so on for each of the subsystems. 
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the subsystems is schematically represented in Figure 9 (page 

55). The main system and subsystems communicated parameters 

through Common storage. All coefficients and variables are 
stored in a section of Common core area which is allocated to 

that subsystem; thus, all programs within a subsystem communicate 
all variables readily. See Table 15 (page 237) for Common 

structure. In a different subsystem the same variable might 
have a different meaning or value. Thus, the areas of Common 

exclusive to each subsystem are masked by dummy variables. Only 

the G(I) and ICM(I) vectors are simultaneously communicated to 

all systems. Crankshaft angle, G(22), is the independent variable 
for the entire program and is indexed by the MAIN. The environ¬ 

ment uses time, G(l), as its independent variable. Each of the 

numbered subsystems has an internal Independent variable, X, which 
may be either time or angle. These variables are as follows: 

Subsystem 1 

Subsystem 2 

Subsystem 3 
Subsystem 4 

Subsystem 5 

angle in radians 

time in seconds 

angle in degrees 
time in seconds 

time in seconds 

Briefly, the computation scheme works as follows: 

The MAIN first calls each of the SUB's (subsystem "mains") 

and YPR's (derivative computing subroutines) in order to 
initialize the subsystems; the MAIN then Indexes the angle 

forward, calls SUBI to compute the time and ENVIR to set 

the environmental conditions at that time, and calls the 

remaining SUB’s in turn. Each of the SUB's checks its 

internal time (or angle) against the MAIN's "clock" time 
(or angle) to determine whether to compute or to return to 

MAIN. In order to compute, SUB calls RNG (the integration 

routine) which in turn calls YPR four times in order to 

compute the derivatives necessary for Integrating forward 

in time (or angle). The independent variable (time or 

angle) internal to SUB is indexed forward by RNG. Depend¬ 
ing on its computation mesh, SUB may have to call RNG 

several times before returning control to MAIN. The YPR 

subroutine may call a number of other subroutines to per¬ 

form tabular look-ups or algebraic manipulations necessary 

to compute the non-constant coefficients in the differential « 
equations. Before returning to MAIN, SUB updates a number 

of quantities in the G array, so that the latest values 

will be available for printing or for use by the other sub¬ 

systems. Control integers determine how often (how many 

steps of the angular "clock" in MAIN) the results are 

printed or written on the disk file (logical unit 8). 
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TABLE 15 

STRUCTURE OF COMMON 

pwnwpfwwupp^ppr 

i 

j£ 
I 
I 

A(I) 

B(I) 
* 

D 

DD(I)* 

DMAIN(I), 

DSUB1(I)-DSUB5(I) 

F(I) 

FO(I)* 

G(I)** 

HEAD(I) 

IA1(I), IA2(I) 

IC(I) 

ICM(I) 

ID(I) 

IE(I) 

IY(I)* 

L(I) 

L14 

M(I) 

M1(I)* 

M2(I)* 

M3(I)* 

M4(I)*, 

MCR 

MLP 

constant coefficients 

non-constant coefficients 

Integration step 

Integration step array 

dummy variables to mask out areas of common 

derivative of dependent variable 

storage for F array 

engine parameters 

title at top of tape printout 

alphabetic characters used by Input routines 

alphabetic characters to be printed 

program control parameters 

first subscript number to be printed 

la^t subscript number to be printed 

available for additional program control 

parameters 

counters and control indices 

number of print instructions read from cards 

major mode 

submode 

submode 

submode 

submode 

logical unit number of card reader 

logical unit number of line printer 

These parameters are peculiar to subsystem 3. 

Note: These are only variables common to the main and all 

six subsystems. 
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TABLE 15 (Continued) 

STRUCTURE OF COMMON 

(PMiaiuiMiyin 

Q(I) integration parameter 

TITLE(I) titla printed at top of output page 

U(I,J) non-con«t.ant coefficients 

UO(I,J) storage for U array 

W14(I) fuel injection schedule angles 

* independent variable (angular displacement of time) 

XO(I) storage for X array 

^(1) dependent variables computed by integration 

TO (I) storage for X array 
¡I 

i 

I 
i 

i 

; I 

! 
I 

These parameters are peculiar to subsystem 3. 
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After the "clock" has Indexed up to the prescribed angle 

(A(2) in MAIN), the information on logical unit 9 is 

printed in column form with headings and units for easy 

reference. Then the Y array of Sub 3 is punched into cards, 
if desired, to be used as input for another run. (The 

tedium of manually punching the Sub 3 Y array for a 20 

cylinder engine led to the addition of Subroutine PUN3 to 

do this job automatically.) Finally, the program attempts 
to read in another set of input data. The "normal" exit 

for the program is a job abort caused by INPM reading an 
END OF FILE card instead of input data. 

5.2.2 Environment 

The Environment is a subsystem which supplies values 
for those parameters which characterize the engine's interaction 

with its environment and load. Although the Environment uses 

the same Common space, and input and print routines as the MAIN 

program, it is for all intents and purposes a separate subsystem 
which consists of the subroutines AMB10, AMB12, and ENVIR. The 

subroutine ENVIR acts as the "main" for this subsystem. The 

Environment is an analytically described function of time with 
the values being input via cards. 

In describing the environment, there are three sub- 
options. The first is that of having constant inlet pressure 
and temperature, and exhaust pressure. These are set within 

ENVIR. The second sub-option is that of having AMB12 generate 

a "standard" airshock (ramp pressure rise, exponential decay). 

The third sub-option is to have ABM10 generate inlet pressure, 

inlet temperature, and exhaust pressure profiles of a prescribed 
arbitrary shape. Up to 12 data points for each of the above 

parameters may be used (as input data) to describe its profile. 

AMMO interpolates in a straight line fashion between these 

points. Under all three of these sub-options, the generator 

load is set in Subsystem 2 and may be varied independently of 

the environmental pressures and temperatures. The input data 
required to implement each of these options is described in 
detail later. 

5.2.3 Equation of Motion, Sub 1 

The Equation of Motion (Sub 1) performs three func¬ 
tions: First, it computes the angular speed of the shaft of the 

engine-generator set using the equation given in Part I.5.3.3. The 
developed torque, xd, is not used directly in this equation; 

rather, four coefficients, G(24)-G(27), are calculated in Sub 3 

then used in Sub 1 to calculate shaft speed. This transfer of 

information is shown symbolically in Figure 9 (page 55) as simply 



the transfer of xd from Sub 3 to Sub 1. The second function of 

anele ÎT the angular sPeed and the shaft 
/ function of Sub 1, which is unrelated to the 

Thl enlr ’ ls|.that °f keePin8 an energy balance for the engine, 

síb 3 8 !°ín? t0 various Actions are calculated8in 
th fna d lnte8rated in Sub 1 in order to keep a running sum of 

«t 87 sP®nt «s shaft power, friction, etc. These sums are 
set to zero at the beginning of each cycle, so that the values 

calculated are for one complete cycle. A summary of the computa¬ 
tion process with Sub 1 is shown in Figure 12 (page 241¾ and the 

(ÍIgeS242)!n8 l08lCal contro1 Points are explained in Table if 

5.2.4 Alternator, Sub 2 

In the case of the Cooper-Bessemer diesel eneine- 

affload rf 6 Alternator (Sub 2) has been represented simply 
nn d ?Uíring C0nstant power. As such, this subsystem has7 

dÍfífr^tía?; options or integration routines. The^lectrical 
p wer divided by shaft torque and generator efficiency. The shaft 

T l“?' Il SÆ,2' kThe 8ener“°r ^ inputy¿atff„r 
Sub 2. It is possible, by use of other Sub 2 input data, to 

-laa astep î°ad chan8e• The logical flow of information is 
shown on Figure 13 (page 243) and Table 17 (page 244). 

«o A pro8ram oapable of a detailed simulation of the 
electrical equipment is described in Reference 2. This altema- 

putationafff desl8ned t0 be used as a subsystem within the com¬ 
putational framework presented here. 

^ . tTbe alternator program includes a detailed analysis 

ThpfnVfal gen®ratln8 equipment and voltage controls! 

i0?4°f îhe alternator Program will extend the com- 
aïea reseïîefff“suf2a °f aPProxlmately 1-5. The Common 
un of d f V w111 have t0 be expanded (see Common set- 

ÍaÍn enCe 2] anu the varlables which must communicate with 
cm Ílr2?ram, Ín, th? G VeCt°r (see Paraeraph 11, Computer 

Functional Description) must be properly defined in consistent 
units; otherwise, little recoding is required. 

5.2.5 Diesel. Sub 3 

w f Subsystem 3 is suitable, without change, for describ¬ 
ing any of a variety of diesel engines. Those routines which 
require revision in order to model an engine other than the 

Cooper-Bessemer LSV-16 are shown in Table 18 (page 245) Sub 3 

iS íap?ble ?f bating a two or four cycle dLfel engine wïth 

haust)20 ihllndMS-î haVlng UP t0 10 manifolds (intake plus ex- 
to tf • f f ^linders may he connected in any arbitrary fashion 

the manifolds, e.g.. Cylinder 2 may be connected to Inlet 
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LOGICAL FLOW OF INFORMATION 

IN SLBSYSTEM 1 

FIGURE 12 
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TABLE 16 

LOGICAL FLOW OF INFORMATION IN SUBSYSTEM 1 

1. Enter Subsystem 1. 

i«« 

2. Compare external and Internal crank angle to determine if 

integration is needed. If not, go to Step 5 before returning 
to MAIN. 

3. Integration required: Compute all values for integrating 

differential equations used to describe the equation of 
motion. 

4. Integration equations and advance internal crank angle for 
Subsystem l. Go to Step 2. 

5. Set communication variables (G array) for time, crankshaft 
speed, and acceleration. 

6. Check to see if an engine cycle has been completed. If not, 
go to Step 8. 

7. If reached the end of an engine cycle, set communication 

variables for energy balance and compute engine performance 
using values Integrated during past cycle. 

8. Exit Subsystem 1. 



o 
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TABLE 17 

LOGICAL FLOW OF INFORMATION IN SUBSYSTEM 2 

1. Enter Subsystem 2. 

2. Compare external and internal time clock to determine if any 

calculations should be made in this Subsystem. If not, go 
to Step 8 

3. If so, is flag L(l) ■ 0? If so, go to Step 4. If not, go to 
Step 7. 

4. Compare internal time and time of load change to determine if 

load has been changed. If not, go to Step 5. If so, go to 
Step 6. 

5. Set torque for full load. Go to Step 7. 

6. Set torque for changed load. 

7. Calculate electrical frequency. 

8. Exit Subsystem 2. 
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TABLE 18 

SUBPROGRAMS REQUIRING RECOMPILATION FOR DIESEL 

SIMULATION OTHER THAN THE COOPER-BESSEMER LSV-16 

SUBPROGRAM NAME SUBSYSTEM UNIQUE FEATURE 

SUBROUTINE ENVIR MAIN 

FUNCTION AEV 3 

FUNCTION AIV 3 

SUBROUTINE RACK 3 

SUBROUTINE TABLE 3 

SUBROUTINE CMAP 4 

FUNCTION DPIC 4 

SUBROUTINE POLYE 4 

FUNCTION TIC 4 

SUBROUTINE TMAP 4 

SUBROUTINE XLIFT 4 

SUBROUTINE YPR5 5 

ambient conditions 

exhaust valving 

Inlet valving 

fuel Injection rates 

engine cranking kinematics 

turbocharger compressor map 

Intercooler pressure drop 

turbocharger compressor 

efficiency 

Intercooler temperature 

turbocharger turbine 

fuel injector positioning 

fuel control 
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í.rd Exha,Mt "‘"“■’W 4- There are no obvioue llmita- 

of cylinders and Mnïfoïd.^âre íeclfienrtepí^data8 ““e" 
valve area sub rout Inea apv an a a nr , ^ ^ uaca» The 

vaar“:eraríheVreV:hreniate* ht“°^ ín“ ^ vaxves, where the valve area is never zero frhi~ * a. y 

Ä)the Pert0r“nCe °f - de*r‘d'd « »o™ engine to bTalnu- 

ujfhir. « id j traca or the events occurrlne 

use5 în Sub 3 Sse^líers^'01^ 18 Set °f m°de n^bers 
by Subroutines IMODE and CHANG, are^ed to seíectatheaS8l8nedí 
equations in YP3, and the subroutines called fÍomvíí !PP^°prlate 
the physical processes oceurr*«» !v ! a f “ YP3* to describe 

togetÍerUwithCS^rem' 19 ?) "sílirízefthfíaíues, 

"»de, M(I), and the Amodie ] Ml (ï), "Sa) “la)™,^ ” 

TOSÍ” Ä ™--e 

^2,6 Turbocharger and Intercooler 

cooler are de^rïb™^^“! turboc^rger and inter¬ 
charger is similar to that- of a*- . treatment of the turbo- 
The performance of the turbina a®1“816 sbaft ^as turbine engine, 
pressions'while that of tía õf 18 aPProflmated by analytical ex- 
map data described earlier. mPreS80r is described by performance 

and YPR4 »h^8 8ub8ys1tem has general purpose routines, SUB4 

» ï=-^' 
sor are contained in Subroutine CMAP. SubwStiíeeCM^eínd0,“Prír map routine pntvir «uDroutine (.NAP and another 

CML ^n és l^’f L8 ?” Sir CM,PreSrr «‘ta. «s rxow, mi, torque, tc, and compressor exit 

temperature, Te> given compreseor pressure information and speed, 

V POLYE computes compressor efficiency, „ from pressure ratio 

SiaSiStfiSrlî^ îl™'* “ ““"IP interpolate between 

efficiencies for apee^fÏSe“Ve^SeS? 

In Table 21 (page 251)? l08lCal contro1 points are explained 
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TABLE 19 

MODE STRtTfîTITRE OF SUBSYSTEM 3 

M(I) 

Ml (I) 

M2(I) 

M3(I) 

M4(I) 

1 

2 

3 

4 

5 

1 

2 

1 

2 

0 

1 

2 

3 

4 

0 

1 

2 

4 

Intake 

Compression 

Combustion and Expansion 

Exhaust 

Scavenge 

P. > P 
im — c 

P4 < p„ im c 

P > P 
c — em 

P < P 
c em 

M(I) / 3 

0! £ 0 < 02 

0, _< 0 < 03 

03 < 0 < 04 

\ 1 0 

M(I) ^ 3 

0 < 0, + 0 

0 > 0, + 0,; combustion occurs 
— 1 d 

m^ ■ 0; combustion complete 
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FIGURE 14 LOGICAL FLOW OF INFORMATION IN SUBSYSTEM 3 
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TABLE 20 

ï 
f LOGICAL FLOW OF INFORMATION IN SUBSYSTEM 3 

1. Enter 

2. Determine if integration is needed; if not, go to Step 12. 

3. Call RACK and set new fuel angle setting; call IMODE and 

reset all major modes and submodes. 

A. Store X and Y arrays into XO, YO. 

5. Call ANGLE, set LX ¿ 0 if integration step is to be shortened. 

For intake, compression, exhaust or scavenge modes, see if 
angle which ends mode is exceeded in integration step, D. If 

so, store A(KK) - X(I) in DD(LX). For combustion mode, set 

D ■ DXC and determine if any fuel injector angles W14(KK) are 
exceeded; if so, store WIA(KK) - X(I) in DD(LX). 

6. Set D ■ minimum value of DD(LX). 

7. Call RK3 and integrate Y array to X(I) + D. 

8. Call PTDSL, set LX 0 if a critical points which defines a 

change in submode has been exceeded in integration of Step 7. 

As submodes may be changed by changes in détendent variable 

Y, the integration step can only be estimated; store in 

DD(LX). 

9. If LX 1* 0, set D equal to minimum value of DD(LX); reset X 
and Y arrays to original values stored in XO, YO. Go to 

Step 7. 

10. Store M, Ml, M2, M3, MA arrays into MX, MX1, MX2, MX3, MXA 
arrays; call CHANG to determine if mode change has occurred 

and to reset mode arrays; calculate peak temperatures and 

pressures. 

11. Determine if integration is needed; if not, go to Step 12; if 

so, go to Step A. 

12. Set G array, exit. 
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LOGICAL FLOW OF INFORMATION 

IN SITJjSYSTEM 4 

FIGURE 15 
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TABLE 21 

LOGICAL FLOW OF INFORMATION IN SUBSYSTEM 4 

1. Enter Subsystem 4. 

2. Compare external and Internal time clocks to determine If 
Integration Is needed. If not, go to Step 5 before returning 

to MAIN. 

Integration required: Compute all values required for Inte¬ 

grating differential equations used to describe the turbo¬ 

charger performance. 

Integrate equations and advance Internal time clock for 

Subsystem 4. Go to Step 2. 

Calculate Inlet and exhaust manifold data for G array. Exit 

Subsystem 4. 
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^ ^ ^ Faei- Control 

The transfer functions which describe the response 
of the fuel control are reduced to time dependent first order 
differential equations which can be numerically integrated. 

These differential equations are located in Subsystem 5 of the 
Diesel Engine Simulation Program. Subsystem 5 contains the 

programming required to simulate all operations of the fuel 
control. The fuel control system closes the loop between 

sensing the engine-generator set operating point as described by 
electrical frequency and electrical load, and the positioning of 
the fuel metering device. 

Subroutine YPR5 contains the differential equations 
for computation during the integration process. The evaluation 

of these equations yields the position of the hydraulic actuator. 

Subroutine SUBS checks to determine if the actuator has hit a 

stop. Function XLIFT returns the fuel injector position measured 

as injector lift (analogous to rack position), as a function of 

actuator position. A summary of the computation process within 
Sub 5 is shown in Figure 16 (page 253) and the corresponding 

logical control points are explained in Table 22 (page 254). 
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LOGICAL FLOW OF INFORMATION 

IN SUBSYSTEM 5 
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FIGURE 16 



TABLE 22 

LOGICAL FLOW OF INFORMATION IN SUBSYSTEM 5 

ippippsfippiplil 

1. Enter Subsystem 5. 

2. Compare external and Internal time clocks to determine If 

Integration Is needed. If not, go to Step 7 before returning 
to MAIN. 

3. Integration required: Is flag L(3) - 0? If so, go to Step 4. 
If not, go to Step 5. 

4. Compute combined constants for fuel control transfer function 
evaluation. Set L(3) ■ 5. 

5. Compute all values required for Integrating differential 

equations used to describe the fuel control. 

6. Integrate equations and advance internal time clock for Sub¬ 
system 5. 

7. Check to find out if actuator has hit upper or lower stops. 

If so, set at appropriate limit. Compute fuel door position 
and Injector lift for actuator position. 

8. Exit Subsystem 5. 
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6. SUBROUTINES 

This section contains the complete list of all subprograms required 

by the C-B-LSV-16. This list Includes subprogram name, arguments, 

and the function of each subprogram within the diesel simulation 

program. 
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