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SmFunalun1sA I Sesitivity ¥0IR ARG EMIsoUEA 1AAIAII N N

. ' . . T4 .
NITH N1 KTRINANTIAUIUAT Sensitivity vaaR s nuS? 2600 soUABUTH

N [] [ [}
funisfifienvedusmbsznsrmunsshfimniing
Funlammeenunn Sensitivity
- Spark advance ’ =30 -28_ -26 -24 -22 -20
{degree crank angle) 0.832 { 0.891 0.953 | 0.901 | 0.965 0.871
= Combustion dmvation 36 37.6 39.2 402 | 424 44
(degree q‘an__k_g_:gle] -1297 | -1.373 | -1411 | -1.429 | -1.42 ] -1.401
- Compression ratio 85 | 89 | 93 | 97 | 101 | 108
1.259 1.25% 125 1.241 1.232 1.232
- Connecting rod length 012 | 0128 | 0.136 | 0.144 | 0152 | 0.16
{m) 0.072 0.066 . 0059 | 0.053 | 0.046 | 0.053
uhfiformetusentenmlveorvsusisioun
) Comnecting rod bearing
- Radius bearing at big-end 0.021 | 0.022 | 0.023 | 0.024 | 0.025 | 0.826
{m) 2.}_81 2523 | 2.736 | 2.979 | 3.232 3497
- Radius clearance at big-end 0.0315 | 0.0329 | 0.0343 0.0357 | 0.037f | 0.0385
(mm) «1.225 | -1.129 | -1.034 § -0.954 | -0.834 | -0.821
- Bearing width at big-end 0.02 | 0.0208 | 0.0216 | 0.0224 0.0233 0.024
{m) 0.992 0992 | 0992 | 0992 | 0992 | 0.992
- Radius bearing at small-end 0.01 | 0.0104 | 0.0108 | 0.0112 | 0.0116 | 0.012 |
(m) | 0.0171 | 0.0184 | 0.0199 { 0.214 | 0.0231 | 0.0246
- Radius clearance at small-end | 0.0162 | 0.017 | 0.0177 | 0.0185 | 0.0192 | 0.02 |
(mm) 0.0081 | -0.0077 | -0.007¢ | -0.0065 | -0.006 | -0.0035
- Bearing width at smail-end 0.02_| 0.0208 | 0.0216 | 0.0224 | 0.0232 | 0.024
{m) 0.0068 | 0.0068 | 0.0068 | 0.0068 | 0.0063 | 0.0063
v) Crankshaft bearing
- Radius of bearing 0.021 0.022 0.023 | 0.024 | 0.025 0.026
(m) 2.297 | 2.521 2.755 { 3.00% 3.255 3.521
- Bearing width 0.02_| 0.0208 | 0.0216 | 0.0224 | 0.0232 | 0.024 |
{m) 1 1 ] 1 i 1
~ Radius clearance 0022 | 0023 | 0.024 0.025 | 0.026 0.027
mm) -1.191 | -1.08% { -1.001 | -0.922 | -0.852 | 0.79]1
#i) Piston ring and skirt
- Piston clearance : 0.96 0.064 | 0.068 | 0072 | 0.076 0.08
(mm) 21358 | -1.193 | -1.007 | 0.992 | -0.846 | -0.763
- Skirt length 0.036 | 0.0376 | 0.0392 | 0.0408 | 0.0424 | 0.044
(m) 1.001 1.001 1.001 1.001 1.001 1.001
- Pressure ring depth 3 . 317 3. 3.51 3.68 3.85
mm) 0873 | 0874 | 0875 | 0876 | 0.878 | 0.881
, - Oil ring depth 1 1.042 | 1.084 | 1.126 | 1.168 | 1.21
(mm) 0.1099 | 0.1035 | 0.103 { 0.1031 | 0.1031 | 0.1032
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' ' . * - t 4 o
MTN NI N8 UTAINANTATIIUN Sensitivity voamuﬂ:maqnmmm 2600
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F0LAGUM
i 1 v | n ¥ % L
faunlsmsseninn Seasitivity
’ J) Cam system '
- Valve follower mass 009 | 0102 | 0114 ) 0126 | 0138 | 0.1%
(kg) 5031 | 0031 { 0031 | -0.031 ] -0.031 | -0.031
- Spring stiffncss 21600 | 22560 | 23520 | 24480 | 25440 | 26400
(N/fm) 0.521 0.521 0.521 0.521 | 0.521 0.521
= Valve preloading 190 | 146 ) 152 1 158 | 164 | 170
(N) 0.51 0.51 0.51 0.51 0.51 0.51
- Base radius 14 14.7 154 16.1 16.8 17.5
(mm) 0.291 0.484 0.54 0.304 | 0.592 0.606
~ Tip redius 22 | 231 | 242 | 253 | 264 | 278
{mm) 0.104 | 0109 0157 ] 0.117 ] 0.119 | -0.171
~ Valve lift 9 9.4 9.8 10.2 10.6 11
{mm) 0.9917 | 1.035 0.786 1.089 ] 1,153 0.662
9) Accessories load
« Cooling load | 2300 2380 2460 2540 2620 2700
(4] 1 1 1 1 1 1
- Rotor diameter in aliernator 0.1 0.105 0.11 0.11% 012 0.125
(m) 0.649 | 0.734 0.824 0.921 1.024 1.135
= Rotor length in alterator 0.09 0.0%4 0.098 0.102 | 0.106 011
{m) 0.138 | 0.135 0.132 0.13 0.127 0.125
) Pampling losses :
- Inlet valve diameter 0.027 | 0.0282 | 00294 | 0.0306 | 0.0318 | 0.033
(m) 0,686 | ~0.587 .1 -0.506 | 0.439 | -0.383 | -0.335
oTamhsmﬁm
- Absolute viscosity 0012 | 0.0126 | 0.0132 | 0.0138 | 0.0144 | 0,015
(Pa.s) 3.998 3.998 3.998 3.998 | 3.998 3.998
- Piston bore 0.07 0.074 0.078 0.082 | 0.086 0.09
(m) - 1.979 1.979 1.97% 1.979 1.979 1.97%
- Crank arm 0.0346 { 0.0361 | 0.0376 | 0.039 | 0.0405 ! 0.042
{m) 31519 t 3.679 3.829 3.976 | 4.131 4231
J [ [] a
fanlafifavesfusemlsenalugauvewuaun
~Dreg coefficieat 03 [ 0312 | 0324 | 0336 | 0348 | 036
1 1 1 1 1 1
- Frontal area 1.75 1.8 1.8% 1.9 1.9% 2
(m?) 1 1 1 1 1 ]
- Rolling coefficient 0.0145 | 0.0149 | 0.0154 | 0.0158 | 0.0163 | 0.0168
: 0,999 | 0.999 0.999 0.999 | 0.999 0.999
- Vehicle mass ‘ 1000 1040 1080 1120 1160 1200
) 0.999 | 0.99 | 0.999 | 0.999 | 0.999 | 0.999




MANNIN %

woyaRILL}SNTEBAUVLIN baseline engine data
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.
AT ¥.1 LOAINOY A baseline engine data

i & unf3n 19913 baseline englne data mdunls
n) Saushumemesislawing
- ©, (spark advance) , degree crank angle =26
- 6y, (combustion duration crank angle 40
- | (connecting rod length) , m 0.14
- R, (compression ratio) - 2.5
v) Fauslumnwsanisatun

- V, (displacement volume) , m’ 0.001587
- B (piston bore) , m 0.081
- n, (number cylinder) , cylinder 4
- a (crank arm) , m 0.0385
- r (connecting rod length to crank arm ratio , 1/a) 3.636
- I oo (pressure ring width) , mm 3.5
- b5 (oil ring widih) , mm 1.1
~ Dy (NUmber pressure ring) : 2
- N (number oil ring) 1
- I, (0il minimmum thickness) , pm 5
- Luasq (skirt length) , m 0.04
- C, (piston clearance) , mm ' 0.07
- 1 (absolute viscosity) , Pa.s 0.0136
- Cis (radius clearance at big-end side) , m 3.5x10°
= Rug (radius bearing at big-end side) , m 0.024
- Lps (bearing width at big-end side} , m 0.022
- Sig (eccenticity ratio at big-end side) 0.9
- Carat (radlius clearance at small-end side) , m 1.8x10°
- Ruait (radius bearing at small-end side) , m 0,011
- Lumgy (bearing width at small-end side) , m 0.022
- Exmey (eCcENLiCity ratio at small-end side) 0.9
= Ceran (radius clearance in crankshaft bearing) , m 2.4x10°
= Ro (radius bearing in crankshaft bearing) , m 0.024
- Loy (bearing width in crankshaft bearing) , m 0.022
= &y (€CCEDLrICitY Tatio) 0.9
- by, {Dumber bearing in crankshaft) 5
- m (valve follower mass) , kg 0.1
- K (spring stiffness) , N/m 24000



AT V.1 (AD) LEATUDYA baseline engine data

ﬁ"zmhnwﬂu baseline engine dats mfunls
%) Fanlslumuveundewun
- r (tip rading) , mm 2.5
- R ( base radius ) , mm 159
- ¢ (startin e 31
- e (friction coefficient on cam sarface) 0.11
- Lyia ( valve follower lift ) , mm 10
= Nygve (mumber vaive follower per cylinder) , valve/cylinder 4
|- ny (number inlet valve per cylinder) , valvelcylinder 2
- Dy, (inlet vale diameter) , m 0.03
- P, (exhaust at full InH 10
- P, (ambient pressure) . kPa ' 101.325
-k (isentropic of R12) 1.136
- €, (compression efficiency) 0.7
- &p (mechanical efficiency in compressor) 0.8
- P, (condenser pressure) , Pa 1.53x10°
-P1 (evaporator pressure) , Pa 0.255x10°
bore in compressor) , m 0.048
Coolmg foad, W 2500
= Lo (stroke length in compressor) , m 0.04
= D, (rotor diameter in alternator) , m 0.115
- L, (rotor length in alternator ), m 0.1
- P (mercuty density) ng’ 13550
o) Fanllumwesnuown
___~Gy(gearratio # 1) 3.166
- G (gear ratio # 2) 1.904
- Gy (gear ratio # 3) 1.31
|- Gy(gear ratio # 4) 0.969
= Gs(gear ratio # 5) 0.815
- Gy (differential ratio) 4.058
- G4 (drag coefficient) 0.33
- A (frontal area) , m* 1.94
- f (rolling coefficient) 0.01536
- m, (vehicle mass) , kg 1110
- Ry, (wheel radius) , m 0.281
|__- pe; (air density ) , kg/m’ 1.17
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VISB, RCRANKB, CRANKLE, CCRANKB, BN, OB
RKB, EMB, ECB, CONDE, EVAPP, BCOMB, SCOMB
BPRESSB, BOILB, NPRESSB, NOILB

BRCONB, BCCONB, BLCONB

SRCONB, SCCONB, SLCONB

NCB, BOREB, ARMB, CONLB

NVCB, SDEGB, TRB, VLB

FMB, SCB, PLB, BRB

RDALTB, RLALTB

DVB, RCB, NVB

PCB, PISLB

G1,G2,G3,G4,G5,GD

CDB, AREAB, FRB, MGB, WR

" o . §
YOy ANJUNN DI YsznouAILAIY

RCRANKIL, RCRANKH
CRANKLL, CRANKLH
CCRANKL, CCRANKH
BRCONL, BRCONH
BCCONL, BCCONH
BLCONL, BLCONH
SRCONL, SRCONH
SCCONL, SCCONH
SLCONL, SLCONH
BPRESSL, BPRESSH
BOILL, BOILH
BOREL, BOREH



VISL,VISH

ARML, ARMH

RDALTL, RDALTH

RLALTL, RLALTH

CONLL, CONLH

PISLL, PISLH

DVL, DVH

RCL, RCH

PCL, PCH

FML, PMH

SCL, SCH

PLL, PLH

BRL, BRH

TRL, TRH

VLL, VLH

QL, QH

CDL, CDH

AFL, AFH

FRL, FRH
 MGL,MGH
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fmivmetnedgdnuuzvesdulsnseonuruuazyrdulinsoonuuy

Yoty
ugatlanine 1l

VIS
RCRANK
CRANKL'
CCRANK
BN
RKB
EMB
ECB
CONDP
EVAPP
BCOMB
SCOMB
BPRESS
BOIL
NPRESS
NOIL
BRCON
BCCON
BLCON
SRCON
SCCON
SLCON
NCB
BORE
ARM
CONL
NVCB
SDEGB
TR

BR

VL

™

SC

PL
RDALTB

EHD 0D N R ND

"

W n w8105 n e »nnnnpn

ABSOLUTE VISCOSITY

RADIUS OF CRANK-SHAFT BEARING

CRANK-SHAFT BEARING WIDTH

RADIUS CLEARANCE IN CRANK-SHAFT BEARING
AMOUNT OF BEARING SUPPORT

REFRIGERANT ISENTROPIC INDEX

MECHANICAL EFFICIENCY

COMPRESSION EFFICIENCY

CONDENSER PRESSURE

EVAPORATOR PRESSURE

PISTON BORE AT COMPRESSOR

COMPRESSOR STROKE LENGTH

PRESSURE RING SURFACE DEPTH

OIL RING SURFACE DEPTH

AMOUNT OF PRESSURE RING

AMOUNT OF OIL RING

RADIUS OF CONNECTING ROD BEARING AT BIG-END
RADIUS CLERRANCE IN' CONNECTING ROD BIG-END
CONNECTING ROD BEARING WIDTH AT BIG~END
RADIUS OF CONNECTING ROD BEARING AT SMALL-END
RADIUS CLEARANCE IN CONNECTING ROD SMALL~END
CONNECTING ROD BEARING WIDTH AT SMALL-END
NUMBER OF CYLINDER

PISTON BORE

CRANK ARM

CONNECTING RCD LENGTH

'NUMBER VALVE PER CYLINDER

STARTING ANGLE

TIP RADIUS OF CAM

BASE RADIUS OF CAM

VALVE FOLLOWER LIFT

VALVE FOLLOWER MASS

SPRING STIFFNS3

VALVE PRELOAD

.ROTOR DIAMETER OF ALTERATOR

e ww 3 e am an

ar 28 am w% aw we

#é sv we e sm ae ae ww

{Pa.s)
(m)
(m}
(m}

(Pa)
(Pa)
(m}
{m}
(mm)
()

(m)
{m)}
(m)
{m)
{m}
{(m)

(m)
(m)
(m)

(deg.)
(rmm)
{remn)

{ rm)
(rmm)
{N/m}
{N)

{m)



184

RLALTE = ROTOR LENGTH OF ALTERATOR . 1 im)
oV, = INLET VALVE DIAMETER : (m)
RC = COMPRESSION RATIO
NVB = NUMBER OF INLET VALVE PER CYLINDER
PC = PISTON CLEARANCE : (m)
PISL = PISTON SKIRT LENGTH ' : {(m)
G = GEAR RATIO IN 1-5 AND DIFFERENT
od = DRAG COEFFICIENT .
AREA = FRONTAL AREA t (m*3)
FR = ROLLING COFFICIENT ‘
MG = VEHICLE MASS , ' : (kg)
WR = WHEEL RADIU3 t (m)
4.0 X 1 [ ] p J
émmé’manum sdunlaniiénusnomenins 1
Snus B AOMDETHIDEY -nouamuﬂ:m:oanuum'm baseline engine data
. [ 4
6NY3 L ABNIBIEHIDD uoqamﬂumamuﬂ: ﬂﬂ»lmqﬂ(lowar limit)
. . ¥ adl® £ 408 ) BN o
$nus 1 aeMmoesvo veyaniuraiails Ny 21gIgRupper limit)
. . . o ‘ £4 3 ] v -
oNA200IYH AUYT MG INOUSNNT B, L LAY H AEMIBENINGIN
McB 9TiiuALASDONINILIN baseline engine data
v [] - 4 . :
MeL vsitiuvoyayIadInls HrdsRigaGower Limit)
4 » Z a°
mer sxiiiuweyariedals N¥9gagAupper limit)
. - ' [ 4 - 4 .v J
melutonquuoysdanlsnanuaaslanei
CONDP = CONDENSER PRESSURE . : {Pa)
EVAPP = EVAPORATOR PRESSURE : (Pa)
RKB = REFRIGERANT ISENTROPIC INDEX
EMB = MECHANICAL EFFICIENCY
ECB = COMPRESSION EFFICIENCY
NCB = NUMBER OF CYLINDER
BN = AMOUNT OF BEARING SUPPORT
NPRESS = AMOUNT OF PRESSURE RING
NOIL = ARMOUNT OF OIL RING
NVCB = NUMBER VALVE PER CYLINDER
. SDEGB = STARTING ANGLE : {deg.)
NVB = NUMBER OF INLET VALVE PER CYLINDER
G = GEAR RATIQ IN 1-5 AND DIFFERENT
WR = WHEEL RADIUS : (m)

- » L d ' . ¥ ’v ‘
dmivveymloumaauilsnisesniuyonuviveyn base.dst BINIOLRITAAIR

.0136 0.024 0.022 2.4E-5 5. 2500.

.136 0,8 0.7 1530E+3 255E+3 0.047 0.047
.5 1.1 21

.024 3,5E-5 0.022

.011 1.8E-5 0.022

0.081 0.0385 0.14

31 2.5 10

.1 24060 155 15.9

.115 0.1
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0.03 9.5 2
0.00007 0.04
3.166 1.904 1.31 0.969 0.815 4.059
0.33 1.94 0.01536 1110 0.281
0.021 0.026
0.02 0,024
2.2B-5 2,7E-5
0.021 0.026
3.18E-5 3.85E-5
0.02 0.024

0.01 0.012
1.62E-5 2E-5
0.02 0.024"

3. 3.85

1. 1.21

0.07 0.09

0.012 0,015
0.0346 0.042
0.1 0.125
0.09 0.11

0.12 0.16

0.036 0.044
0.027 0.033

8.5 10.5
0.00006 0,00008
0.09 0.15
21600. 26400.
140. 170.

14. 17.5

2.2 2.75

9. 11.

2300. 2700,

0.3 0.36

1.75 2.

0.0145 0.0168
1000 1200
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Charddd - 2221111 1 PES . _._.__ ________ LA a2t LTl
c ‘ PROGRAM POR DETERMINATION NET INDICATED POWER C
Chhdhho o i o o o el A i W v e e e e e . B e e R O whkkkaC

PROGRAM INDICATE
DATA DEGl/-lBO./,DEGZ/lBO./,GRAM/1.3/,RC/9.5/,NC/4./,DBHHG/13550./
$,B/0.081/,A/0.0385/,CL/o;14/,C/4/,RCL/8.5/,RCH/10.5/,CLL/0.12/,
scnnlo.16/,DBG&1L/-30./.DEG&lH/—zo./,DEGBL/36./,DEGBH/44./,anlz./,
$DV/0.03/
DHE = 10.
PE = 9_.81*DENHG*DHE*0.0254/1000.
PI = 2.*ASIN(1.)
PA = 101.325

Cii*ii- e o . e A g e e FTE R & & & 1 3 T pe——— P P ke *ii**ﬁ'c
C CONSTANT VALUE FOR CALCULATION . o
Cc DENHEG = WERCURY DENSITY : (kg/m~3) C
C DEG1 = CRANK ANGLE AT BDC IN COMPRESSION STROKE : (degree} C
C DEG2 = CRANK ANGLE AT BDC IN EXPANSION STROKE : {(degree)} C
o] PA = AMBIENT PRESSURE : ¢ {(kPa) C
c PE = EXHAUST PRESSURE AT FULL LOAD : (kPa) C
c CL = CONNECTING ROD LENGTH : (m} C
c A = CRANK RARM : (m}) C
o B = PISTON BORE : (m) c
o QIN = HEAT ADDITION : (J/cycle/cylinder)C
c C = INDEX OF FRACTION OF THE HEAT RELEASE c
c NC = NUMBER OF CYLINDER c
Cc RC = COMPRESSION RATIO c
c NV = AMOUNT OF INLET VALVE c
c GRAM = SPECIFIC HEAT RATIC (o]
c*ﬁ'**i’ _______________________ P R R R R N ——————— PR P iﬁitttc

WRITE(6,*) ' PLEASE ENTER DATA TO CALCULATE INDICATED POWER '

WRITE(6,*) ' ENTER HEAT ADDITION : (J/cycle/cylinder)’

READ(*,*) QIN
WRITE (6,*) ' ENTER ENGINE SPEED TO CALCULATION : (RPM)'

READ (*,*) RPM
WRITE{6,*) ' ENTER AMOUNT OF INTERVAL OF PARAMETERS : (TIMES)'
READ (%, *) M
DDEGS1 = (DEGS1H-DEGS1L)/M
DDEGB. = (DEGBH-DEGBL) /M
C.....CALCULATION AT BASELINE DATA
OPEN (UNIT=1, FILE='RESULT1.OUT', STATUS="QLD"'}
WRITE(1,*) ' INDICATED POWER BASELINE DATA '
WRITE(6,*) ' INDICATED POWER BASELINE DATA '
WRITE(1,*) ' '
WRITE(6,*) ' '
IF (RPM.LE.1300.} THEN
DH = 9.9
ELSE
IF (RPM.LE.1700.) THEN
DH = 10.2
ELSE
IF (RPM.LE.2000.) THEN
DH = 11.
ELSE
IF (RPM.LE.2400.) THEN
DH = 12.
ELSE
IF (RPM.LE.2700.) THEN
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DH = 13.
ELSE
IF (RPM.LE.3000.) THEN
DH = 13.7
ELSE
IF (RPM.LE.3400.) THEN
DH = 14.9
BLSE
IF (RPM.LE.3700.) THEN
DH = 15.9
ELSE
I* (RPM.LE.4000.) THEN
DH = 16.5
ELSE
WRITE(*,*} ' OVER ENGINE SPEED '
ENDIF
ENDIF
ENDIP
ENDIF
ENDIF
ENDIF
ENDIF
ENDIF
ENDIF
DEGS1
DEGB
DEGS1B
DEGBB
DBEGS2
R

=26.

40.

-26.

40.

DEGS1+DEGB

CL/A

2.*R*PI* (B**2.) /4.

vD/ (RC~1.)

VC + A*PI%(B**2.)*( R + 1. - COS(PI*DEG1/180.)

~SQRT (R**2.-SIN(PI*DEGL/180.)**2.) }/4.

V2 = VC + A*PI*(B**2.)*( R + 1. - COS(PI*DEGS1/180.)
-SQORT (R**2.-SIN(PI*DEGS1/180.)**2.) ) /4.

V3 = VC + A*PI*(B**2 )*( R + 1. - COS(PI*DEGS2/180.)
-SQRT {R**2.~-SIN(PI*DEGS2/180.)**2.) )/4.

V4 = VC + A*PI*(B**2 )*{ R + 1. - COS(PI*DEG2/180.)
~SQRT (R**2.-SIN(PI*DEG2/180.)**2.) })/4.

Pl = 9,81 *DENHG*DH*0.0254

C.....TRIS PART CALCULATE P~V DIAGRAM IN COMPRESSION STRCKE

vD
vC
vl

w LW 40 An

N = 200
SUM1 = 0.
DDEG) = (DEG1-DEGS1)/N
DO 9 I =0,N .
DEGX1 = DEG1-I*DDEGl
VKL = VC + A*PI*((B**2.)/4.})*{ R+ 1. - COS(DEGX1*PI/180.)

$ =-SQRT (R**2.~SIN(DEGX1*PI/180.)**2.} )

PX1 = P1*(V1/VX1)**GRAM
DVl = A*PI*((B**2.}/4.)*{ SIN{PI*DEGX1/180.) +
$ 0.5*SIN(2.*DEGX1*PI/180.) /
$ SQRT{R**2.-SIN(DEGX1*PI/180.)**2.) }*{(PI/180.)

WXl = PX1*DV1
SUM1 = SUM1 + WXl
90 CONTINUE o
WX01l = P1*A*PI* (B**2.)*( SIN(DEG1*PI/180.) +

3 0.5*SIN({2.*DBG1*PI/180.) /
3 SORT (R**2.-SIN(DEG1*PI/180.)**2.) )/4.
WXN1 = (P1*(V1/V2)**GRAM)*A*PI*(B**2.)*( SIN(PI*DEGS1/160.) +
$ 0.5*SIN(2.*DEGS1*PI/180.) /
$ SQRT{R**2.-SIN(DEGS1*PI/180.)**2.) ) /4.
POWERL = (-WXO01-WXN1 + 2.*SUM1)*(~DDEG1)/2.
C..... THIS PART CALCULATE P~V DIAGRAM DURING COMBUSTION PERIOD
: N = 200
SUM2 = 0.

DDEG2 = DEGB/N
PREQ0 = PX1 ’



DEGO
DO 190 I
DEGX2

wx2
suM2
SLOPE

8 4o 4D

PRE1
PREO
190 CONTINUE
wxX20
s ;
8
WAZN

DEGS1

o,N ,

DEGS1+I*DDEG

VC + AYPI*(B**2.}*{ R + 1. - COS(DEGX2*PI/180.)

-SORT {R**2.-SIN{DEGX2*PI/180.)**2.) ) /4.
A*PI*((B**2.)/4.)*( SIN(DEGX2*PI/100.} +
0.5*SIN(2.*DEGX2*PI/1680.) /

SQRT (R**2.-SIN(DEGX2*PI/160.)**2.) ) * {P1/100.)
PREG*DV2

SUM2 + WX2
(Ganu-1)/vxz*orn*clnzca*(((D:ze-nscs1)/nzss)**(c-1))*
EXP( -((DBEGX2-DEGS1) /DEGB)**C ) - GRAM*PREQ/VX2*A* (PI*
(B*%2) /4.)*(PI/180.)*( SIN(DEGX2*PI/180.) +
0.5*SIN(2.*DEGX2*PI/180.)/

SQRT (R**2.-SIN (DBGX2*PI/180.)**2) )

PRED + SLOPE*DDEG2

PRE1

(P1* (V1/V2) **GRAM) *A*PI* (B**2.)*( SIN(DEGS1*PI/180.) +
0.5*SIN(2.*DEGS1*PI/180} / '
SQRT (R**2,-SIN(DEGS1*PI/180.)**2.) ) /4.

w2

POWERZ = (-WX207ﬂX2N+2.*SUH2)*(DDBGZ)/Z.
C.....THIS PART CALCULATE P-V DIAGRAM IN EXPANSION STROKE

P3

N

suM3
DDEG3

DO 250 I
DEGX3
VX3

PX3
Dv3

3
3
WX3
SUM3

290 CONTINUE
WX03

WXN3

i 4n 40 10

POWER3

=
=
=
=
m
=

=

PREO
200

0.

(DEG2-DEGS2) /N

o,N

DEGS2+I*DDEG3 ' .

VC + A*PI*(B**2.)}*( R + 1. - COS(PI*DEGX3/180.)
-SQRT (R**2,-SIN(PI*DEGX3/180.)**2.) )/4.

P3¥ (V3 /VX3) **GRAM

A*PI* ((B**2.)}/4.)*({ SIN(PI*DEGX3/180.) +
0.5*SIN(2.*DEGX3*PI/180) /

SQRT (R**2.-SIN (DEGK3*PI/180.)**2.) )*(PI/180.)
P3*DV3 ‘

SUM3 + WX3

p3*A*PI* (B**2.)*( SIN(DEGS2*PI1/180.) +
0.5*SIN(2.*DEGS2*PI/180.) /

SQRT (R**2.~SIN(DEGS2*PI/180.)**2.) }/4.

(P3* (V3/V1) **GRAM) *A*PI* (B**2,.)* ( SIN(PI*DEG2/180.) +
0.5*SIN(2.*DEG2*PI/180.) /

SORT (R**2.-SIN(DEG2*PI/180.)**2.} }/4.
{~WXO3-WXN3+2.*SUM3)} * (DDEG3) /2.

Cesess.SHOW RESULTS FROM CALCULATION
POWER = POWER1+POWER2+POWER3
CALL PUMPING(RPM,DH,NC,B,A.DV,RC,NVB,DENHG,PE,PA,PPUHP,PI)
WNTB = (POWER/lOOO.)*NC*RPH/(Z.*GO.)-PPUMP/lOOO

 CRH KR K e ————— Bod A R e H o om om mm m  m m m m m m n m m m  r wkk ok kN

PMAX1 = 0.
DO 1000 J1 = O,M '
‘ OPBN(UNIT=1,FILE='RESULT1.0UT',STAIUS='OLD'}

DRC

{RCH-RCL) /M

RC = RCL+J1*DRC
WRITE(1,*) RC
WRITE (6,*) RC

WRITE(1,*)

r o

DO 2000 52 = O, M

DCL
CL
R
WRITE (1,

WRITE(1,*)

{CLH-CLL) /M
CLL+J2*DCL
CL/A

*) CL
WRITE({6,*) CL

DO 3000 33 = Q,M
DEGB = DEGBL+J3*DDEGB

188
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OPEN (UNIT~1, FILE='RESULT1.0UT', STAIV9='0LD")
- WRITE(1,1001) DEGB
WRITE (6,1001) DEGB
WRITE(1,*) ' ' ‘
1001 PORMA?T (2X, 'COMBUSTICN DURATION (degres) : *,F9.2)
DO 4000 J4 = 0O, M -
‘ . DEGS1 = DBEGS1L+J4*DDEGS1
OPEH(UNIT-l,rIL!-'RBSULEI.OUT',STAIUS-'OLD')
DEGS2 = DEGS1+DEGB
CL/A
2. %A*DPI* (B**2 ) /4.
vD/ (RC-1)
VC + A'PI*(B**2.)*( R + 1. - COoS (PI*DEG1/180.)
—SQRT(R**Z.-SIH(PI*DEGI/lBO.)'*2.} i1/4.
= VC + A'PI*(B**2 . }*( R + 1l. - COS (PI*DEGS1/180,)
~SQRT (R**2,=-SIN({PI*DEGS1/180.)**2.) ) /4.
V3= VC + API*(B¥*2.)*( R + 1. - COS (PI*DEGS2/180.)
-SQR!(R**Z.—SIN(PI*DBGSZ/IBO.}**2.} Y/4.
Vi = VG + A*PI*(B**2 . )*( R + 1. - COS (PI*DEG2/180.,)
-SORT (R**2 . -SIN(PI*DEG2/180.)**2.) /4.
Pl = 9,.81*DENHG*DH*0.0254
C.....THIS PART CALCULATE P-V DIAGRAM IN COMPRESSION STROKE

3 983»

L B L o

N = 200
SUML = 0.
DDEGl = (DEG1-DEGS1)/N
DO 100 I = Q,N
DEGX1 = DEG1l-I*DDEG1
VX1 = VC + A*PI*((B**2.)/4.)*( R + 1. - COS(DEGX1*PI/180.)
$ -3QRT (R**2.-SIN(DEGX1*PI/180.)**2.) )
PX1 = P1*(V1i/VX1) **GRAM
DVl = A*PI*({B**2.}/4.)*( SIN(PI*DEGX1/180.) +
$- 0.5*$IN(2.*DEGX1*PI/180.) /
$ SQRT (R**2 ,~SIN(DEGX1*PI/180.)**2.) )}*(PI/180.)

WXl = PX1*DV1
’ 5UMl = SUM1 + WXl
100 CONTINUE
WX01 = PL*A*PI* (B**2,.)*( SIN(DEGL*PI/180.} +
0.5*SIN(2.*DBG1*PI/180.) / '
SORT (R**2.-SIN(DEG1*PI/180.})**2.) )/4.
WXN1 = (P1*(V1/v2)**GRAM)*A*PI*{B**2,)*( SIN(PI*DEGS1/180.) +
0.5*SIN(2,*DEGS1*PI/180.) /
SQRT (R**2,-SIN(DEGS1*PI/180.)**2.) )/4.
POWER1 = (-WX01-WXN1 + 2.*SUM1)*(-DDEG1}/2.
C.....THIS PART CALCULATE P~V DIAGRAM DURING COMBUSTION PERICD

5 40 o 1

N = 200
SUM2 = 0.
DDEG2 = DEGB/N
PREO = PX1
DEGO = DEGS1
DO 200 I = O,N
DEGX2 = DEGS1+I*DDEG2
. VX2 = VC + A*PI*(B**2.})*({ R + 1. - COS(DEGX2*PI/180.)
3 =SORT {R**2.-SIN(DEGX2*PI/180.)**2.) ) /4.
DV2 = A*PI*((B**2.)/4.)*( SIN(DEGX2*PI/180.) +
3 0.5*SIN(2.*DEGX2*PI/180.) /
$ - SQRT(R**2.-SIN(DEGX2*PI/180.)**2,) )}*{PI/180.)
WX2 = PREO*DV2
SUM2 = SUM2 + WX2
SLOPE = {GRAM-1)/VX2*QIN*C/DEGB*({(DEGX2-DEGS1)/DEGB)** (C~1))*
$ EXP( -{ (DEGX2-DEGS)) /DEGB)**C ) - GRAM*PREO/VX2*A¥* (PI*
$ (B**2) /4.)*(PI/180.)*( SIN(DEGX2*P1/180.) +
.8 0.5*SIN(2.*DEGX2*PI/180.)/
$ _SQRT (R**2.-SIN(DEGXZ2*PI/180.}**2) }

PRE1 = PREO + SLOPE*DDEG2
PRE0 = PRE1
200 CONTINUE . ‘
WK20 = (P1*(V1/V2)**GRAM)*A*PI*(B**2,)*( SIN(DEGS1*PI/180.) +
$ 0.5*SIN(2.*DEGS1*PI/180) /



SORT (R**2,-SIN(DEGS1*PI/180.)**2.) }/4.
WX2N = WX2
POWER2 = (-WX20-WX2N+2.*SUM2)* (DDEGZ) /2.
C.....THIS PART CALCULATE P~V DIAGRAM IN EXPANSION STROKE

P3 = PRED
N = 200
SUM3 = 0O,
DDEG3 = (DEG2-DEGS2)/N
DO 300 I = O,N
DEGX3 = DEGS2+I*DDEG3
VX3 = VC + A*PI*(B**2.)*{ R + 1. - COS(PI*DEGX3/180.)
L] -SQRT (R**2,-SIN(PI*DEGX3/180.)**2.) }/4.
PX3 = P3*(V3/VX3) **GRAM
DV3 = A*PI*((B**2.)/4.)*{ SIN{PI*DEGX3/180.} +

0.5*SIN{2.*DEGX3*P1/180) /
SQRT (R**2,-SIN (DEGX3*PI/180.)**2.) )*(PI/180.)
WX3 = P3*DV3
SUM3 = SUM3 + WX3
300 CONTINUE
W{03 = PI*A*PI* (B**2,)*( SIN(DEGS2*PI/180.) +
0.5*SIN(2.*DEGS2*PI/180.) /
SQRT(R**2,-SIN(DEGSZ*PI1/180.)**2.) )/4.
WAN3 = (P3* (V3/V1)**GRAM) *A*PI*(B**2.)*{ SIN(PI*DEG2/180.) +
0.5*SIN(2,*DEGZ*PI/180.) /
SQRT (R**2.-SIN(DEG2*PI/180.)**2.) }/4.
POWER] = (-WX03-WXN3+2,*SUM3)* (DDEG3)/2.
C..s..5HOW RESULTS FROM CALCULATION
POWER = POWER1+POWERZ+POWER3
CALYL PUMPING (RPM,DH, NC,B,A, DV,RC,NVB, DENHG, PE, PA, PPUMP, PI)
" WNT = {POWER/1000. )‘NC*RPM/(Z *60 )= PPUHP/lOOO
WRITE(1,400) DEGSI1,WNT
WRITE(6,400) DEGS1,WNT

4 4

40 4 < 4

Ceovenes  DETERMINATION INDICATED POWER MAXIMUN
Civrun- FROM SPARK ADVANCE & COMBUSTION DURATION
1F (PMAX1.LT.WNT) THEN
PMAX1 = WNT
XMAX11 = DEGS1
XMAX12 = DEGB
XMAX2 = CL
XMAX3 = RC
ENDIF

400 FORMAT (2X,F8.2,T20,F8.2)
4000 CONTINUE
3000 CONTINUE
2000 CONTINUE
1000 CONTINUE

WRITE(1,*) '

WRITE (1, *) ' OPTIMUM PARAMETERS OF INDICATED POWER d
WRITE(6,*) '

WRITE (6,*) ' OPTIMUM PARAMETERS OF INDICATED POWER '
WRITE(1,500) RPM,DH

WRITE{1,501) XMAX11

WRITE(1,502) XMAX12

WRITE(1,*) ' '

WRITE (1,503) DEGS1B,DEGBB

WRITE{1,504) XMAX2

WRITE(1,505) XMAX3

WRITE(6,500) RPM,DH

WRITE (6,501} XMAX11

WRITE(6,502) XMAX12

WRITE(6,*) ' '

WRITE(6,503) DEGS1B,DEGBB

WRITE{6,504) XMAX2 -

WRITE (6,505) XMAX3 : '

500 FORMAT(2X,' AT ',2X,P7.2,' (RPM} : ',2X,F5.2,' (INCH)")

501 FORMAT (2X, ' SPARK ADVANCE AT ',T30,F7.2,' : (degrea) ')

502 FORMAT (2X, 'COMBUSTION DURATION ',T30,F7.2,' : {degree) '}

503 FORMAT (2X, 'SPARK ADV, AT ',F7.2,2X,' DURATION AT ',F7.2)
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504 !'OW{ZX,'CONNBCTING ROD LBHG'I'H ',730,F7.2," : (m) ')
505 FORMAT (2X, 'COHPRBSSION RATIO ,T30,PF7.2)
Corvwdd R AR AA N A st mm e e
WRITE(1,*) ' INDICATBD POWER OPTIMUM DATA '
WRITE(6,*) ' INDICATED POWER OPTIMUM DATA '

e ok e ok o

WRITE(1,*) ' !
WRITE(6,*) ' °'
OPEN (UNIT=1, PILE='RESULT1.0UT", STATUS="0OLD'}
RC = XMAX3
DEGB = XMAX12
DBEGS1 = XMAX1l
DEGS2 = DEGS1+DEGB : .
CL = XMAX2 ‘ :
R = CL/A
VD = 2,.*A*PI*(B**2.)/4.
VC = VD/{RC-1)
V1l = VC + A*PI*(B**2.)*( R + 1. - COS(PI*DEG1/180.)

-SORT (R**2 . -SIN(PI*DEG1/180.})**2.) )/4.

V2 w VC + AYPI*(B**2.)*({ R + 1. - COS{PI*DEGS1/180.)
~-SQRT (R**2 -SIN(PI*DEGS1/180.)**2.) }/4.

V3 = VC + A*PI*(B**2.)*( R + 1. - COS{PI*DEGS2/180.)
-SQRT (R**2,-SIN(PI*DEGS2/180,.)**2.) }/4.

Vi = VC + A*PI*{B**2.)*( R + 1. - COS(PI*DRG2/180.)
-SQRT (R**2.-SIN(PI*DEG2/180.)**2.) })/4.

Pl = 9.81*DENHG*DH*0.0254

C.....THIS PART CALCULATE P-V DIAGRAM IN COMPRESSION STROKE

4 4 42

N = 200
SUM1l = 0,
DDEGl = (DEG1-DEGS1)/N
DO 130 I = O,N
- DEGX1 = DEGl-I*DDEG1 _
VIl = VC + A*PI*{{B**2.)/4.)*( R + 1, - COS{DEGX1*PI/180.)

3 -SQRT (R**2.-SIN (DEGX1*PI/180.)**2.) )

PX1 = P1* (V1/VX1)**GRAM
DV1 = A*PI*{{B**2.}/4.)*( SIN(PI*DEGX1/180.) +
$ 0.5*SIN(2.*DEGX1*PI/180.) /
$ SQRT {R**2 .-SIN{DEGX1*PI/180,)**2.) )*(PI/180.)

WX1 = PX1*DV1
SUML = SUMLl + WX1
130 CONTINUE :

WX01 = P1*A*PI*({B**2.)*( SIN(DEG1*PI/180.) +
0.5*SIN(2.*DBG1*PI/180.) /

SORT (R**2 ,~SIN(DEG1*PI/180.)*%*2.) }/4.

WYN1 = (P1*(V1/V2)**GRAM)*A*PI*(B**2,)*( SIN{PI*DEGS1/180.) +
0.5*SIN{2.*DEGS1*PI/180.) /
SQRT(R**2.-SIN(DEGS1*PI/180.)**2.) ) /4.

POWER]1 = (-WXO01-WXN1l + 2.*SUM1)*{-DDEG1)/2.
C.....THIS PART CALCULATE P-V DIAGRAM DURING COMBUSTION PERICD

.
<5 10 1 1o

N = 200
SUM2 = Q.
DDEG2 = DEGB/N
PREQ = PX1
DEGQ = DEGS1
DO 230 I = O,N
DEGX2 = DEGS1+I*DDEG2
o VX2 = VC + A*PI*(B**2.)*{ R + 1. - COS(DEGX2*PI/180.)
$ -SQRT (R**2 ,-SIN(DEGX2*PI/180,)**2,) ) /4.
DV2 = A*PI*((B**2.)/4.)*( SIN(DEGX2*PI/180.) +
$ 0.5*SIN(2.*DEGX2*PI/180.) /
] SQRT (R**2.~SIN(DEGX2*P1/160.)**2.) y*{PI/180.)
WX2 = PREO*DV2
SUM2 = SUM2 + WX2
SLOPE = (GRAM-1)/VX2*QIN*C/DEGB* ({(DEGX2-DEGS51)/DEGB) ** (C-1)})*
$ EXP{ - ((DEGX2-DEGS1)/DEGB}**C ) - GRAM*PRED/VX2*R* (PI*
$ (B**2)/4.)*(PI/180.)*{( SIN({DEGX2*PI/180.) +
3 0.5*SIN(2.*DEGX2*PI/180.)/
$ SQRT (R**2, -SIN(DEGXZ*PI/lBO y*k2y) )

PRE]1 = PREQ + SLOPE*DDEG2



‘ PREO = PREl
230 -CONTINUE '
W20 = {Pl*(Vl/VZ)‘*GRhH)*AFPI*(B**Z.)'( SIN(DEGS1*PI/160.) +
0.5*SIN(2.*DEGS1*PI/180) /
SORT (R**2.-SIN{DEGS1*PI1/160.)*
WX2N = WX2 .
POWER2 = (-wx20-wx2n+2.*sun2)'{Dnzcz)/z.
C.....THIS PART CALCULATE P-V DIAGRAM IN EXPANSION STROKE

s .
$ *2.} )/4.

P3 = PREO
N = 200
SuM3 = 0.
DDEG3 = (DEG2-DEGS52)/N
DO 330 I = O,N
DEGX3 = DEGS2+I*DDEG3 ,
VX3 = VC + API*(B**2.)*{ R + 1. - COS(PI*DEGX3/180.)
s -SQRT (R**2.-SIN(PI*DEGX3/180,)**2.) }/4.
PX3 = P3* (V3/VX3)**GRAM
DV3 = A*PI*{(B**2.)/4.)*( SIN(PI*DEGX3/180.) +
$ 0.5*SIN(2.*DEGX3*PI/180) /
5 SQRT(R**2.-SIN(DEGX3*PI/180.)**2,) )*(PI/180.)
WK3 = P3I*DV3
SUM3 = SUM3 + WX3
330 CONTINUE
WKO03 = PI*A*PI*(B**2.)*( SIN(DEGS2*PI/180.) +
$ 0.5*SIN(2.*DEGS2*PI/180.) / .
$ SORT (R**2 . ~SIN(DEGS2*PI/180.)**2.) )} /4.
WXN3 = (P3* (V3/V1) **GRAM) *A*PI* (B**2.)*( SIN(PI*DEG2/180.) +
$ 0.5*SIN(2.*DEG2*PI/180.) /
$ SORT (R**2.~-SIN(DEG2*PI/180.)**2.) }/4.

POWER3 = (-WX03-WXN3+2.*SUM3)* (DDEG3)/2.
$HOW RESULTS FROM CALCULATION
POWER = POWER1+POWER2+POWER3

CALL PUMPING (RPM,DH,NC,B,A,DV,RG,NVB, DENHG, PE, PA, PPUMP, PI)

WNTO = (POWER/1000.)*NC*RPM/{2.%60.)-PPUMP/1000

DWNT = (WNTO-WNTB)/WNTE*100
WRITE(1l,*) ' COMPARATIVE BASELINE WITH OPTIMUM DATA '
WRITE(1,*) ' BASELINE DATA : OPTIMUM DATA : IMPROVEMENT '
WRITE(6,*) ' COMPARATIVE BASELINE WITH OPTIMUM DATA '
WRITE(6,*) ' BASELINE DATA : OPTIMUM DATA : IMPROVEMENT °

.
H

WRITE (1,333}
WRITE (6,333)

FORMAT (2X,F7.

WNTB, WNTOQ, DWNT
WNTB, WNTO, DWNT
2,2X%,F7.2,2%,F7.2)

STOP

SUBRQUTINE FOR PUMPING LOSSES

_______________________ e W e ok i e e

SUBROUTINE PUMPING{RPM,DH,NC,B,A,DV,RC,NVB, DENHG, PE, PA, PPUMP, PI)

PIA = 9.81*DENHG*DH*0.0254/1000
CIMEP = 12.87*PA* ((PIA/PA)-0.1)
PIG = PA-(CIMEP/12.8)-10.14
F = (NVB*NC* (DV**2))/(2*A*PI*NC* (B**2) /4)
PPUMP = (PA-(CIMEP/12.8)-10.14+PE*(((CIMEP*RPM)/(3904000}))**2) +
3 8.9667* (SQRT(CIMEP/1124.3) ) * ({RPM/1000) **1.7)
] *((2.984/F)**1,28) + (SQRT((PA-PIG)/97.94))
3 *{11.86*%(RC**0.4)-(3.38+0.103*RC)* { (RPM/1000)**1,185)))
3 *1000* {2*A*PI*NC* (B**2) /4) * (RPM/120}
RETURN

END
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PROGRAM FOR CALULATION ENGINE POWER REQUIRED

C
c
Cc

WRITEN BY
MR. PATRAT LERTARAYAPONG

Chededrike e

PROGRAM ENGINE

C——==—————-=-READ DATA FROM BASELINE AND LIMIT DATA ¥ILE

AIRDEN
DENHG
FCOE
CORRK
RALT
PCLE
RCOM
NCOM
DHE
RP

RO

PI
PA
ESM
EC

XN ReRe R Ne et Re e e Re e ReReReRe s ReRe e
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CONSTANT VALUE FOR CALCULATION

ATIR DENSITY
MERCURY DENSITY

FRICTION COBFFICIENT IN CAM SURFACE

PULLEY RATIO AT COMPRESSOR
NUMBER OF CYLINDER AT COMPRESSOR
PERCENT CLEARANCE AT COMPRESSOR

PERCENT BETWEEN MECH., LOSS WITH TOTAL LOSS

CORRECTION FACTOR OF RLTERNATOR
PULLEY RATIQ AT ALTERNATOR
PRESSURE. RING CONSTANT

OIL RING CONSTANT

AMBIENT PRESSURE

EXHAUST MANIFOLD PRESSURE AT FULL LOAD

OIL MINIMUM THICKNESS

EXHAUST MANIFOLD PRESSURE AT FULL LOAD
ECCENTRICITY RATIO IN CRANK-SHAFT BEARING
ECCENTRICITY RATIO IN CONNECTION ROD BIG-END
ECCENTRICITY RATIO IN CONNECTION ROD SMALL-END

ENTHALPY AT SATURATED VAPOUR
ENTHALPY AT SATURATED LIQUID
SPECIFICE VOLUME OF REFRIGERANT

.
.

(kg/m~3)
{kg/m*3)

(%)

{kPa)
{INCH)
()
{kPa)

{(kJ/kg)
{kJ/kg)
{m*3/kg) C

aanqaaaaacaaaoaoaaoaoaaaqaaan

HRH AN - - e e e e o o Tl W T i N W o e o —— — — d e e ok (T

OPEN (UNIT=7, FILE=~"BASE,.DAT', STATUS='0LD")
READ(7,*) VISB,RCRANKB, CRANKLB,CCRANKE, BN, QB
READ(7,*) RKB,EMB,ECB,CONDP,EVAPP,BCOMB, SCOMB

READ(7,*) BPRESSB,BOILB,NPRESSB,NOILB



a0 0000000000000

READ(7,*)

. READ(7,*)

READ(7,*)
READ(7,*)
READ(7,*)
READ({7,*)
READ (7, *)
READ (7, *)
READ (7, *)
READ(7,*)

BRCONB, BCCONB, BLCONB
SRCONB, SCCONB, SLCONB
NCB, BOREB, ARMB, CONLB
NVCB, SDEGB, TRB, VLB
FMB, SCB, PLB, BRB
RDALTB, RLALTB

DVB, RCB, NVB

PCB, PISLB
G1,G2,6G3,G4,G5,GD
CDB, ARBAB, FRB, MGB, WR

-DATA LIMIT FOR CALCULATION

nﬁin(v,-)

READ(7,*Y

READ({7,*)
READ (7,*)
READ (7,*)
READ(7,*)
READ (7, *}
READ(7,*)
READ({7,*)
RERD(7,*)
READ(7,*)
READ (7, *)
READ(7, *)
READ (7, *)
READ(7,*}
READ (7, *)
READ (7, *)
READ (7, *)
READ (7, *)
READ(7,*)
READ(7,*)
READ(7,*)
READ(7,*)
READ (7, *)
RRAD (7, *}
READ(7,*)
READ (7,*)
READ (7, *)
REARD (7, *)
READ (7, *})
READ(7,*)
READ(7,*)

Bopans B0 wua

ROnweodonan B0 N

RCRANKL, RCRANKH
CRANKLL, CRANKLH
CCRANKL, CCRANKH
BRCONL, BRCONH
BCCONL, BCCONH
BLCONT,, BLCONH
SRCONL, SRCONH
SCCONTL, SCCONH
SLCONL, SLCONH
BPRESSL, BPRESSH
BOILL,BOILH
BOREL, BOREH
VISL,VISH

ARML, ARMH
RDALTL, RDALTH
RLALTL, RLALTH
CONLL, CONLH
PISLL, PISLH
DVL,DVH

RCL, RCH

PCL, PCH

FML, FMH

5CL, SCH

PLL, PLH

BRL, BRY

TRL, TRH

VLL, VILH

QL, Q"

CDL, CDH

AFL, AFH

FRL, FRH
MGL , MGH

ENGINE PARAMETERS

ABSOLUTE VISCOSITY

RADIUS OF CRANK-SHAFT BEARING

CRANK-SHAFT BEARING WIDTH

RADIUS CLEARANCE IN CRANK-SHAFT BERRING
AMOUNT OF BEARING SUPPORT

REFRIGERANT ISENTROPIC INDEX

MECHANICAL EFFICIENCY

COMPRESSION BFFICIENCY

CONDENSOR PRESSURE

EVAPOURATOR PRESSURE

PISTON BORE AT COMPRESSOR

COMPRESSOR STROKE LENGTH

PRESSURE RING SURFACE DEPTH

OIL RING SURFACE DEPTH

AMOUNT OF PRESSURE RING

AMOUNT OF OIL RING

RADIUS OF CONNECTING ROD BEARING AT BIG-END
RADIUS CLEARANCE IN CONNECTING ROD BIG-END
CONNECTING ROD BEARING WIDTH AT BIG-END
RADIUS OF CONNECTING ROD BEARING AT SMALL-END
RADIUS CLEARANCE IN CONNECTING ROD SMALL-END
CONNECTING ROD BEARING WIDTH AT SMALL~END
NUMBER OF CYLINDER

P1STON BORE

B AE 49 44 20 ew

aa ap By 4e 44 an

(Pa.s)
(m)
{m)
(m)

{Pa)
{Pa)
{m)
(m)
(mm}
(roon )

(m})
{m}
{m}
{m)
{m)
(ma}

{m}

- Tt de e R W W W W s o o e e e - LA LA A 2 ]

A0 a0000Q00000000000
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{m)
(m)

{deg.)
{mm)
{mm)
(mm)
{mm)
{(N/m)
(N}
(m}

(m)

{m)

CRANK ARM

CONNECTING ROD LENGTH

NUMBER VALVE PER CYLINDER
STARTING ANGLE

TIP RADIUS OF CAM

BASE RADIUS OF CAM

VALVE FOLLOWER LIFT

VALVE FOLLOWER MASS

SPRING STIFFNSS

VALVE PRELOAD

ROTOR DIAMETER OF ALTERATOR

ROTOR LENGTH OF ALTERATCR

INLET VALVE DIAMETER

COMPRESSION RATIC

NUMBER OF INLET VALVE PER CYLINDER
PISTON CLEARANCE

PISTON SKIRT LENGTH

GEAR RATIO IN 1-~5 AND DIFFERENT
DRAG COEFFICIENT

FRONTAL AREA

ROLLING COFFICIENT

VEHICLE MASS : (kg)
WHEEL RADIUS : {m)

4% 8N S UE A2 EF %8 A4 s wm

(m}
(m)}

(m~3)

0000N0aAAONNANAaANA00NON0

ci***i - W R W TN N e A e e e T e e e e e e T bk ok
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MAIN PROGRAM FOR CALCULATION PCWER LO33 c

cii*** ___________________ et v T T W W W W s e o e e i e e e o e wkodr ok ko O

WRITE(6,*) ' ENTER AMOUNT OF INTERVAL OF PARAMETERS : (TIMES)'
READ (*,*) N

WRITE(6,*) ' ENTER ENGINE UPPER LIMIT SPEED : (RPM)*
READ (*,*) RPMH

WRITE(6,*) ' ENTER ENGINE LOWER LIMIT SPEED ¢ (REM)'
READ(*,*) RPML

WRITE(6,*) ' ENTER AMOUNT OF INTERVAL OF ENGINE SPEED - : (TIMES)'
READ (*,*) RPMN

WRITE (6,*) ' ENTER AMBIENT PRESSURE : (APPROX 30 INCH)'
RERD(*,*) DHH .
WRITE (6,*) ' ENTER LOWER MANIFOLD PRESSURE LIMIT : (INCH)'

READ (*,*) DHL
WRITE(6,*) ' ENTER AMOUNT OF INTERVAL OF MANI-PRESSURE : (TIMES)'
RERD(*,*) M
RPMMAX = RPMH
POINT = 1
CALL Pl (N, RPMH, RPML, RPMN,VISL,VISH, ARML, ARMH, CONLL, CONLH,
BRCONL, BRCONH, BCCONL, BCCONH, BLCONL, BLCONH, SRCONL , SRCONH,
SCCONL, SCCONH, SLCONL, SLCONH, VISB, NCB, CONLB, ARMB, BRCONB,
BCCONR, BLCONB, SRCONB, SCCONB, SLCONB, PVIS , PCONL, PARM, PBRCON,
PBCCON, PBLCON, PSRCON, PSCCON, PRCON, PSLCON, E, ESM, PT, POINT,
RPMMAX )
POINT = 2
CALL P2 (N, RPMH, RPML, RPMN,VISB, RCRANKB, CRANKLE, CCRANKE, BN,
$ - VISL,VISH, RCRANKL, RCRANKH, CRANKLL, CRANKLH, CCRANKL , CCRANKH,
§  PVIS, PRCRANK, PLCRANK, PCCRANK, EC, PI, POINT, RPMMAX)
POINT = 3
CALL P3 (N, RPMH, RPML, RPMN,VISL, VISH, PCL, PCH, PISLL, PISLH, NCB,
$ARMM, ARML, BOREH , BOREL , BOREB, ARMB, VISB, PCB, PISLB, PVPIS, PCPPIS,
$PLPIS,PAPIS, PBPIS, PI, POINT, RPMMAX)
POINT = 4
CALL P4 (N, RPMH, RPML, RPMN,VISL,VISH, BPRESSL, BPRESSH,
$  BOILL,BOILH, BOREL, BOREH, ARML, ARMH, NCB, BOREB, ARMB,VISB, BPRESSB,
$  BOILE,NPRESSB,NOILB,H, PVRING, PBPRING PBORING, PBRING, PARING,
$  PI,RP,RO,POINT, RPMMAX)
POINT = 5
CALL PS5 (N, RPMH, RPML, RPMN, FML, FMH, SCL, SCH, PLL, PLH, BRL, BRH,
$  TRL,TRH,VLL,VLH,NVCB,NCB, PMB, SCB, PLB, BRB, TRB, VLB, SDEGB,
S  PFCAM, PSCAM, PPCAM, PBCAM, PTCAM, PVCAM, PI, FCOE, POINT, RPMMAX)
POINT = 6
CALL P6 (N, RPMH, RPML, RPMN, BCOMB, SCOMB, NCB, BOREB, ARMB, RKB, EMB, ECB,
SRDALTB, RLALTB, QH, QL, H1,H2, V1, RDALTL, RDALTH, RLALTL, RLALTH, RCOM,

40 4o o 0 W
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3NCOM,PCLE,BVAPP,CONDP,CORRK,RALT,PUP,PAIRQ,PALTD,PALTL,PI,POINT,
SFRAC, RPMMAX)
POINT = 7
CALL P?(N,RPHH,RPHL,RPHN,DHH,DHL,H,DVL,DVH,RCL,RCH,NCB,
3 BOREB,ARHB,BVB,RCB,NVB,D!NHG,PB,PA,PDPUHP,PRPUHP,PI,POINT,
$  RPMMAX) ;
POINT = 8
CALL PB(N,CDB,AREAB,FRB,HEB,WR,RFHH,RPHL,RPHN,CDL,CDH,A!L,A!H,
3 PRL,FRH,HEL,HEH,Gl,GZ,GB,GI,GS,GD,PI,AIRDEN,PAIRC,
3 PAIRA, PROLLF, PROLLM, POINT, RPMMAX)

STOP

END
Crehmk o PR T Ty,
c END OF THE MAIN PROGRAM c
Chawxn ———————— P ——— S T wrdkRAC
Chrdww e e KN K e o e ———t kRO
c (P1) SUBROUTINE FOR CONNECTING ROD . o]
L L L P ———— PP TY s —_— T T T

SUBROUTINE Pl(N,RPHH,RPHL,RPHN,VISL,VISH,ARHL,ARHH,CONLL,CONLH,
BRCONL,BRCONH,BCCONL,BCCONH,BLCONL,BLCONH,SRCONL,SRCONH,
SCCONL,SCCONH,SLCONL,SLCONH,VISB,NCB,CONLB,ARHB,BRCONB,
BCCONB,BLCONB,SRCOHB,SCCOHB,SLCONB,PVIS,PCONL,PARM,PBRCON,
PBCCON,PBLCON,PSRCON,PSCCON,PSLCON,PRCON,E,ESH,PI,POINT,
RPMMAX}

IF (POINT.EQ.1) THEN

RPMH = RPMMAX
RPMMAX = RPMMAX

ENDIF

DRPM = (RPMH-RPML)/RPMN

OPEN(UNIT=9,FILE='RESULT2.0UT',STAIUS-'OLD')

WRITE(9,*) 'POWER L0SS FROM CONNECTING ROD’

WRITE(9,*) ' * POWER LOSS VARY WITH ABSOLUTE VISCOSITY '

WRITE(9,*) ' ABSOLUTE VISCOSITY {(Pa.s) & POWER LOSS (w) !

Do 11 I = 0,REMN,1

Do 12 J = Q,N,1
DVIS = (VISH-VISL}/N

RPM = REML + I*DRPM
VIS = VISL + J*DVIS
C........SUBPROGRAM MAEN 1 FOR CALCULRTION MEAN ANGULAR VELOCITY
CALL MEAN1 (CONLB,ARME,VEMEAN], VSMEARN1)
PVIS = VIS*(BRCONB**B)*BLCONB*((Z*PI)/{BCCONB*SQRT(I‘E*'Z)))

WLy

3 * ((2*PI* (RPM/60) ) **2) *NCB*VBMEAN]1 +
3 VIS*(SRCONB**B)*SLCONB*((Z*PI)/(SCCONB*SQRT{I—ESH**Z)))
$ ¥ { (2*PI* (RPM/60)) **2) *NCB*VSMEAN1

WRITE (5,100) RPM,VLIS,FVIS
WRITE (6,100} RPM,VIS5, EPVIS

12 CONTINUE
WRITE(9,*) ' '
11 CONTINUE
100 FORMAT (1X,F7.2,3X,F10.6,3X,F7.2)

C***ii _______________________ T T A U v U U e e < e e e i***itc
WRITE(9,*) ' * POWER LOSS VARY WITH CRANK ARM '
WRITE(9,*) '  CRANK ARM {m) & POWER LOSS (W) '
DO 21 I = O,RPMN,1
Do 22 J = O,N,1

DARM = (ARMH-ARML)/N
RPM = RPML + I*DRPM

ARM = ARML + J*DARM
C........SUBPROGRAM MAEN 2 FOR CALCULATION MEAN ANGULAR VELOCITY
CALL MEAN2 (CONLB,ARM, VBMEAN2 , VSMEAN2)
DARM = VISB* (BRCONB**3) *BLCONB* { (2*PI)/ (BCCONB*SQRT (1-E**2))})
$ * ( (2*PI* (RPM/60))**2) *NCB*VBMEAN2 +
$ VISB* (SRCONB**3) *SLCONB* { (2*PI)/ (SCCONB*SQRT (1-ESM**2) })
$ * ( (2*PI* (RPM/60) ) **2) *NCB*VSMEAN2
WRITE(9,200) RPM,ARM,PARM
WRITE(6,200) RPM,ARM,PARM
22 CONTINUE
WRITE(9,*} ' '
21 CONTINUE
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200 PORMAT (1X, F7.2,3X,¥7.5,3X,¥7.2)

ctiiii_——

—r I IR N W e i e sy e o e o o

WRITE(9,*) ' * POWBR LOSS VARY WITH CONNECTING ROD '
WRITE({9,*) ' CONNECTING ROG LENGTH (m) & POWER LOSS (W) '
DO 31 I = O,RPMN,1
DO 32 J = O,N,1

DCONL = (CONLH~CONLL) /R

RPM = RPMIL + I*DRPM
CONL = CONLL + J*DCONL
Cevenses.SUBPROGRAM MAEN 3 FOR CALCULATICN MEAN ANGULAR VELOCITY

CALL MEAN3 (CONL,ARMB, VEMERN3, VSMEAN3)
PCONL = VISB*(BRCONB**3)*BLCONB*((Z*PI)/(BCCONB*SQRT(l E**2)))

3 * ((2*PI* (RPM/60) ) **2} *KCB*VEMEAN3 +
$ VISB*(SRCONB*‘S)*SICONB'(GZ*PI)/(SCCONB*SQRT(l-BSH“Z)))
3 * ({2*PI* (RPM/60) ) **2) *NCB*VSMEANI

WRITE {9, 300) RPM,CONL, PCONL
WRITE (6,300) RPM,CONL, PCONL

32 CONTINUE
WRITE(S,*) ' '
31 CONTINUE
300 PORMAT(1X,P7.2,3X,F9.6,3X,F7.2)
R AR e cwum s e ———————— LR T 1% 5 1 J P pepipsyepspers e e ke e e . e e o ko kS
WRITE(9,*) ' * POWER LOSS VARY WITH REDIUS BEARING BIG-END '
WRITE(S,*) ' REDIUS BEARING BIG-END (m) & POWER LOS3 (W) '

DO 41 I = O,RPMN,1

DO 42 I = O,N, 1

. DBRCON = (BRCONH-BRCONL} /N

RPM = RPML + I™DRPM
BRCON = BRCONL + J*DBRCON
PBRCON = VISB*(BRCOH**3)*BLCONB*((Z*PI)/(BCCONB*SQRT(I—E**Z)))
* ((2*PI* (RPM/60) ) **2) *NCB*VBMEAN] +
VISB*(SRCONB**3)'SLCONB'((Z*PI)/(SCCONB*SQRT(I -BSM**2)))
* ( (2*PI* (RPM/60}) **2) *NCB*VSMEAN1
WRITE (9, 400) RPM, BRCON, PBRCON
WRITE(6,400) RPM, BRCON, PBRCON
42 CONTINUE
WRITE(9,*) ' '
41 CONTINUE
400 FORMAT (1X,P7.2,3X,¥9.5,3X,¥7.2)

N b AN, e m = — = BrW A WRHH N W s v v e e 1 5 o 0 o o o e 7 o LA AL L LY
WRITE(9,*) ' * POWER LOSS VARY WITH REDIUS CLEARANCE BIG-END *
WRITE(9,*) ' REDIUS CLEARANCE BIG-END (m) & POWER LOSS (W) '
DO 51 I = O,RPMN, 1 :
Do 52 J o,N,1

DBCCON = (BCCONH-BCCONL) /N

RPM = RPML + I*DRPM

BCCON = BCCONL + J*DBCCON

PBCCON = VISB* (BRCONB**3)*BLCONB* ((2*PI)/ (BCCON*SQRT (1-E**2}})

* ((2*PI* (RPM/60) ) **2) *NCB*VBMEAN] +
VISB* (SRCONB**3) *SLCONB* ( (2*PI)/ {SCCONB*SQRT (1-ES5M**2))})
* {(2*PI* (RPM/60) ) **2) *NCB*VSMEAN]
WRITE (9,500) RPM, BCCON, PEBCCON
WRITE (6,500} RPM, BCCON, PBCCON
52 CONTINUR
WRITE(9,*) ' '
51 CONTINUE
500 FORMAT(lX F7 2,3%,F9.7,3X,F7.2)

c****i_ ________ *********

W W 48

18 44 10

___________________________ **i*i*c
WRITE(Q,*) ' * POWER LOSS VARY WITH BEARING WIDTH BIG-END '
WRITE(9,*) '  BEARING WIDTH BIG-END (m) & POWER LOSS (W) '
DO 61 I = 0,RPMN,1
DO 62 J = O,N,1 '
DBLCON = (BLCONH-BLCONL) /N
RPM = RPML + I*DRPM
BLCON = BLCONL + J*DBLCON
Cevv-....SUBPROGRAM MAEN 1 FOR CALCULATION MEAN ANGULAR VELOCITY
CALL MEAN1 (CONLB,ARMB, VBMEAN1, VSMEAN1)
PBLCON = VISB* (BRCONB**3) *BLCON* { {(2¥PI)/ (BCCONB*SQRT {1-E**2)))
3 * { {2¥PI* (RPM/60) } **2) *NCB*VBMEAN1 +
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VISB*(SRCONB**3)*SLCORB*((Z‘PI)/(SCCONB*SQRT(I-BSH**Z))}
. * ((2*PI* {RPM/60))**2) *NCB*VSMEAN1
WRITE(9,600) RPM,BLCON, PBLCON
WRITE(6,600) RPM,BLCON, PBLCON

40 15

62 CONTINUE
WRITE(9,*) ' '
61 CONTINUE
600 PORMAT(1X,P7.2,3X,F9.5,3X,F7.2)
ctw***-_--.........; __________ Y T T L T 1 1 1 e L T L2 2 2 2 1o

WRITE(9,*) ' * POWER LOSS VARY WITH REDIUS BEARING SMALL-END '
WRITE(S,*) ' REDIUD BRARING SMALL-END (m) & POWER LOSS (W) '
PO 71 I = O,RPMN,1
DO 72 J = O,N,1
DSRCON = (SRCONH-SRCONL) /N
RPM = RPML + I*DRPM
SRCON = SRCONL + J*DSRCON
C........SUBPROGRAM MAEN 1 FOR CALCULATION MEAN ANGULAR VELOCITY
CALL MEAN1 (CONLB,ARMB, VEMEAN1, VSMEAN1}
PSRCON = VISB* (BRCONB*#3)*BLCONB* { (2*PI)/ (BCCONB*SQRT (1-E**2)))
* ( (2*PI* (RPM/60)) **2) *NCB*VEMEANL +
VISB* (SRCON**3) *SLCONB* ( (2*RI)/ (SCCONB*SQRT (1-ESM**2)))
*({2*PI* (RPM/60) ) **2) *NCB*VSMEAN1
WRITE (9,700) RPM, SRCON, PSRCON
WRITE (6,700) RPM, SRCON, PSRCON
72 CONTINUE
WRITE(9,*) ' '
71 CONTINUE
700 FORMAT (1X,F7.2,3X,F9.6,3X,F7.2)
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WRITE{9,*) ' * POWER LOSS VARY WITH REDIUS CLEARANCE SMALL-END '
WRITE(9,*) ' REDIUS CLEARANCE SAMLL-END (m) & POWER LOSS (W) '
Do 81 I = O,RPMN,1
Do 82 J = O,N,1

DSCCON = (SCCONH-SCCONL)/N
RPM = RPML + I*DRPM
SCCON = SCCONL + J*DSCCON

PSCCON = VISB* (BRCONB**3) *BLCONB* ( {2*PI)/ (BCCONB*SQRT (1-E**2)))
s * ( (2+PI* (RPM/60) ) **2) *NCB*VEMERN1 + '
$ VISB* (SRCONB**3)* SLCONB* { {2*PI) / (SCCON*SQRT (1-ESM**2) ) )
C] * ((2*PI* (RPM/60))**2) *NCB*VSMEAN1
WRITE (9,800) RPM, SCCON, PSCCON
WRITE (6,800) RPM, SCCON, PSCCON
82 CONTINUE
WRITE(9,*) '
81 CONTINUE
800 FORMAT (1X,F7.2,3X,F%8.7,3X,F7.2)

A e T e U W e o e ik ok ke W

WRITE(9,*) ' * POWPR LOSS VARY WITH BEARING WIDTH SMALL-END !
WRITE (9, *) ' BEARING WIDTH SMALL-END (m) & POWER LOSS (W) °'
DO %1 I = O,RPMN,1
DO 92 J o,N,1
DSLCON {SLCONH-SLCONL) /N
RPM RPML + I*DRPM
SLCON SLCONL + J*DSLCON | G
PSLCON = VISB* (BRCONB**3) *BLCONB* { (2*PI)/ (BCCONB*SQRT (1-E**2)}))
3 * ( (2%*PI* (RPM/60))**2) *NCB*VBMEAN] +
3 VISB*(SRCONB**B)*SLCON*((Z*PI)/(SCCONB*SQRT(I-ESM**Z)))
3 * [ (2*PI* (RPM/60))**2) *NCB*VSMEAN1
WRITE (9,900) RPM,SLCON, PSLCON
WRITE(6,900) RPM, SLCON,PSLCCN
S92 CONTINUE
WRITE{9,*) ' '
81 CONTINUE
900 FORMAT (1X,F7.2,3X,F9.5,3%,F7.2)

[ (|
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WRITE(S,*) ' * POWER LOSS VARY WITH CON-ROD TO CRANK RATIO '
WRITE (9, *) ° CON-ROD TO CRANK RATIO & POWER LOSS (W) °

RH = CONLH/ARML
RL = CONLL/ARMH



DO 93 I =
DO 94 J = O,N,1
DR = {(RH-RL)/N
RPM = RPML + I*DRPM
R = RL + J*DR

CALL MEAN4 (R, VEMEAN4 , VSMEAN4) '
PRCON = VISB* (BRCONB**3) *BLCONB* { (2*PI)/ (BCCONB*SQRT (1-E**2}))
$ * ({2*PI* {ROM/60) ) **2) *NCB*VEMBANS +
3 VISB* (SRCONB*#*3) *SLCONB* ( (2*PI}/ (SCCONB*SQRT (1-ESM**2))}
* ((2*PI* (RPM/60)) **2) *NCB*VSMEAN4
WRITE {9, 901) RPM,R,PRCON '
WRITE(6,901) RPM,R,PRCON

94 CONTINUE
WRITE(S9,*) ' '
93 CONTINUE ' 1
901 PORMAT{1X,6¥7.2,3X,F9.5,63X,F7.2)
RETURN
END
Pl L L L 2 S ——" AP PPN — kA
c (P2) SUBROUTINE FOR CRANK-SHAFT BEARING Cc
Cwen & —— T e SR YT Ts

SUBROUTINE P2 (N, RFMH, RPML, RPMN, VISB, RCRANKB, CRANKLB, CCRANKE, BN,
$ VISL,VISH, RCRANKL, RCRANKH, CRANKLL, CRANKLH, CCRANKL, CCRRNKH,
§ PVIS, PRCRANK, PLCRANK, PCCRANK, EC, PI, POINT, RPMMAX )

IF (POINT.BEQ.2) THEN
RPMH = RPMMAX
RPMMAX = RPMMAX
ENDIF
DRPM = (RPMH-RPML)}/RPMN

OPEN (UNIT=9, FILE='RESULT2.0UT', STATUS='0OLD"' )

WRITE(9,*) 'POWER LOSS FROM CRANK-SHAFT BEARING !
WRITE(9,*) ' * POWER LOSS VARY WITH ABSOLUTE VISCOSITY !
WRITE(9,*) ° ABSOLUTE VISCOSITY (Pa.s) § POWER LOSS (W)
DO 11 I = O,RPMN,1

DO 12 J = O0,N,1

DRPM = {RPMH-RPML)/RPMN

DVIS = (VISH-VISL)/N

RPM = RPML + I*DRPM

VIS5 = VISL + J*DVIS

PVIS = VIS* (RCRANKB**3) *CRANKLB*{(2*PI)/

5 (CCRANKB*SQRT (1-BC**2) ) ) * { (2*P1* (RFM/60) ) **2) *BN
WRITE {9,100) RPM,VIS,FVIS
WRITE (6,100) RPM,VIS,PVIS

12 CONTINUE .
WRITE(9,*) '
11 CONTINUE
100 FORMAT (1X,F7.2,3X,F9.6,3X%,F7.2)

Ctiii* ________ - A AT RN e e mma e mm——m—————— - LA AL L4 ol
WRITE(9,*) ' * POWER LOSS VARY WITH REDIUS BEARING '
WRITE(9,*) ' REDIUS BEARING (m) & POWER LOSS (W}'
Do 21 I = O,RPMN,1
Do 22 J = 0,N,1
DRCRANX = (RCRANKH~RCRANKL) /N

RPM = RPML + I*DRPM

RCRANK = RCRANKL + J*DRCRANK
PRCRANK = VISB* (RCRANK**3) *CRANKLE* ( (2*PI)
3 / (CCRANKB*SQRT (1-EC**2}} ) * ({2*PI* (RPM/60) ) **2)*BN
WRITE (9,200) RPM, RCRANK, PRCRANK
WRITE (6,200) RPM, RCRANK, PRCRANK
22 CONTINUE

WRITE(9,*) ' °
21 CONTINUE .
200 FORMAT{1X,F7.2,3%,F9.6,63X,F8.2)
Chkxkw - — e e e v U T T o e S S e ‘***i*c
WRITE(9,*) ' * POWER LOSS VARY WITH BEARING WIDTH '
WRITE(S,*) ' BEARING WIDTH (m) & POWER LOSS (W) '

DO 31 I = O,RPMN,1
po 32 J = 0,N,1
DLCRANK = (CRANKLH-CRANKLL) /N

199



200

RPM = RPML + I*DRPM
. CRANKL = CRANKLL + J*DLCRANK
PLCRANK = VISB* (RCRANKB**3) *CRANKL* { (2*PI)
L / (CCRANKB*SQRT (1-EC**2)}) *{ (2*P1* (RPM/60)) **2) *BN
WRITE (9,300) RPM, CRANKL, PLCRANK
WRITE (6,300) RPM, CRANKL, PLCRANK

32 CONTINUE
WRITE(9,*) ' '
31 CONTINUE
300 PORMAT {1X,P7.2,3X,F9.6,3X,F7.2)
Cr*AR R YT 2 £ L T - *RRERNC

WRITE(9,*) ' * POWER LOSS VARY WITH REDIUS CLEARANCE '
WRITE(9,*) ' REDIUS CLEARANCE (m) & POWER LOSS (W) '
DO 41 I = O, npun,1
DO 42 J = O,N,1
DCCRANK = (CCRANKH-CCRANKL) /N
RPM = RPML + I*DRPM
CCRANK = CCRANKL + J*DCCRANK
PCCRANK = VISB* (RCRANKB**3) *CRANKLB* { (2*PI)
] / (CCRANK*SQRT (1-EC**2)) )} * ( (2*PI* (RPM/60) ) **2} *BN
WRITE(9,400) RPM, CCRANK, PCCRANK
WRITE (6,400) RPM,CCRANK, PCCRANK

42 CONTINUE
WRITE(9,*) ' '
41 CONTINUE
400 FORMAT (1X,F7.2,3X,¥9.7,3X,F7.2)
RETURN
END
oL 12 1 T S — e R R RH AR R F im e immm — im e hhhk kRO
c (P3) SUBROUTINE FOR PISTON SKIRT Cc
G h et e e m e AR F R EE e mm————————————— hewkrC

SUBROUTINE P3 (N,RPMH, RPML, RPMN,VISL,VISH, PCL, PCH, PISLL, PISLH, NCB,
$ARMH, ARML, BOREH, BOREL, BOREB, ARMB, VISB, PCB, P1SLB, PVPIS, PCPPIS,
SPLPIS, PAPIS,PBPIS, PI, POINT, RPMMAX)

1F (POINT.EQ.3) THEN

RPMH = RPMMAX
RPMMAX = RPMMAX

ENDIF

DRPM = (RPMH-RPML)/RPMN

OPEN (UNIT=9,FILE='RESULT2.0OUT', STATUS='OLD")

WRITE (9,*} 'POWER LOSS FROM PISTON SKIRT '

WRITE(S,*) ' * POWER LOSS VARY WITH ABSOLUTE VISCOSITY '

WRITE(9,*) ' ABSOLUTE VISCOSITY (Pa.s) & POWERR LOSS (W)’

DO 11 I = O,RPMN,1

Do 12 7 = O,N,1

DVIS = (VISH-VISL)/N -
RPM = RPML + I*DRPM
VIS = VISL + J*DVIS
PVPIS = (VIS*PI*BORER*PISLB/PCB)*{ (ARMB* (RPM/15)}*+*2)*NCB
WRITE{9,100) RPM,VIS,PVPIS _
WRITE({6,100) RPM,VIS,PVPIS

12 CONTINUE
WRITE{9,*) ' !
11 CONTINUE
100 FORMAT(1X,F7.2,63X,F9.7,3X,F7.2)
[ T T T W e de i iil‘i.._._.__-...-...._.._______________—*i* **ic
WRITE(9,*) ' * POWER LOSS VARY WITH PISTON CLEARANCE '
WRITE(S9,*) PISTON CLERRANCE (mm) & POWER LOSS (W) *

DO 21 I = 0,RPMN,1
DO 22 J = O,N,1
DPC = (PCH-PCL)/N
RPM = RPML + I*DRPM
PC = PCL + J*DEC
PCPPIS = (VISB*PI*BOREB*PISLB/PC)* ({ARMB* (RPM/15))**2)*NCB
WRITE (9,200} RPM, PC, PCPPIS
WRITE (6, 200) RPM,PC,PCPPIS
22 CONTINUE
WRITE(S,*) ' !
21 CONTINUE
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200 PORMAT{1X,F7.2,3X,F9.7,3%,¥7.2)
_a__**tfiic
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WRITE(9,*) ' * POWER LOSS VARY WITH SKIRT LENGTH '
WRITE(S,*) ° SKIRT LENGTH (m) & POWER LOSS (W) '
DO 31 I = O,RPMN,1
DO 32 J = 0,N,1
DPISL = (PISLH-PISLL)/N
RPM = RPML + I*DRPM
PISL = PISLL + J*DPISL
PLPIS = (VISB*PI*BORBB*PISL/PCB)*((ERMB*(RPH/IS))**Z)*NCB
WRITE ({9,300} RPM,PISL,PLPIS
WRITE (6,300) RPM,PISL,PLPIS

32 CONTINUB
WRITE(9,*) ' '
31 CONTINUR
aoo ronunm(lx,r?.z,ax,rs.s,ax,rv.Z)
ciiiit - o o e AR RREE e - ——— [P —— _ﬁ____t**i*tc
WRITE{9,*) ' * POWER LOSS VARY WITH CRANK ARM '
WRITE (9,*) ' CRANK ARM (m) & POWER LOS3 (W) '
DO 41 I = O,RPMN,1
DO 42 3 = 0,N,1
DARM = (ARMH-ARML) /N
RPM = RPML + I*DRPM
ARM = ARML + J*DARM
PAPIS = (VISB*PI*BOREB*PISLB/PCB)*((ARM*(RPM/IS))**Z)*NCB

WRITE (9,400) RPM,ARM,PAPIS
WRITE(6,400) RPM,ARM, PAPIS
42 CONTINUE
WRITE(9,*) ' '
41 CONTINUE
400 FORMAT (1X,F7.2,3X,F7.4,3X,F7.2)

Chhhd i -— e e . i dr e A e WIS e

WRITE(S,*) ' * POWER LOSS VARY WITH PISTON BORE '
WRITE(S,*) ' PISTON BORE {m) & POWER LOSS (W) '
DO 51 I = O,RPMN,1
DO S2 J = O,N,1
DBORE = (BOREH-BOREL)/N
RPM = RPML + I*DRPM
BORE = BOREL + J*DBORE
PBPIS = (VISB*PI*BORE*PISLB/BCB)* ((ARMB* (RPM/15))**2)*NCB
WRITE (9,500) RPM,BORE,PBPIS
WRITE (6,500} RPM, BORE, PBPIS

i*i***c

52 CONTINUE
WRITE(9,*) ' '
. 51 CONTINUE
500 FORMAT (1X,F7.2,3X,F7.4,3X,F7.2)
RETURN
END
c*ii** _______________________ PR R L 2.2 & & T —— e *i****c
c (P4) SUBROUTINE FOR PISTON RING c
) c***** _______________________ AR T e W W R W W et o o e e 2 S ****w*c

SUBROUTINE P4 (N, RPMH,RPML, RPMN, VISL,VISH, BPRESSL,BPRESSH,
$ BOILL, BOILH, BOREL, BOREH, ARML, ARMH, NCB, BOREB, ARMB, VISB, BPRESSB,
$ BOILB,NPRESSB,NOILB,H, PVRING, PBPRING, PBORING, PBRING, PARING,
$ PI,RP,RO, POINT, RPMMAX)
IF (POINT.EQ.4} THEN
RPMH = RPMMAX
RPMMAX = RPMMAX
ENDIF
DRPM = (RPMH-RPML)/RPMN
OPEN (UNIT=9, FILE='RESULT2,0UT', STATUS="OLD')
c**i*t _______________________ A A T T T T e e e e s e e e L - t*****c
WRITE(S,*) 'POWER LOSS PISTON RING '
WRITE(S,*) ' * POWER LOSS VARY WITH ABSOLUTE VISCOSITY '
WRITE(9,*) ' ABSOLUTE VISCOSITY (Pa.s) & POWER LOSS (W)'
DO 11 I = O,RPMN,1
po 12 J = 0,N,1
DVIS = (VISH-VISL)/N
RPM = RPML + I*DRPM
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VIS = VISL + J*DVIS
Ceveores.SUBPROGRAM FOR INTERATION NUM 1
CALL NUM1 (BPRBSSB,BOILB,RP,RO,H,BPI,HOl,HPZ,HOZ,H'P.'S,HO:!)
PVRING = VIS*ARMB*2*PI* (RPM/60)* (4*HO1-3* (HO2**2) /HO3+BOILB
9 * (1-RO) / {14R0O) ) *4*ARMB*PI*BOREB* (RPM/60) *NOILB*NCB +
3 VIS*ARMB*2+PI* (RPM/60) * (4*HP1-3* (HP2**2) /HP3+ (BPRESSB
* (1-RP) / (1+RP) ) /H) *4*ARMB*PI*BOREB* (RPM/60) *NPRESSB*NCB

)
WRITE(9,100) RPM,VIS,PVRING
WRITE(6,100) RPM,VIS,PVRING

12 CONTINUZ
WRITEB(9,*) ' '
11 CONTINUE
100 PORMAT (1X,P7.2,3X,?8.6,3X,F7.2)
- T I AARREAC

Ci.iii -
WRITE(9,*) ' * POWER LOSS VARY WITH PRESSURE RING WIDTH '
WRITE({S,*) ' PRESSURE RING WIDTH (mm) & POWER LOSS (W).'

po 21 I = O0,RPMN,1
DO 22 J=0,N,1
DBPRESS = (BPRESSH-BPRESSL)/N
RPM = RPML + I*DRPM
: BPRESS = BPRESSL + J*DBPRE3S
C.......-SUBPROGRAM POR INTERATION NUM 2
CALL NUM2 (BPRESS,BOILB,RP,RO,H, HP4, HO4,HP5, HO5, HP6, HOE)
PBPRING = VISB*ARMB*2*PI* (RPM/60}* {4*HO4-3* (HO5**2) /HO6+BOILB
* (1-RO} / {1+RO) ) *4*ARMB*PI*BOREB* (RPM/60) *NOILB*NCB +
VISB*ARMB*2*DI* (RPM/60)* (4*HP4-3* (HP5**2) /HP6+ (BPRESS
* (1-RP) / (1+RP) ) /H) *4*ARMB*PI*BOREB* (RPM/60) *NPRESSB*NCB

WRITE (9,200) RPM,BPRESS,PBPRING
WRITE (6,200) RPM,BPRESS, PBPRING

i 4o 4

22 CONTINUE
WRITE(9,*) * !
21 CONTINUE
200 FORMAT (1X,F7.2,3X,F6.3,3X,F7.2)
ci**tt—_ - e e gl R W o e e e e L ti*it*c

WRITE({9,*) ' * POWER LOSS VARY WITH OIL RING WIDTH '
WRITE(9,*) ' OIL RING WIDTH (mm) & POWER LOSS (W) '
DO 31 I ='0,RPMN,1 o
DO 32 J = O,N,1
DBOIL = {BOILH-BOILL)/N
RPM = RPML + I*DRPM
BOIL = BOILL + J*DBOIL
C........SUBPROGRAM FOR INTERATION NUM 3
CALL NUM3 (BPRESSB,BOIL,RP,RO,H,HP7,HO7,HP8,HOB,HPY, HO9)
PBORING = VISB*ARMB*2*PI* (RPM/60)* (4*HOT-3* (HO8**2) /HOS+BOIL
3 * {1-RO) / {1+R0O) ) *4 *ARMB*PI*BOREB* (RPM/ 60) *NOILB*NCB +
3 VISB*ARMB*2*PI* (RPM/60) * (4*HP7-3* (HPB**2) /HP9+ (BPRESSB
3 * (1-RP) / (1+RP) ) /H) *4*ARMB* PI*BOREB* (RPM/60) *NPRESSB*NCB

WRITE (9,300) REM,BOIL,PBORING
WRITE(6,300) RPM,BOIL,PBORING

32 CONTINUE
WRITE(S9,*) ' '
31 CONTINUE
300 FORMAT (1X,¥7.2,3X,F6.3,3X,F7.2)
Chxhik AR ML Y P T 2 2 2 o 3 RS S 222 Y
WRITE(9,*) ' * POWER LOSS VARY WITH PISTON BORE '
WRITE(9,*) °' PISTON BORE (m) & POWER LOSs (W) '

DO 41 I = 0,RPMN,1
DO 42 J = O,N,1
DBORE = ({BOREH-BOREL)/N
RPM = RPML + I*DRPM
BORE = BOREL + J*DBORE
ARMV = ARMB* { (RORER/BORRE) **2)
CALL NUM1 (BPRESSB,BOILB,RP,RO,H,HP1,HO1,HP2,HO2,HP3, HO))
PBRING = VISB*ARMV*2*PI* (RPM/60)* (§*HO1-3* (HO2**2) /HO3+BOILB
* (1-RO) / {14+RO) ) *4*ARMV*PI*BORE* {RPM/60) *NOILB*NCE +
VIS*ARMV*2*PI* (RPM/60)* (4*HP1-3* (HP2**2) /HP3+ (BPRESSB
* (1-RP)/ (1+RP)) /H) *4*ARMV*PI*BORE* {RPM/60) *NPRESSB*NCB

WRITE (9,400) RPM, BORE, PBRING .
WRITE (6,400) RPM, BORE, PBRING

U 45 4o



42 CONTINUE
.WRITE(9,*) ' '
41 CONTINUR
400 PORMAT (1X,F7.2, 3x F7.5,3X,F7.2)
ci*ii* __.....**if*i* ___________________________ *i**i*c
WRITE(9,*) ' * POWER LOSS VARY WITH CRANK ARM '
WRITE(9,*) ' CRANK ARM (m) & POWBR LOSS (W) '

DO 51 I = O,RPMN,1
DO 52 FJ = O,N,1
DARM = (ARMH-ARML)/N
RPM = RPML + I*DRPM
ARM = ARML + J*DARM
CALL NUM1 (BPRESSB,BOILB,RP,RO,H, HP1,HOL, sz HO2,HP3,HO3)
BOREV = Boasa*soawtnnnnlnnn)
PARING = VISB*ARM*2*PI* (RPM/60}* (4*HO1-3* (HO2**2) /HO3+BOILB
* {1-RO) / {1+R0O} ) *4*ARM*PT*BOREV* (RPM/ 60) *NOILB*NCB +
VIS*ARM*2*PI* (RPM/60) * (4*HP1-3* (HP2**2) /HP3+ (BPRESSB
* [1-RP) / (1+RP} ) /H) *4*ARM*PI*BOREV* (RPM/ 60) *NPRESSB*NCE
WRITE(9,500) RPM, ARM, PARING
WRITE(6,500) RPM,ARM, PARING

40 4n 4o
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52 CONTINUE
WRITE(9,*) ! '
51 CONTINUE
500 FORMAT(1X,F7.2,3%,¥F7.5,3X,¥7.2)
RETURN
END
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C (P5) SUBROUTINE FOR CAM LOAD . c
fol b 0 2 4 FETNSTERIE A R AT R H e e e e e e e e e e i ek vk ok '

SUBROUTINE P5(N,RPHH,RPHL,RPMN,FHL,FHH,SCL,SCH,PLL,PLH,BRL,BRH
$ , TRL, TRH, VLL, VLH, NVCB, NCB, FMB, SCB, PLB, BRB, TRB, VLB, SDEGB
$ , PFCAM, PSCAM, PPCAM, PBCAM, PTCRM, PVCAM, PI, FCOE, POINT , RPMMAX)

FB = (BRB**2-TRB**2+ (BERB+VLB-TRB) **2-2*BRB* (BRB+VLB-TRB)
L} ' *STN (SDEGB*PI/180) )/ (2* (BRB-TRE- {BRB+VLB~TRE)
$ *SIN (SDEGR*PI/180)))
IF (POINT.EQ.5) THEN
RPMH = 3000.
RPMMAX = RPMMAX

ENDIF

CDEGB = ACOS{ (FB-BRB)*COS{SDEGB*PI/180)/(FB~-TRB) )*180/PI

OPEN (UNIT=9, FILE='RESULT2.QUT',STATUS="0OLD"')

WRITE{(9,*) 'POWER LOSS CAM LOAD '

WRITE(9,*) ' * POWER LOSS VARY WITH FOLLOWER MASS '

WRITE(9,*) ' FOLLOWER MASS (kg) & POWER LOSS (W)

DRPM = (RPMH-RPML)/RPMN
DO 11 I = 0,RPMN,1
Do 12 J = 0,N,1
DFM = (FMH-FML)/N
RPM = RPML + I*DRPM
RPMC = RPM/2
RADC = (RPMC*2*PI/60)
FM = FML + J*DFM
C.veesss .SUBPROGRAM TMFAN1 FOR CALCULATE MEAN TORQUE

CALL TMEAN]1 (FCOE, SDEGE, FB,CDEGB, FM, SCB, PLB, BRB, TRB, VLB, RADC, TOR1
5 ,PI)

PFCAM = -TOR1*RADC*NCB*NVCB

WRITE (9,100) RPM,FM, PFCAM

WRITE (6,100} RPM,FM,PFCAM

12 CONTINUE
WRITE(9,*) '
11 CONTINUE
100 FORMAT {1X,F7.2,3X,F6.3,3X,F7.2)
Ci‘***i‘ _______________________ h kY e e e e e e ——- ii****c
WRITE(9,*) ' * POWER LOSS VARY WITH SRING CONSTANT '.
WRITE (Q,*) ! SPRING CONSTANT (N/m) & POWER LOSS (W) '

DO 21 I = 0,RPMN,1

DO 22 J = O,N,1
DSC = (SCH-5CL)/N
RPM = RPMI, + I*DRPM



204

RPMC = REM/2
RADC = (RPMC*2*PI/60)
8C = SCL + J*DSC
C........SUBPROGRAM TMEANZ FOR CALCULATE MEAN TORQUE
CALL TMEAN2 (FCOE, SDEGD, I'B, CDEGB, FMB, SC, PLB,BRB,TRB,VLB,RADC,TORZ
§,PI)
PSCAM = -TOR2*RADC*NCB*NVCB
WRITE (9,200) RPM,SC,PSCAM
WRITE (6,200) RPM, SC,PSCAM

22 CONTINUE
WRITE(9,*)} ' '
21 CONTINUE
200 PORMAT{1X,F7.2,3X,¥8.2,3X,¥7. 2)
Canenn _— A A R reaC

WRITE(9,*} ' * POWER LOSS VARY WITH SPRING PRELOAD '
WRITE(9,*) °* SPRING PRELOAD (N} & POWBR LosSs (w) '
Do 31 1 = O,RPMN,1

PO 32 J = 0 N,1
DPL = (PLH-PLI.)/N
- RPM = RPML + I*DRPM
RPMC = RPM/2
RADC = (RPMC*2*PI1/60}

PL = PLL + J*DPL
C.vev....SUBPROGRAM TMEAN3 FOR CALCULATE MEAN TORQUE
CALL TMEAN3 (FCOE,SDEGB, FB, CDEGB, FMP, SCB, PL, BRB, TRB, VLB, RADC, TOR3
$,PI) '
PPCAM = -TOR3I*RADC*NCB*NVCB
WRITE ({9, 300) RPM,PL, PPCAM
WRITE (6,300) RPM, PL, PPCAM

32 CONTINUE
WRITE(9,*) ' '
31 CONTINUE
300 PORMAT (1X,F7.2,3X%,.F6.2,3X,F7.2)
Credddean - P T L T2 1L T— ——————————— ———k kR AR

WRITE(9,*) ' * POWER LOSS VARY WITH BASE RADIUS '
WRITE(9,*) ° BASE RADIUS (mm.) & POWER LOSS (W)
DO 41 I = 0,RPMN,1
DO 42 J = O,N,1
DBR {(BRH-BRL} /N
RPM = RPML + I*DRPM
RPMC = RPM/2
RADC = (RPMC*2*PI/60)
BR = BRL + J*DBR
FBR {(BR**2- TRB**2+(BR+VLB-TRB)**2-2*BR*(BR¥VLB-TRB)
K] *SIN(SDEGB*PI/1680))
- / (2* {BR-TRB- (BR+VLB-TRB) *SIN (SDEGB*PI/180)))
CDEGBR = ACOS{ (FBR~BR)*COS (SDEGB*PI/180)/ (FBR~TRB) )*180/PI
Cuveeees .SUBPROGRAM TMEAN4 FOR CALCULATE MEAN TORQUE
CALL TMEAN4 (FCOE,SDEGB,FBR, CDEGBR, FMB, 5CB, PLB, BR, TRB, VLB, RADC
3, TOR4, P1)
PBCAM = ~TOR4*RADC*NCB*NVCB
WRITE (9,400) RPM,BR, PBCAM
WRITE(6,400) RPM,BR, PBCAM

¥

42 CONTINUE .
WRITE(S,*) ' '
41 CONTINUE
400 FORMAT (1X, FT 2 3X,F6.3,3%,F7.2)
ol 1 1Y T - KK e e e e e *h
WRITE(9,*) ' * POWBR LOSS VARY WITH TIP RADIUS '
WRITE(9,*) ' TIP RADIUS (mm.) & POWER LOSS (W) °

DO 51 I = O,RPMN, 1
Do 52 J=0,N,1

DTR = (TRH-TRL)/N
RPM = RPML + I*DRPM
RPMC = RPM/2
RADC = (RPMC*2*PI/60)
TR = TRL + J*DTR :
FTR = (BRB**2-TR**2+(BRB+VLB~TR) **2~2*BRB* (BRB+VLB~TR)

3 *SIN{SDEGB*PI/180})
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$ '/(2*(BRB-TR-(BRB+VLB-TR)*SIN(SDEGB*PI/IBO)))

. CDEGTR = ACOS{ (!TR-BRB)'COS(SDEGB*PI/IBO)/(!TR-TR) y*180/P1

C.vevess.SUBPROGRAM TMEANS FOR CALCULATE MEAN TORQUE

CALL THEARS(ICOE,SDBGB,!TR,CDEGTR,?HB,SCB,PLB,BRB,TR,VLB,RADC

$,TORS,PI) '
PTCAM = -TORS5*RADC*NCB*NVCB
WRITE (9,500) RPM,TR,PTCAM
WRITE (6,500) RPM, TR, PTCAM

WRITE(9,*) ' '
51 CONTINUE .
500 FORMAT (1X,P7.2,3X,?6.3,3X,F7.2)

c*..ti_ P2 2 E 2 0 0 B et ——— -

WRITE(9,*) ' * POWBR LOSS VARY WITH TIP RADIUS '
WRITE(9,*) ' BASE , TIP RADIUS (mm.) & POWER LOSS. (W)
Do 511 I = O,RPMN,1
DO 521 J = O,N,1
DO 531 K= O,N,1
DRPM = (RPMH-RPML)/RPMN
DBR = (BRH-BRL)/N
DTR = (TRH-TRL)/N.
RPM = RPML + I*DRPM
BR = BRL + J*DBR
TR = TRL + K*DTR
RPMC = RPM/2
RADC = (RPMC*2*PI/60)
FBTR = (BR**2-TR**2+ (BR+VLB-TR) **2
-2*BR* (BR+VLB-TR) *SIN (SDEGB*PI/180})
/ {2* (BR~TR- {(BR+VLB-TR)
*SIN(SDEGB*PI/180))}
CDBGBTR = {ACOS ( (FBTR-BR) *COS (SDEGB*PI/180)
) ' / {(FBTR-TR) ) ) *180/P1
C.ovv....SUBPROGRAM TMEAS51 FOR.CALCULATE MEAN TORQUE
CALL TMEANS1 (FCOE,SDEGB,FBTR,CDEGBTR, FMB, SCB, PLB,BR, TR
4 , VLB, RADC, TOR51, PI}
PBTCAM = -TORS51*RADC*NCB*NVCB
WRITE(9,501) RPM,BR,TR,PBICAM
WRITE(6,501) RPM,PBR, TR, PBTCAM
531 CONTINUE
521 CONTINUE
WRITE(9,*) ' '
511 CONTINUE : ]
501 FORMAT (1X,F7.2,3X,F6.3,3X,F6.3,3X,F7.2)
citt**__ —_ e T T T T TE T T T T et e s e e e e AL o e S
WRITE(9,*) ' * POWER LOSS VARY WITH VALVE LIFT '
WRITE{9,*) ' VALVE LIFT (mm.) & POWER LOSS (W) '
DO 61 I = 0,RPMN,1
DO 62 J = O0,N,1
DVL {VLH-VLL) /N
RPM = RPML + I*DRPM
RPMC RPM/2
RADC {RPMC*2*PIL/60)
VL = VLL + J*DVL
FVL (BRB**2-TRB* *2+ {BRB+VL-TRB) **2-2*BRB* (BRB+VL~-TRB)
] *SIN(SDEGB*PI/180)) ‘
$ / (2* (BRB-TRB- (BRB+VL-TRB) *SIN{SDEGB*PI/180}))
CDEGVL = (ACOS|( (FVL-BRB)*CO5 (SDEGB*PI/180)
] / (FVL-TRB}) ) *180/PI
C.veven...SUBPROGRAM TMEAN6 FOR CALCULATE MEAN TORQUE
CALL TMEANG (FCOE, SDEGB, ¥VL, CDEGVL, FMB, SCB, PLB, BRB, TRB, VL, RADC
$,TORE, PI)
PVCAM = -TORG6*RADC*NCB*NVCB
WRITE {9, 600) RPM,VL, PVCAM
WRITE (6, 600) RPM, VL, PVCAM
62 CONTINUE
WRITE{6,*) ' '
61 CONTINUE
600 FORMAT{1X,F7.2,3%X,PF7.2,3X,F7.2)}
RETURN

——dkRRh O

48 1o 4o
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END
CHNARN et e Y S ——— RS PR R bbbl
c o _(P6) SUBROUTINE FOR ACCESSORIES LOAD c
LR b Ir——T SRS S B O P —— P ——— kRN

SUBROUTINE PG(N,RPHH,RPHL,RPHN,BCOMB,SCOHB,NCB,BORBB,ARHB,RKB,EHB,
SECB,RDALTB.RLALTB,QH,QL,Hl.HZ,Vl,RDALTL,RDALTH,RL&LTL,RL&LTH,RCGH!
$NCOH,PCLE,!VAPP,CONDP,CORRK,RALT,PW?,PAIRQ,PALTD,PALTL,PI,POINT,

SFRAC, RPMMAX)
AMPB = 50.
VOLTBE = 12,
VOLREF = 1.+ (PCLE/100.)*{1.-CONDP/EVAPP)
IF (POINT.EQ.6) THEN
RPMH = 2600.
~ RPMMAX = RPMMAX
ENDIF
DRPM = {RPMH-RPML}/RPMN
OPEN (UNIT=9, FILE='RESULT2.0UT' , STATUS="'0LD")
WRITE(9,*) 'POWER 10SS PROM ACCESSORIES LOAD '
WRITE(9,*) ' * POWER LOSS VARY WITH COOLING LOAD '
WRITE(9,*) ' COOLING LOAD (W) & POWER LO3SS (W) '
po 111 =1,2,1 '
DO 12 J = 0,N,1
DQ = (QH-QL)/N
Q = QL + J*DQ
DO 13 K = 0,RPMN,1
IF (I.EQ.1) THEN
RPMCOOL = Q/ (H1-H2)*4.*60.*V1/
$ ' {PI*SCOMB*NCOM*VOLEEF*RCOM* (BCOMB)} **2) '

DRPMC = (RPMCOOL~-RPML)/RPMN
RPMV -= RPML + K*DRPMC
PATRQ = (PI/4.)* (BCOMB**2.)*SCOMB*NCOM*RCOM* (RPMV/60.) *VOLEEF
§ *(RKB/(RKB-l.))*(1.-(CONDP/EVﬁPP)**((RKB-I.)/RKB))
3 *BVAPP* (1./ (EMB*ECB) ) * (-1.) '
ELSE
DRPMC = {RPMH-RPMCOOL)/RPMN
RPMV = RPMCOOL + K*DRPMC
PAIRQ = Q/(H1-HZ)*EVAPP*V1* (RKB/ (RKB-1.})
$ * (1, - (CONDP/EVAPP) ** ( (RKB-1.) /RKB))
] *{1,/(EMB*ECB})* (-1.}
" ENDIF

WRITE{9,101) RPMV,Q,PAIRQ
WRITE (6,101} RPMV,Q, PATIRQ

13 CONTINUE
WRITE(9,*) ' !
12 CONTINUE
WRITE(9,*) ' !
11 CONTINUE
101 FORMAT (1X,F7.2,3X,F7.2,3X,F8.2}

C***** _______________________ ol ol T T T W W e e ot e ity e i e e e By ***i**c
WRITE(9,*) ' * POWER LOSS VARY WITH ROTOR DIAMETER !
WRITE (9,*) ' ROTOR DIAMETER (m) & POWER LOSS (W) !
DO 21 I = O,RPMN,1
Do 22 J = O,N,1

DRDALT = {RDALTH - RDALTL}/N
RPM = RPML + I*DRPM
RDALT = RDALTL + J*DRDALT
PALTD = AMPB*VOLTB + (100./FRAC)*(1./3.)*CORRK*
3 ( (RALT*PI*RDALT*RPM/3048.)**2,5)*1000
3 * (RDALT/0.0254) * { {RLALTB/0.0254) **0.5)

WRITE (9,201) RPM, RDALT,PALTD
WRITE{6,201) RPM,RDALT, PALTD
22 CONTINUE
WRITE(9,*) ' !
21 CONTINUE
201 FORMAT(1X,F7.2,3X,F7.4,3X,F7.2)

AN H N e e - —— kRN K KW oo o e e o e R T LT
WRITE(9,*) ' * POWER LOSS VARY WITH ROTOR LENGTH '
WRITE{9,*) ' ROTOR LENGTH (m) & POWER LOSS (W) '

DO 23 I = 0,RPMN,]
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Do 24 J = O,N,1

_ DRIALT = (RLALTH - RLALTL)/N

RPM = RPML + I*DRPM

RIALT = RIALTL + J*DRLALT

PALTL = AMPB*VOLTB + (100./FRAC)*(1/3.)*CORRK¥

9 { (RALT*PI*RDALTB*RPM/3048.) 4*2.5)*1000
* (RDALTB/0.0254) * ( {RLALT/0.0254} **0.5)

WRITE(9,202) RPM, RLALT, PALTL
WRITE{6,202) RPM,RRLALT, PALTL

24 CONTINUE
 WRITE(9,*) ' °
23 CONTINUE :
202 FORMAT (1X,¥7.2,3X,F7.4,3X,F7.2)
ci***i - e ooy B T TP U U W s e e e o D A ***iiic
1

WRITE(9,*) ' * POWER LOSS VARY WITH WATER&OIL PUMP
WRITE(9,*) ' ENGINE SPEED (rpm) & POWER LOSS (W)
REPMH = RPMMAX
DRPM = {RPMH-RPML)/RPMN
DO 25 I = O,RPMN,1
RPM = RPML + I*DRPM
PWP = (269./12.)*( (RPM/1000.)**1.5)*RPM
] * (2. *ARMB*NCB*PI* (BOREB**2.}/4.}
WRITE(S,203) RPM,PWP
WRITE(6,203) RPM,PWP

25 CONTINUE
WRITE(9,*) ' y
203 FORMAT({1X,F7.2,3X,F7.2)
RETURN -
END
ot L 2 L2 P S T B W e e i o e e o e Tk k R
c (p7) SUBROUTINE FOR PUMPING LOSSES c
Chudwk - ————_ P S T T LT

SUBROUTINE P7 (N, REMH, RPML, RPMN, DHH, DHL,M, DVL, DVH, RCL, RCH, NCB,
SBOREB, ARMB, DVB, RCB, NVB, DENHG, PE, PA, PDPUMP, PRPUMP, PT, POINT, RPMMAX)
IF (POINT.EQ.7) THEN ‘ '
RPMH = 4000.
RPMMAX = RPMMAX
ENDIF
DRPM = (RPMH-RPML) /RPMN
DDH = (DHH-DHL}/M
OPEN (UNIT=9, FILE='RESULT2.0UT' ,STATUS="'QLD")
WRITE(9,*) 'POWER LOSS FROM PUMPING LOSSES '
WRITE(9,*) ' * POWER LOSS VARY WITH VALVE DIAMETER '
WRITE(9,*) ' VALVE DAIMETER (m) & PUMPING LOSS (W) '
DO 11 I = O,RPMN,1 -
DO 12 J = 0,M,1
Do 13 K = O,N,1

DDV = (DVH-DVL) /N

RPM = RPML + I*DRPM

DH = DHL + J*DDH

DV = DVL + K*DDV

PIA = 9,81*DENHG*DH*0.0254/1000
CIMEP = 12.87*PA*{(PIA/PA)-0.1)

PIG = PA-{CIMEP/12.8)-10.14

F = {NVB*NCB*{(DV**2))/(2*ARMB*PI*NCB* (BOREB**2)/4)
PDPUMP = {PA- (CIMEP/12.8)-10.14+PE*{((CIMEP*RPM)/(3904000})**2) +
8.9667* (SQRT (CIMEP/1124.3) ) * ({RPM/1000) **1.7)
*((2.984/F)**1.28) + (SQRT((PA-PIG)/97.94})
*(11,86* (RCB**0.4)-{3.38+0.103*RCB) * ( {RPM/1000) **1.185)))
*1000* {2*ARMB*PI*NCB* {BOREB**2)/4)* (RPM/120)
WRITE (9,100) RPM,DH,DV, PDPUMP
WRITE(6,100) RPM,DH,DV,PDPUMP
13 CONTINUE .
WRITE(9,*) ' '
12 CONTINUE
WRITE(9,*} ' '
11 CONTINUE
100 FORMAT (1X,F7.2,3X,F5.2,3X,F9.6,2X,F9.2)

Ci‘*#** _______________________ e et de W IR T W e e s e e e

A8 45 L5 B
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WRITE{9,*) ' * POWER LOSS VARY WITH COMPRESSION RATIO °’
WRITE(9,*) °' COMPRESSION RATIO & PUMPING LOSS (W) !
DO 21 I = O,RPMN,1
DO 22 J = O,M,1
Do 23 K=0,N,1
DRC = {RCH-RCL)/N
RPML + I*DRPM

RPM =
DPH = DHL + J*DDH
RC = RCL + K*DRC
PIA = 9.91*DENHG*DH*0.0254/1000
CIMEP = 12.87*PA* ((PIA/PA)~0.1)
PIG = PA-(CIMEP/12.8)-10.14

F = (NVB*NCB* (DVB**2))/(2*ARMB*PI*NCB* (BOREB**2)/4)
PRPUMP = (PA-(CIMEP/12.8)-10.14+PE* ({ (CIMEP*RPM)/(3904000)}**2) +
9.9667* (SQRT(CIMEP/1124.3))* ( (RPM/1000) **1.7)
*({2.984/F)**1.28) + (SORT((PA-PIG)/97.94))
#(11.86* (RC**0,4) - (3.38+0.103*RC) * ( (RPM/1000)**1.185)))
#1000+ (2*ARMB*PI *NCB* (BOREB**2) /4) * (RPM/120}
WRITE (9, 200) RPM, DH, RC, PRPUMP
WRITE(6,200) REM,DH,RC, PRPUMP
23 CONTINUE
WRITE(9,*) ' '
22 CONTINUE
WRITE(9,*) ' '
21 CONTINUE :
200 FORMAT(1X,F7.2,3X,F6.2,3X,F6.2,3X,F9,2}
RETURN

<o 10 15

c (P8) SUBROUTINE FOR CRLCULATION ENGINE POWER REQUIRED c
Chkwds., _— ~» o WA T AT R s o e e e
SUBROUTINE P8 (N,CDB,AREAB, FRB,MGB,WR, RPMH, RFML, RPMN, CDL, CDH, AFL,
3 AFH,FRL,FRH,HEL,HEH,GI,G2,G3,G4,GS,GD,PI,AIRDEN,PAIRC,PAIRA,
5 PROLLF, PROLLM, POINT, RPMMAX)
IF (POINT.EQ.8) THEN
RPMH = RPMMAX
RPMMAX = RPMMAX
ENDIF :
DRPM = (RPMH-RPML)/RPMN
OPEN (UNIT=9, FILE='RESULT2.0UT', STATUS="0QLD")

Crddrh, e ——— e e N R T ks o e e o e o e Hokk ek (Y

WRITE(9,*) ' * POWEBR LOSS VARY WITH CD '
WRITE({S9,*) ' CD & POWER LOSS (W) '
DO 11 I = O,RPMN,1
Do 12 J = O,N,1

RPM = RPML + I*DRPM

DCD = (CDH-CDL) /N

Ch = CDL + J*DCD

"CALL SELl(RPM,GN,Gl,G2,G3,G4,G5,GD,TEFF,GT)
PAIRC = 0.5*CD*AIRDEN*AREAB* {{ (RPM/60)*2*PI*WR/GT)**3)
V1l = (RPM/60)*2*PI*WR/GT*3.6 ) )
WRITE (9, 100) V1,CD,PAIRC
WRITE(6,100) V1,CD,PAIRC

12 CONTINUE
WRITE(9,*) ' '
11 CONTINUE
100 FORMAT (1X,F7.2,3X,F7.4,3X,F10.2)
c*****__ ______________________ TR R 2 X 4.7 § 1 J s p—— e PP ******c
WRITE(9,*) ' * POWER LOSS VARY WITH FRONTAL AREA '
WRITE(S,*) ' A (m*2) & POWER LOSS (W) '

DO 21 I = 0,RPMN,1

Do 22 J = O,N,1
RPM = RPML + I*DRPM
DAF = (AFH-AFL)/N
AF = AFL + J*DAF

CALL SEL1{RPM,GN,Gl1,G2,G3,G4,G5,GD, TEFF, GT)

PAIRA = O.S*CDB*AIRDEN*AF*( (RPM/60)*2*PI*WR/GT )**3
V2 = (RPM/60)*2*PI*WR/GT*3.6
WRITE (9,200) V2,AF, PAIRA



WRITE{6,200) V2, AF,PAIRA

22 CONTINUE
WRITE(S,*) ' '
21 CONTINUE
200 FORMAT (1X,F7.2,3X,P7.3, 3}! F10.2) X
Cevdaw PO o S, o AkkhwnC
WRITE(9,*)} ' * POWER LOSS VARY WITH ROLLING COBFFICENT '
WRITE(9,*) ' £ & POWBR LOSS (W) '

DO 31 I = O,REMN,1
DO 32 J = O,N,1
RPM = RPML + I*DRPM
DFR = (PRH-FRL)/N
PR = PRL + J*DFR
CALL SEL1(RPM,GN,G1,G2,6G3,64,G5,GD, TEEF, GT)
PROLLF = FR*MGB*9.51%( {RPM/60)*2*PI*WR/GT )
V3 = (RPM/60) *2*PI*WR/GT*3.6
WRITE (9,300) V3,FR, PROLLF
WRITE({6,300) V3,FR,PROLLF

32 CONTINUE
WRITE(9,*) ' !
31 CONTINUE
300 FORMAT(1X,F7.2,3X,F9. 7 X, P9.2)
VAN F e A N N S N I TT Y,

WRITE(9,*) ' * POWER LOSS VARY WITH VEHICLE MASS '
WRITE(9,*) ° M & PCWER LOSS (W) '
DO 41 I = QO,RPMN,1
DO 42 J = O,N,1
RPM = RPML, + I*DRPM
DMG = (MGH-MGL)/N
VMG = MGL + J*DMG
CALL SEL1{RPM,GN,Gl,G2,G3,64,G5,6GD, TEFF, GT)
PROLIM = PRB*VMG*9.81*( (RPM/60)*2*PI*WR/GT )
V4 = (RPM/60)*2*PI*WR/GT*3.6
WRITE (9, 400} V4,VMG, PROLLM
WRITE (6,400} V4,VMG, PROLLM

42 CONTINUE
WRITE(9,*) ' '
41 CONTINUE
400 FORMAT (1X,F7.2,3X,F9.3,3%X,F9.2)
RETURN
END
c*tii* _______________________ e e U T A W R W e s e v o G —— - - ii*t**c
c THIS PARTS ARE SUBPROGRAM FOR NUMERICAL CALCULATION c
ci**ti _______________________ T W R O T T O e i o e ey v t***t*c
c SUBROUTINE NUM 1 C
cif*** _______________________ Tl T ol T e e e - tt**t*c
SUBROUTINE NUM1 (BPRESSB,BOILB,RP,RO,H,HP1,HOl,HP2, HO2, HP3, HO3)
N = 100
A = 0.
AlP = 0.0015
- Alo = 0.0025
BP = Rp*{BPRESSB/ {1+RP))
BO = RO* (BOILB/ {(1+R0O))
DHP = (BP-A)/N
DHO = (BO-A)/N
suMpPl = 0,
suyMol = O.
SUMPZ2 = 0.
SUMO2 = 0.
SUMP3 = 0.
SUMO3 = 0.
DO 10 I = 1,N-1
XP = I*DHP
X0 = I*DHOQ
FXP1 = 1/ {A1lP*XP**2~({1+RP)/(1000*RP)+ (A1P*RP*BRPRESSB) /
3 (1+RP) ) *XP+H+BPRESSB/1000)
FX01 = 1/ (AlO*XO**2-((1+R0Q)/{1000*RO)+ (A1O*RO*BOILB) /
8 {1+RP) } *XO+H+BQILB/1000)

FXP2 = {1/ (ALlP*XP**2-((1+RP)/{1000*RP)+ (A1lP*RP*BPRESSB)/
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9 (1+RP) ) *XP+H+BPRESSB/1000) )} **2
P02 = (1/(AJO'XO**Z-((1+RO)/(1000*R0)+(AIO'RO*BOILB)/
'§ (1+RP) )} *XO+H+BOILB/1000)} } e
FXP3 = (1/{A1P*XP**2-{ (1+RP)/ (1000*RP) + {A1P*RP*BPRESSIB) /
9 {1+RP) ) *XP+H+BPRESSB/1000)) **3 .
FX03 = (1/(Alo*xo**z-((1+no)/(1000*RO)+(A10*RO*BOILB)/
8 {(1+RP) } *XO+H+BOILB/1000) ) **3
SUMP1 = SUMP1 + EFXPl
SUMO1l = SUMOl1l + FXOl
SUMP2 = SUMPZ + FXP2
SUMD2 = SUMO2 + FXO02
SUMP3 = SUMP3 + FXP3
SUMO3 = SUMO3 + FX03
10 CONTINUE
FXPO1l = 1/ (H+BPRESSE/1000)
FX001 = 1/ (H+BOILB/1000)
PXP02 = {1/ (H+BPRESSB/1000))**2
FX002 = {1/ (H+BOILB/1000))**2
FXP0O3 = (1/ (H+BPRESSB/1000) ) **3
FX003 = (1/(H+BOILB/1000))**3
FXPN1 = 1/H '
FXON1 = 1/H
FXPN2 = (l/H)**2
FXON2 = {1/H)**2
FXPN3 = (1/H)**3
FXON3 = (1/H)**3
HP1 = {+FXP01+FXPN1+2*SUMP1)*DHR/2
HO1 = (+FXO01+FXON1+2*SUMOl)*DHO/2
HP2Z = (+FXP02+FXPN2+2*SUMP2)*DHP/2
HO2 = (+FXO02+FXON2+2*SUMO2)*DHO/2
HP3 = (+FXP03+FXPN3+2*SUMP3) *DHP/2
HO3 = (+FXO03+FXON3+2*SUMO3) *DHO/2
RETURN
END
Ct***t _______________________ et e W I W W W o e e o o e e R S *iii**c
C SUBROUTINE NUM 2 C
C***** _______________________ Trar e d W W W o o e e o e e e e 8 ....__*-ii*t*c
SUBROUTINE NUM2 (BPRESS,BOILE,RP,RO,H,HP4,HO4, HPS, HO5, HP6,HO6)
N = 100
A = 0.
AlP = 0.0015
Alo = 0.0025 _
BP = RP* (BPRESS/ (1+RP))
EO = RO*{(BOILB/ (1+RQ))
DHP = (BP-A)/N
DHO = (BO-A)/N
SUMP4 = 0.
SUMO4 = 0.
SUMPS = 0,
SUMOS = 0.
SUMPE = 0.
SUMOE = 0.
Do 10 I = 1,N-1
XP = I*DHP
X0 = I*DHO
FXP4 = 1/ (A1P*XP**2-{ (1+RP)/ (1000*RP)+ (A1P*RP*BPRESS)/
8 {1+RP}) *XP+H+BPRESS/1000)
FX04 = 1/ (AlO*X0**2-{ {1+R0)/ (1000*RO)}+ (A10*RO*BOILB) /
$ {1+RP} ) *XO+H+BOILB/1000)
FXP5 = {1/ (AlP*XP**2-{(1+RP)/(1000*RP)+ (ALP*RP*BPRESS)/
§ {1+RP} ) *XP+H+BPRESS/1000) ) **2
FX05 = (1/(AlO*XO**2~{ (1+R0)/(1000*RO)}+ {A1O*RO*BOILB)/
S {1+RP} ) *XO+H+BOILB/1000) ) **2
FXP6 = (1/ (A1P*XP**2~( (1+RP)/ {1000*RP)+ (A1P*RP*BPRESS)/
§ {1+RP) ) *XP+H+BPRESS/1000) ) **3 .
FX06 = {1/ (AlO*X0**2-( {1+RO) / (1000*R0) + (A1LO*RO*BOILB) /
$ {1+RP) ) *XO+H+BOILB/1000})**3
SUMP4 = SUMP4 + FXP4

SUMO4 = SUMO4 + FX04
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c

i***iic

SUMP5 = SUMP5 + FXP5
_SUMOS = SUMOS + PFXO05
SUMP6 = SUMPE + FXP6
SUMD6 = SUMDE + FXO6
10 CONTINVE
PFXP04 = 1/ (H+BPRESS/1000)
FX004 = 1/ {H+BOILB/1000)
FXP05 = (1/(H+BPRESS/1000))**2
FX005 = (1/(H+BOILB/1000))**2
FXPO6 = (1/(H+BPRESS/1000))**3
FX006 = (1/(H+BOILB/1000})**3
FXPN4 = 1/H
PXCON4 = 1/H
FXPN5 = (1/H}**2
PXONE = (1/H)**2
FXPN6 = (1/H)**3
FXONG6 = (1/H)**3
HPA4 = [(+FXPO4+PXPN4+2*SUMP4) *DHP/2
HO4 = ({+PFX004+FXON4+2*SUMO4) *DHO/2
HP5 = (+FXPO5S+FXPN5+2*SUMP5) *DHP/2
HOS - (+Px005+FXON5+2*SUMD5)*DHO/2
HP6 = (+FXPO6+PXPN6+2*SUMP6)*DHR/2
HO6 = (+FX006+FXON6+2*5UMO6)*DHO/2
RETURN
END
c*t*i* _______________________ WA AR AT W e s e s o - ———
c SUBROUTINE NUM 3
O N e e ——————— Tk AT RN W W e o e et o e ek B . e
SUBROUTINE NUM3 (BPRESSB, ROIL,RP,RO,H,HP7,HO7,6HP8,HO8,HPY, HO)
N = 100 :
A = Q.
AlP = 0.0015
AlO0 = 0.0025
BP = RP* (BPRESSB/(1+RP))
BO = RO* (BOIL/ (14RO} }
DHP = (BP-A)/N
DHO = (BO-A)/N
SUMP7 = 0.
SUMO7 = 0.
SUMPS 0.
SUMO8 = 0.
SUMPY = 0.
SUM0O9 = 0.
DO 10 I = 1,N-1
XP = I*DHP
X0 = I*DHO
FXP7 = 1/ (A1P*XP**Z2~ ( (1+RP)/(1000*RP)+{A1lP*RP*BPRESSB)/
| {1+RP}) *XP+H+BPRESSB/1000)
FX07 = 1/ (A10*XO0**2-((1+R0O)/ {1000*R0O)}+ (A10*RO*BOIL)} /
3 {1+RP) ) *XO+H+BOIL/1000)
FXP8 = (1/(A1P*XP**2-((1+RP)/{1000*RP)+(A1P*RP*BPRESSB)/
3 {1+RP) } *XP+H+BPRESSB/1000) ) **2
FX08 = (1/{AlO*X0**2-{(1+RO}/ (1000*R0O)+ (A10*RO*BOIL)/
3 (1+RP) ) *XO+H+BOIL/1000}) ) **2
FXP9 = (1/(A1P*XP**2-((1+RP)/{1000*RP)+(AlP*RP*BPRESSB)/
8 (1+RP} )} *XP+H+BPRESSB/1000) ) **3
FX09 = (1/(AlO*XO**2-((1+R0O)/(1000*R0)+ (AlO*RO*BOIL)/
$ (1+RP) ) *XO+H+BOIL/1000) ) *+*3
SUMP7 = SUMP7 + FXP7 '
SUMO7 = SUMO7 + FXO7
SUMP8 = SUMP8 + FXP8
SUMO8 = SUMO8 + FXO8
SUMP9 = SUMP9 + FXP9
SUMOS = SUMO9 + FX09
10 CONTINUE
FXPQ07 = 1/ (H+BPRESSB/1000)
FX007 = 1/ (H+BOIL/1000)
_ FXP08 = (1/{H+BPRESSB/1000))**2
FXC08 = (1/(H+BOIL/1000))**2
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FXPO9 = (1/(H+BPRESSB/1000))**3
FXO09 = (1/(H+BOIL/1000))**3
FXPNT = 1/H
FXON7 = 1/H
FXPNO = (1/H)}**2
PXONS = (1/H)**2
FXPN9 = (1/H)**3
FXON9 = (1/H)**3
HP? = (+FXPOT+PXPN7+2*SUHP7)*DHP/Z
HO7 = {+FXO07+FXONT+2*SUMOT)*DHO/2
HPS8 - {+rxpoa+rxpue+2*suume)*DHPIZ
HOB - (+!XOOB+FXONB+2*SUMDB)*DHO/Z
HP9 = (+rxp09+rxpns+2*suum9)*Dﬂplz
HO9 = (+FXO09+FXON9+2*SUMOS) *DHO/2
RETURN
END
c*ii**- o p— At AW NN e **i**ic
c SUBROUTINE MEARK 1 c
c**i**_-_ p—r I T 2R3 - *i*it*c
SUBROUTINE MEAN1{CONLB,ARMB,VBMEAN1,VSMEANL)
PI = 2.*ASIN(l.)"
R = CONLB/ARMB
N = 360
DEGl = 0.
DEG2 = 2*PI
DDEG = (DEG2-DEG1)/N
BSUMP = 0.
SSuMP = 0,
po 11 I = 1,N-1
X = I*DDEG
FXB = 1+cos(X)ISQRT(R**Z»(SIN(X))**Z) fre2
FXs = ((COS(X)/R)**Z)*((1+{SIN(K)**2)/(R**Z-SIN(X)**Z))}
BSUMP = BSUMP + FXB
S5UMP = SSUMP + FXS$
11 CONTINUE
FXBO = (1+COS(DEGI)/SQRT(R**z—(SIN(DEGl))**2))**2
FXBN =-(1+COS(DEGz)/SQRT(R**Z-(SIN(DEGZ))**2))‘*2
FXS50 = ({COS(DEGl)/R)**2}
3 ‘((1+(SIN(DEGI)**2)/(R‘*Z-SIN(DEGI)**Z)))
FXSN = {(COS(DEGZ)/R)**2) .
3 *((1+(SIN(DEGZ)**2)/(R**Z-SIN(DEGZ)**2)))

BIG = (+PXBO+FXBN+2*B5UMP)*DDEG/2
SML = (+FXS0+FXSN+2*SSUMP)*DDEG/2

VBMEAN1 = BIG/ (2*PI)

VSMEAN1 = SML/(2*PI)

RETURN

END
Cii*i* _______________________ FE X E L & K 1 J s e e [ ****iic
c SUBROUTINE MEAN 2 c
C*i*i* _____________ T T R W R T e o e e e v et e e i e e e e **ii*ic

SUBROUTINE MEAN2 (CONLB,ARM,VBMEANZ, VSMEANZ )

PI = 2.*ASIN(1.)

R = CONLB/ARM

N = 360

DEG1 = 0.

DEG2 = 2*PI

DDEG = (DEG2-DEGl)/N
BSUMP = 0.

SsuMP = 0.

DO 12 I = 1,N-1
X = I*DDEG -
FXB = (1+COS(X)/SQRT (R**2—(SIN(X))**2))**2
FXS = ((COS(X)/R)**2)*((1+(SIN(X)**2)/{R**2-SIN(X)**2)))
BSUMP = BSUMP + FXB
SSUMP = SSUMP + FX3
12 CONTINUE
FXBO = (1+COS (DEG1l) /SQRT (R**2- (SIN(DEG1))**2})**2
FXBN = (1+COS (DEG2) /SQRT (R**2—- (SIN(DEG2))**2))**2
FXS0 = ({COS{DEGl)/R)**2)
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*((1+(SIN(DEG1)‘*2)/(R**Z-SIN(DBGI)**Z)))

$
_FXSN = ((COS(DEG2)/R}**2)

8

*((1+!SIN{DEGZ)*‘2)/(R**Z-SIH{DBGZ)**Z)))

BIG = (+PFXBO+FXBN+2*BSUMP)*DDEG/2
SML = (+PFXS0+FXSN+2*SSUMP)*DDEG/2

VBMEANZ
VSMBAN2
RETURN
END

= BIG/ (2*PI)
= SML/(2*PI)

i*****c

Chwhns
c

c*t***--___;-_

SUBROVTI
Pl -
R =
N
DEG1
DEG2
DDEG
BSUMP
55UMP
DO 13 1

SUBROUTINE MEAN 3

WREREERNN — - .o

22111 el

NE MEAN3 {CONL,ARMB, VBMEAN3 , VSMERN3)
2.*ASIN(1.)

CONL/ARMB

100

0.

2*pl

(DEG2-DEG1) /N

0.

0.

- 1,N-1

X = I*DDEG

FXB =

FXS = ({COS({X)/R)**2}* ({14 (SIN(X)**2)/{R**2-SIN(X)**2)))

BSUMP =
SSUMP =

{1+COS (X) /SQRT (R**2~- (SIN (X)) **2) } **2

BSUMP + FXB
SSUMP + FXS

13 CONTINUE

FXBO =

FXBN =

FXs0 =
3

FXSEN =
3

BIG =

SML =

VEMEANJ

VSMEAN3

RETURN

{1+COS(DBGl)/SQRT(R**2-(SIN(DEGI))**2))**2
(1+COS(DEGZ)/SQRT(R**2-(SIN(DEGZ))**2})**2
({COS (DEGL) /R) **2) -

*((1+(SIN(DEGl)**Z)I(R**Z-SIN(DEsl)**Z)))
({COS (DEG2) /R) **2)

*{ {1+ (SIN(DEG2)**2})/ (R**2-SIN(DEG2)**2)}}
(+FXBO+FXBN+2*BSUMP) *DDEG/2
(+PXS0+FXSN+2*SSUMP) *DDEG/2
= BIG/{2*PI)
= SML/ (2*PI)

SUBROUTINE MEAN 4
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SUBROUTINE MEAN4 (R, VBMEAN4Y, VSMEAN4)

" PI

N
DEG1
DEG2
DDEG
BSUMP
SSUMP
DO13 I
X =
FXB =
FX8 =
BSUMP =
SSUMP =

2.*ASIN(1l.)
100

0.

2*PI
{DEG2-DEG1) /N
0.
0.
= 1,N-1

I*DDEG

(1+COS (X) /SORT (R**2— (SIN (X)) **2) }**2

{(COS(X)/R)**2) *{ (1+ (SIN(X)**2) / (R**2-SIN{X)**2)))

BSUMP + FXB
SSUMP + FXS

13 CONTINUE )

FXBO
FXBN
FX80
3
FXSN =
3
BIG
SML =
VBMEAN4
VSMEAN4
RETURN

{1+COS (DEG1) /SQRT (R**2— (SIN(DEG1) ) **2) ) **2
{1+COS (DEG2) /SQRT (R**2— (SIN (DEG2)} ) **2) ) **2
({COS (DEG1) /R) **2)

* ({1+(SIN(DEGL)**2)/ (R**2-SIN(DEGL)**2}))
{ (COS (DEGZ2) /R}**2)

* { {1+ (SIN(DEGZ2)**2) / (R**2-SIN(DEG2)**2)})
(+FXBO+FXBN+2*BSUMP) *DDEG/ 2
(+FXS0+FXSN+2*SSUMP) *DDEG/2
= BIG/{2*PI)
= SML/(2*PI}



c**ﬁ**ffn s A W s u_—****i*c
c ' SUBROUTINE TOR 1 ‘ c
c****i _____ oY L 1 X 1 L L SRR - o —— - i***'*c
SUBROUTINE TMEAN1 {FCOE, SDEGB, ¥B, CDEGB, FM, SCB, PLB, BRB, TRB, VLB, RADC
s ,TOR1, PI) .
N = 360
D1 = SDEGB
D2 = CDEGB
D3 = 180-CDEGB
D4 = 180-SDEGB
DEGO = O.
DEGN = 360.
DDEG = (DEGN-DEGO) /N
SUMP = O.
DO 10 I = O,N,1

X = I*DDEG
IF ((X.GE.D1l).AND. (X.LT.D2)} THEN
§ = (FB-BRB)*(1-COS{ (X~-D1)*PI/180 131/1000
Vv = (FB-BRB}*RADC*SIN( (X-D1)*PI/180 y/1000
A = (FB-BRB)™* (RADC**2)}*CO5 ( (x-D1)*PI/180 )/1000
FX = -1*(SCB*S+PLB+FH*A)*(FCOE*(BRB/1000+S)+V/RADC)
ELSE
IF ((X.GE.D2).AND, (X.LE.D3)) THEN
S = ((BRB+VLB-TRB)*SIN( X*PI/180 )+TRB~BRB) /1000

Vv = (BRB+VLB-TRB)*RADC*COS( X*PI/180 ) /1000

A = -1* (BRB+VLB-TRB)*{RADC**2)*SIN( X*PI/180 y/1000

FX = -1*{SCB*S+PLB+FM*A) * (FCOE* (BRB/1000+5) +V/RADC)
ELSE

IF ((X.GT.D3).AND. (X.LE.D4}) THEN
S = (FB-BRB)* (1+COS( (X+D1)*PI/180 ))/1000
v = -1*(FB-BRB) *RADC*SIN( (X+D1}*PI/180 )/1000
A = -1*(FB-BRB)* (RADC**2}*C0S( (X+D1)*PI/180 )y /1000
FX = -1*(SCB*S+PLB+FM*A) * (FCOE* (BRB/1000+5) +V/RADC)
ELSE
FX
ENDIF
ENDIF
ENDIF
SUMP = SUMP + FX
10 CONTINUE
TOR1 = SUMP/N
RETURN

0

o e e e e e o it A O W e e e e e e e et *ii***c

c , SUBROUTINE TOR 2 (o]
c*i*ii _______________________ BT T U T U 0 T T e o e e e e ek A e S ot M it i*i*t*c
SUBROUTINE TMEAN2 (FCOE,SDEGB,FR,CDEGB, FMB, 5C, PLB, BRB, TRB, VLB, RADC
] ,TORZ2,PI)

360
SDEGB
CDEGB
180-CDEGB
180-SDEGB
0.

DEGN = 360.

DDEG = (DEGN-DEGO)/N

SUMP = 0.
Do 10 I = O,N,1

X = I*DDEG
IF {(X.GE.D1l).AND. (X.LT.D2)) THEN

S = (FB-BRB)*(1-COs( (X-D1)*PI/180 ))/1000

Vv = (FB-BRB)*RADC*SIN( (X-D1)*PI/180 }/1000

A = (FB-BRB)* (RADC**2)*COS({ (X-D1)}*PI/180 }/1000

FX = -1*(SC*S+PLB+FMB*A) * (FCOE* (BRB/1000+5)+V/RADC)
ELSE -

IF ((X.GE.D2).AND. (X.LE.D3)) THEN ]

8 .= ((BRB+VLB-TRB)*SIN( X*PI/180 )+TRB-BRB} /1000
V = (BRB+VLB-TRB)*RADC*COS( X*PI/180 )/1000

=)
W
[ TR SR
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A = —1*(BRBHVLB-TRB)* (RADC**2)*SIN({ X*P1/180 )/1000
. FX = -1%(SC*S+PLEB+FMB*A) * (FCOE* (BRB/1000+5) +V/RADC)
ELSE
IF ((X.GT.D3).AND.(X.LE.D4)) THEN
S = (FB-BRB)*{1+COS{ (X+D1)*PI/180 })/1000
V = -1*(FB-BRB) *RADC*SIN{ (X+D1)*PI/180 )/1000
A = —1* (FB-BRB)* (RADC**2) *COS( (X+D1)*P1/160 )/1000
FX = -1%(SC*S+PLB+FMB*A)
* (FCOE* (BRB/1000+5) +V/RADC}
ELSE
FX = 0
ENDIF
ENDIF
ENDIF
SUMP = SUMP + FX
10 CONTINUE
TORZ = SUMP/N

RETURN
END
cii*** _______________________ FRFEET T L T Y e——— ket kbt iiii**c
c SUBROUTINE TOR 3 C
¥ ¥ HH e m e — et T U e T U o e e o LA A L o
SUBROUTINE TMEAN3(rcoz,SDEGB,rB,CDEGB,FHB,SCB,PL,BRB,TRB,VLB,RADC
$ ,TOR3,PI}
N = 360
Dl = SDEGB
D2 = CDEGB
D3 = 180Q-CDEGB
D4 = 180-SDEGB
DEGO = 0.
DEGN = 360,
DDEG = (DEGN-DEGO)} /N
SUMP = 0.
po 101 = 0,N,1
X = I*DDEG
IF ((X.GE.Dl).AND.(x.LT.DZ)) THEN
S = (FB-BRB)*(1-COS( {X-D1)*PI/180 })/1000
Vv = (FB-BRB)*RADC*SIN{ (X-D1)*PI/180 )/1000
A = (FR-BRB)* [RADC**2)*COS( (X-D1}*PI/180 } /1000
FX = —1*(5CB*5+PL+FMB*A)*(FCOE*(BRB/1000+S)+V/RADC)
ELSE
IF ((X.GE.D2)}.AND.(X.LE.D3)) THEN
S = {{BRB+VLB-TRB}*SIN( X*PI/180 Y +TRB-BRB) /1000
Vv = (BRE+VLB-TRB)*RADC*COS( X*PI/180 )/1000
A = —1*(BRB+VLB—TRB)*(RADC**Z)*SIN( X*PI/180 ) /1000
FX = -1+*(SCB*S+PL+FMB*A) * (FCOE* {BRB/1000+S) +V/RADC)
ELSE
IF {{X.GT.D3).AND. (X.LE.D4)) THEN
S = (FB~BRB}* (1+COS{ (X+D1)*P1/180 }}/1000
V = -1*(FB~-BRB)*RADC*SIN{ (X+D1)*PI/180 })/1000
A = -1* (FB-BRB)* (RADC**2)*C05( (X+D1)*PI/180Q )/1000
FX = -1*(SCB*S+PL+FHB*A)*(FCOE*(BRB/1000+5)+V/RADC)
ELSE
FX =0
ENDIF
ENDIF
ENDIF
SUMP = SUMP + FX
10 CONTINUE
TOR3 = SUMP/N
RETURN
END
RN e ——— A e T R T W o e o i e e e
c SUBROUTINE TOR 4 cC
c*i*** _______________________ e A A R T W e e e oy ey S ****i*c
SUBROUTINE TMEAN4 (FCOE,SDEGB, FBR, CDEGBR, FMB, SCB, PLB, BR, TRB, VLB
3 , RADC, TOR4,PI)
N = 360 .

Ll = SDEGB
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D2 = CDEGBR

.D3 = 180-CDEGBR

D4 = 180-SDEGB

DBEGO = 0.

DEGN = 360.

DDEG = (DEGN-DBGO)/N

SuMp = 0.

Do 10 I = Q,N,1

X = I'DDEG

IF ({X.GE.D1l).AND. (X.LT.D2}) THEN
s = {(¥BR-BR}*{1-COS|( (X-D1)*PI1/180 )) /1000 -

VvV = (!BR—BR)'RADC*SIN{-(x-Dl)*PIIlOO ) /1000
A = (FBR-BR)* (RADC**2)*COS( (¥-D1)}*PI/160 ) /1000
FX = —1*{SCB*S+PLB+FHB*A)'(!COE*(BR/1000+3}+V/RADC)
ELSE
IF {(X.GE.D2).AND. (X.LE.D3)) THEN
s = ((BR+VLB-TRB)*SIN({ X*PI/180 )+TRB~BR)/1000
(BR+VLB-TRB} *RADC*COS ( X*PI/180 )/1000

v =

A = -1*(BR+VLB-TRB)* (RADC**2) *3IN( X*PI/180 ) /1000

FX = -1*(SCB*S+PLB+FMB*A)*(FCOE'(BR/1000+8)+VYRADC)
ELSE

IF ((X.GT.D3).AND. (X.LE.D4)) THEN
8 = (FBR-BR)*(1+COS( (X+D1)*PI/180 )1/1000
-1*% (FBR-BR) *RADC*SIN( (X+D1)*PI/180 }/1000
-1* (FBR~BR) * (RADC**2) *COS ( (X+D1) *PI/180 )/1000
~1* {SCB*S+PLB+FMB*A) * (FCOE* (BR/1000+S} +V/RADC)

v
A
X
ELSE
FX =0
ENDIF
ENDIF
ENDIF
SUMP = SUMP + FX
10 CONTINUE
TOR4 = SUMP/N
RETURN
END

Col e e e - o — 2 PR R R R N ——— e et LRt b Ll

c SUBROUTINE TOR 51 C
c*i**i_ - e B T W T W i o o o o A e e o
SUBROUTINE TMERNS51 (FCOE, SDEGB, FBTR, CDEGBTR, FMB, SCB, PLB, BR, TR, VLB,
9 RADC, TOR51, PI)
N 360
Dl SDEGB
D2 CDEGBTR
D3 180-CDEGBTR
D4 1980-SDEGB
DEGO = 0.
DEGN = 360.
DDEG (DEGN-DEGO) /N
SUMP = 0.
po 10 I = O,N,1
X = I*DDEG
IF ((X.GE.Dl}.AND. (X.LT.D2)) THEN
S = (FBTR-BR)*(1-COS({ (X-D1}*PI/180 })/1000
Vv = (FBTR-BR)*RADC*SIN( (X-D1)=*PI/160 )/1000
A = (FBTR~BR)* (RADC**2)*COS( (X-D1)*PI/180 )/1000
FX = -1*({SCB*S+PLB+FMB*A)* (FCOE* (BR/1000+3}+V/RADC)
ELSE
IF ((X.GE.D2} .AND. (X.LE.D3}) THEN
8 = {(BR+VLBE-TR)*SIN{ X*PI/180 )+TR-BR)/1000
V = (BR+VLB-TR)*RADC*COS({ X*PI/180 )/1000
A = -1* (BR+VLB-TR)* (RADC**2)*SIN{ X*PI/180 )/1000
FX = -1*(SCB*S+PLB+FMB*AL}* (FCOE* (BR/1000+5)+V/RADC)
ELSE
IF ({(X.GT.D3).AND. (X.LE.D4})) THEN
-8 = (FRTR-BR)*{1+COSY{ (X+D1)*PI/180 ))/1000

o e e ok ok

-~1* (FBTR-BR) *RADC*SIN{ {X+D1)*PI/180 )/1000
=1* (FBTR-BR) * (RADC**2) *CO5 ( (X+D1)*PI/180 ) /1000
-1* (SCB*S+PLB+FMB+*A) * {FCOE* (BR/1000+5) +V/RADC)

[ |

v
A
FX
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ELSE
X =0
ENDIF
ENDIF
ENDIF
SUMP = SUMP + FX
10 CONTINUE
TOR51 = SUMP/N
RETURN
END
c.i'*ii'i _______________________ i e T T e e e i e S 0 i-i-i-i-i-i-c
c SUBROUTINE TOR 5 c
ciitii _______________________ LR X T 21 2 5 K . - ii*tiic
SUBRQUTINE TMEANS (FCOE, SDEGB, FTR, CDEGTR, FMB, SCB, PLB, BRB, TR, VLB
$ , RADC, TOR5, PI)
N = 360
Dl = SDEGB
D2 = CDEGTR
D3 = 180~-CDEGTR
D4 = 180-SDEGB
DEGO = 0.
DEGN = 360,
. DDEG = (DEGN-DEGO) /N
SUMP = 0.
Do 101 =20,N1
X = I*DDEG
IF {{(X.GE.D1).AND. (X.LT.D2}) THEN
S = (FTR-BRB)*(1-C0S{ (X-D1)*R1/180 ))}/1000
V = (FTR-BRB)*RADC*SIN( (X-D1)*PI/180 }/1000
A = (FTR-BRB)* (RADC**2)*COS{ (X-D1)*PI/180 )/1000
FX = -1*{SCB*S+PLB+FMB*A) * (FCOE* (BRB/1000+5) +V/RADC)
ELSE
IF ((X.GE.D2}.AND.(X.LE.D3)) THEN
S = ((BRB+VLB~TR)*SIN{ X*PI/180 )+TR-BRB}/1000
V = (BRB+VLB-TR)*RADC*COS( X*PI/180 )/1000
A = —1*(BRB+VLB-TR}* {RADC**2}*SIN( X*PI/180 )/1000
FX = -1*(SCB*S+PLB+FMB*3) * (FCOE* (BRB/1000+5}+V/RADC)
ELSE
IF ({(X.GT.D3).AND. (X.LE.D4}) THEN :
S = (ETR-BRB)*(1+COS( (X+D1}*P1/180 )}/1000
V = -1*(FTR-BRB)*RADC*SIN( (X+D1)*PI/180 )}/1000
A = -1*(FTR-BRB)* (RADC**2)*COS( (X+D1)*PIL/180 }/1000
FX = -1*(SCB*S+PLB+FMB*A) * {FCOE* (BRB/1000+5)+V/RADC)
ELSE
FX = 0
ENDIF
ENDIF
ENDIF
SUMP = SUMP + FX
10 CONTINUE '
TORS = SUMP/N
RETURN
END
CR* kRN e e ——————— LR T 2Lk Ly e S L iy LELL L LT,
c SUBROUTINE TOR 6 . C
c**t*i _______________________ e e o e o A M e e s ****ii’c
SUBROUTINE TMEANS6 (FCOE, SDEGB, FVL,CDEGVL, FMB, S5CB, PLB, BRB, TRB,VL
$ .+RADC, TOR6, PI)
N = 360
Dl = SDEGB
D2 = CDEGVL
D3 = 180-CDEGVL
D4 = 180-SDEGB
DEGO = 0. '
DEGN = 360.
DDEG = (DEGN-DEGO) /N
SUMP = 0.

DO 10 I = 0Q,N,1
X = I*DDEG



2i8

IF {{X.GE.D1l).AND. (X.LT.D2)) THEN
. 8 w= (FVL-BRB)*{1-COS{ -(X-D1)*PI/180 })/1000
Vv = (FVL-BRB)*RADC*SIN({ (X-D1)*PI/160 }/1000
A = (PVL-BRB)*(RADC**2)*C03{ (X-D1)*PI/180 }/1000
" FX =m ~1* (SCB*S+PLB+FMB*A) * (FCOE* (BRB/1000+3) +V/RADC)
BLSE ,
IF {(X.GE.D2).AND. (X.LE.D3)) THEN
8 = ({BRB+VL~TRB)*SIN( X*PI/180 )+TRB-BRB)/1000
V = {BRB4VL-TRB)*RADC*COS{ X*PI/180 }/1000
A = -1*(BRB+VL-TRB) * (RADC**2)*SIN{ X*PI/180 )/1000
FX = -1* (SCB*S+PLB+FMB*A) * {PCOE* (BRB/1000+8) +V/RADC)
ELSE
IF ((X.GT.D3).AND.(X.LE.D4)) THEN.
S = (FVL-BRB)*(1+COS{ {X+Dl)*PI/180 ))/1000
-1* (FVL-BRB) *RADC*SIN( (X+D1)*PI/180 )/1000
~1* {PVL-BRB} * (RADC**2)*CQS( (X+D1)*PI/180 )/1000
-1*% (SCB*S+PLB+FMB*A) * (PCOE* (BRB/1000+5) +V/RADC)

v
A
FX
ELSE
FX = @
ENDIFP
ENDIF
ENDIF
SUMP = SUMP + FX
10 CONTINUE
TOR6 = SUMP/N
RETURN
END

Crrddrd_ - —— Tl R RN o e e e e ity e *****ic

o SUBROUTINE TOR 7 . C
c*ﬁt*t_ [ — - T I WU W W e ke o s e St e e i  m ey **i**ic
SUBRQUTINE TMEARNT (FCOE, SDEGB,FB,CDEGB, FMB, SCB, PLB, BRB, TRB, VLB, RADC
3, TOR7, PI)
N = 360
SDEGB
CDEGB
180-CDEGB
180-SDEGB
0.
360.
(DEGN-DEGQ) /N
SUMP = 0.
Do 1¢ 1=0,N,1
- X = I*DDEG
IF ((X.GE.D1l).AND.{X.LT.D2)) THEN
S = (FB-BRB)*(1-COS{ (X-D1)*PI/180 )}/1000
V = (FB-BRB)*RADC*SIN( ({X-D1)*PI/180 )/1000
A = (FB-BRB)*(RADC*+*2)*COS( (X-D1)*PI/180 )/1000
FX = -1*(SCB*S+PLB+FMB*A) * (FCOB* (BRB/1000+S) +V/RADC)
ELSE
IF ((X.GB.D2).AND. (X.LE,D3)) THEN
S = ((BRB+VLB-TRB}*SIN{ X*PI/180 )+TRB~BRB)/1000
V' = (BRB+VLB-TRB) *RADC*COS/{ X*PI/180 }/1000
A = -1*(BRB+VLB-TRB)* (RADC**2)*SIN({ X*PI/180 )/1000
FX = =1*(5CB*S+PLB+FMB*A) * (FCOE* {BRB/1000+5)+V/RADC)
ELSE
IF {{X.GT.D3).AND. (X.LE.D4)) THEN
8 = (FB-BRB)* (1+COS{ (X+D1)*PI/180 ))/1000
V = ~1*(FB-BRB)*RADC*SIN( (X+D1)*PI/180 )/1000
A = -1*(FB-BRB)* (RADC**2)*COS{ (X+D1}*PI/180 )}/1000
FX = -1*(SCB*S+PLB+FMB*A) * (FCOE* (BRB/1000+5) +V/RADC)
ELSE
FX = §
ENDIF
ENDIF
BNDIF :
SUMP = SUMP + FX
10 CONTINUE
TOR7 = SUMP/N
RETURN
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Ctt**tEND Py — I'T322 %3 4 3 F. [ _iil—ttic
Cc SUBROUTINE TOR 71 c
cw*t**_- - [—— BT T RN N e - — ***tiic
SUBROUTINE TMEAN71({FCOE,SDEGB,PB,CDEGB, PM, SC,PL, BR, TR, VL, RADC,
3 TOR?7, PI) .
N = 360
D1 = SDEGB
.D2 = CDEGB
D3 = 180~-CDEGB
D4 = 180-SDEGB
DEGO = O,
DEGN = 360.
DDEG = (DEGN-DEGO) /N
SUMP = 0.
po 10 I=0,N,1
X = I*DDEG
IF ((X.GE.Dl).AND. (X.LT.D2)) THEN
S = (FB-BR)*({1-COS( (X-D1}*PI/180 })/1000
V = (FB-BR)*RADC*SIN( (X-D1)*PI/180 )/1000
A = (FB-BR)*(RADC**2)*COS( (X-D1)*PI/180 }/1000
FX = -1%{SC*S+PL+FM*A)* (FCOE* (BR/2000+8) +V/RADC)
ELSE
IF ((X.GE.D2).AND.{X.LE.D3)) THEN
S = {(BR+VL~TR}*SIN{ X*PI/180 )+TR-BR)/1000
V = (BR+VL-TR) *RADC*COS( X*PI/180 )/1000
A = —-1*%(BR+VL-TR)}*{RADC**2)*SIN{ X*PI/180 )/1000
FX = -1*{SC*S+PL+FM*A)}* (FCOE* (BR/1000+S) +V/RADC)
ELSE
IF ((X.GT.D3).AND. (X.LE.D4}) THEN
S = (FB-BR)*(1+COS{ (X+D1)*PI/180 }}/1000
V = -1*(FB-BR)*RADC*SIN( (X+D1)*PI/180 )/1000
A = —1*(FB~-BR}* (RADC**2)*COS( (X+D1)*PI/180 )/1000
FX = -1*{SC*S+PL+FM*A)} * (FCOB* (BR/1000+5) +V/RADC)
ELSE
FX =0
ENDIF
ENDIF
ENDIF
SUMP = SUMP + FX
10 CONTINUE
TOR7 = SUMP/N
RETURN
END
c*i**i _______________________ A A A T W T U e o e o v Ay A e e i****ic
< {SEL1l} SUBROQUTINE FOR CALCULATION c
el 1.2 1 S capenmsprpepetomeit B R L E S 5 L 2 PR ittt Tkt

SUBRQUTINE SELl(RPH,GN,Gl,GZ,G3,G4,G5,GD,TEFF,GT)
IF (RPM.LE.1200.) THEN
GN = 1.
ELSE
IF [RPM.LE.1800.) THEN
GN = 2.
ELSE
IF (RPM.LE.2000.) THEN
GN = 3.
ELSE
IF (RPM.LE.2200,) THEN
GN = 4.
ELSE
GN = 5.
ENDIF
ENDIF
ENDIF
ENDIF
IF { GN.EQ.1l ) THEN
GT = Gl*GD
TEFF = 0.8
ELSE

219



220

I¥ { GN.EQ.2 ) THEN
. GT = G2*GD
TEFF = 0.8
ELSE
IF { GN.EQ.3 ) THEN
GT = G3*GD
TEFF = 0.85
ELSE
Ir ( GN.EQ.4 ) THEN
GT = G4*GD
TEFF = 0.9
ELSE
IF ( GN.EQ.5 ) THEN
GT = G5*GD
TEFF = 0.9
ELSE
WRITE(6,*) ' ENTER NEW GEAR NUMBER '
ENDIF
ENDIF
ENDIF
ENDIF
ENDIF
RETURN
END



MANKIN 2
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c**ii* ______ AR Rl N W e s e v e e e o e e i***iic
c PROGRAM FOR DETERMINATION OPTIMUN PARAMETERS c
c WRITEN BY ¢
c MR. PAIRAT LERTARAYAPONG c
c*i*** ____________ PR — T R R R W W e e v e e 0 i***iic

PROGRAM OPTIMUM

WRITE(6,*) ' ENTER ENGINE DISPLACEMENT VOLUME : (cc) !

READ(*,*) VDB

WRITE(6,*) ' ENTER AMOUNT OF INTERVAL OF PARAMETERS : (TIMES)'

READ(*,*} N

WRITE (6,*) ' ENTER ENGINB UPRER LIMIT SPEED : (RPM)

READ (*,*)  RPMH

WRITE(6,*) ' ENTER ENGINE LOWER LIMIT SPEED : (RPM) °

READ(*,*} RPML
WRITE(6,*) ' ENTER AMOUNT OF INTERVAL OF ENGINE SPEED : (TIMES)"

READ (*, *}
WRITE (6, *)
READ(*,*)

RPMN
* ENTER OPERATION ENGINE SPEED
ORPM

: (RPM) '

e BT U T T U o o i e e e e **tii*c

ci*ii* ————— — e o

AIRDEN = 1.17
DENHG = 13550.
FCOE 0.11
CORRK = 0.06
RALT 2.
PCLE 4.5
RCOM 1.18
NCCM =
DHE i0.
RP 0.5
RO 1.
PI 2.*ASIN(1l.)
PA = 101.325
ESM 0.9
EC 0.9
0.9
0.005
9.81*DENHG*DHE*0.0254/1000.
185.*1000.
95.7*1000.
0.0666252
25.
50.
12.

| I S| O NI O AN |

CONSTANT VALUE FOR CALCULATION
AIR DENSITY
MERCURY DENSITY
FRICTION COEFFICIENT IN CAM SURFACE
PULLEY RATIQ AT COCMPRESSOR
NUMBER OF CYLINDER AT COMPRESSOR
PERCENT CLEARRNCE AT COMPRESSOR : (%)
PERCENT BETWEEN MECH. LOSS WITH TOTAL LOSS I E 2]
CORRECTION FACTOR OF ALTERNATOR
PULLEY RATIO AT ALTERNATOR
PRESSURE RING CONSTANT
OIL RING CONSTANT
AMBIENT PRESSURE : (kPa)

(kg/m~3})
(kg/m~3)
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o it o ol

EXHAUST MANIFOLD PRESSURE AT FULL LOAD
OIL MINIMUM THICKNESS

EXHAUST MANIFOLD PRESSURE AT PULL LORD
BCCENTRICITY RATIO IN CRANK-SHAFT BEARING
ECCENTRICITY RATIO IN CONNECTION ROD BIG-END
ECCENTRICITY RATIO IN CONNEBCTION ROD SMALL-END
ENTHALPY AT SATURATED VAROUR
ENTHALPY AT SATURATED LIQUID
SPECIFICE VOLUME OF REFRIGERANT

ol O T U oy e e e R e O e e W

OPEN(UNIT-T,FILB-'BASB.DAI',STAIUS-'OLD'}

READ (7,*)
READ(7,™*)
REBAD(7,*)
READ(7,*)
REBAD({7,*)
RERD(7,*)
REBAD{7,*}
READ(7,*}
RBAD(7,*)
READ(7,*}
READ (7, *)
READ(7,*)
REBAD (7, *)

VISB, RCRANKB, CRANKLB, CCRANKB, BN, QB

RKB, EMB, ECB, CONDR, EVARP, BCOMB, SCOMB
BPRESSB, BOILB, NPRESSB, NOILB
BRCONB, BCCONB, BLCONB
SRCONB, SCCONB, SLCONB

NCB, BOREB, ARMB, CONLB

NVCB, SDEGB, TRB, VLB

#MB, SCB, PLB, BRB

RDALTB, RLALTB

DVB, RCB, NVB

PCB, PISLB
G1,G2,G3,G4,G5,GD

CDB, ARBAB, FRB, MGB, WR

(INCH)
{mm)
(kPa)

{kI/kg)
(kI /kg)
{(m~3/kg} C

c
Cc
c
c
c
c
c
C

DATA LIMIT FOR CALCULATION-

READ(7, *)
READ (7,*)
READ (7, *}
READ (7, *)
READ (7, *)
READ(7,*)
READ(7,*)
READ(7,*)
READ (7,*)
READ(7,*)
READ(7,*)
READ (7, %)
READ(7,*)
READ (7, *)
READ (7, *}
READ (7,*)
READ (7,*)
READ (7, *)
READ (7, *)
READ(7,*)
READ (7, *)
READ (7, %)
READ(7,*)
READ(7,*)
READ (7, *)
READ (7, *)
READ(7,*)
READ(7,*)
READ (7, *)
READ(7,*)}
READ(7,*)
READ {7, *)

s o e e

CCRANKEL, CCRANKH
BRCONL, BRCONH
BCCONT,, BCCONH
BLCONL, BLCONH
SRCONL,, SRCONH
SCCONL, SCCONH
SLCONL, SLCONH
BPRESSIL, BPRESSH
BOILL, BOILH
BOREL, BOREH
VISL,VISH
ARML, ARMH
RDALTL, RDALTH
RLALTL, RLALTH
CONLL, CONLH
PISLL,PISLH
DVL, DVH

RCL, RCH

PCL, PCH

FML, PMH

SCL, SCH
PLL,PLH

BRL, BRH

TRL, TRH
VLL,VLH

QL, QH

CDL, CDH

AFL, AFH

FRL, FRH

MGL, MGH

ENGINE PARAMETERS

ABSOLUTE VISCOSITY

RADIUS OF CRANK-SHAFT BEARING
CRANK-SHAFT BEARING WIDTH

RADIUS CLEARANCE IN CRANK-SHAFT BERRING
AMOUNT OF BEARING SUPFPORT

REFRIGERANT ISENTROPIC INDEX
MECHANICAL EFFICIENCY

COMPRESSION EFFICIENCY

CONDENSOR PRESSURE

EVAPOURATOR PRESSURE

ar wa

{Pa)
(Pa)

annononoaonoaanan
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PMIN2Z = 99939,

Do 2 J2 = O,N,1

DLCRANK = (CRANKLH-CRANKLL)/N

CRANKL = CRANKLL + J2*DLCRANK

PLCRANK = VISBE* (RCRANKB**3) *CRANKL* ( (2*PI)

C BCOMB = PISTON BORE AT CCMPRE33OR 1 (m) c
C SCcoMB COMPRESSOR STROKE LENGTH ¢ (m) c
C BPRESS = PRESSURE RING SURFACE DEPTH : (om) c
C BOIL = OIL RING SURFACE DEPTH : (mm) c
C NPRESS = AMOUNT OF PRESSURE RING c
C NOIL = AMOUNT OF OIL RING ‘ C
€ BRCON = RADIUS OF CONNRCTING ROD BEARING AT BIG-END : {m) C
C BCCON = RADIUS CLEARANCE IN CONNECTING ROD BIG-END : (m) C
C BLCON = CONNECTING ROD BEARING WIDTH AT BIG-END : (m) c
C SRCON = RADIUS OF CONNECTING ROD BEARING AT SMALL-END : {(m) - C
C SCCON = RADIUS CLEARANCE IN CONNECTING ROD SMALL~END : {m) c
¢ SLCON = CONNECTING ROD BEARING WIDTH-AT SMALL-END + (m) c
C NCB = NUMBER OF CYLIKDER c
C BORE = PISTON BORE ; (m) c
C ARM = CRANK ARM : (m} C
‘C CONL = CONNECTING ROD LENGTH : {m) c
C NVCB = NUMBER VALVE PER CYLINDER c
C SDEGB = STARTING ANGLE : {deg.) C
C TR = TIP RADIUS OF CAM . : () C
C BR = BASE RADIUS OF CAM :  (mm)} c
cC VL = VALVE FOLLOWER LIFT :  (mm) c
C M = VALVE FOLLOWER MASS : (mm) C
c sC = SPRING S5TIFFNSS : (N/m) c
C PL = VALVE PRELOAD : (N) c
C RDALTB = ROTOR DIRMETER OF ALTERATOR ¢ {m) c
C RLALTB = ROTOR LENGTH OF ALTERATOR : {m} c
c DV = INLET VALVE DIAMETER : (m) c
C RC = COMPRESSION RATIO c
C NVB = NUMBER OF INLET VALVE PER CYLINDER c
C PC = PISTON CLEARANCE . : (m) c
C PISL = PISTON SKIRT LENGTH s (m) ¢
cC G = GEAR RATIO IN 1-5 AND DIFFERENT C
c ¢p = DRAG COEFFICIENT c
C AREA = FRONTAL ARER {m~3) c
C FR = ROLLING COFFICIENT C
C MG = VEHICLE MASS + (kg c
C WR = WHEEL RADIUS 1 {m) C
ci*tt* _______________________ tt*******__._ ________________________ **t*t*c
c MAIN PROGRAM FOR CALCULATION C
c**it\l _______________________ A W W I i e e v — - **t**tc
DO 100 I1 = G,RPMN,1
DRPM = ({RPMH-RPML)/RPMN
RPM = RPML + I1*DRPM
RPMC = RPM/2
RADC = {RPMC*2*PI/&0)
c***w* _______________________ B R A WA W R N W e e o e o e e i P e e e i ******C
PMIN1 = 99999.
Do 1 Jl = 0,N,1
DRCRANK = (RCRANKH-RCRANKL) /N
RCRANK = RCRANKL + J1*DRCRANK
PRCRANK = VISB* {RCRANK**3)*CRANKLB* {[2*PI)
3 / (CCRANKB*SQRT (1-EC**2) )} ((2*PI* (RPM/60) ) **2) *BN
WRITE(6,101) RPM, RCRANK, PRCRANK
IF { PMIN1.GT.PRCRANK ) THEN
PMIN1 = PRCRANK
¥MIN1 = RCRANK
ENDIF
1 CONTINUE
101 FORMAT{1X,F7.2,3%X,F7.5,3%,F7.2)
cttt** _______________________ TR W W T N W W o e o o o o o o vy i iy e v ii*i**c

/ (CCRANKB*SQRT (1-EC**2} }) *( (2*PI* (RPM/60) ) **2) *BN
WRITE (6,102) RPM,CRANKL, PLCRANK
IF ( PMIN2.GT.PLCRANK ) THEN

PMINZ = PLCRANK
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XMIN2 = CRANKL

_ENDIF
2 CONTINUE
102 PORMAT (1X,F¥7.2,3X,P7.5,3X,F7.2)
c"‘.iti L2 2 3 1 2 1 5 1 Frueresp ko o A Y U B e . S S g e S B i'itf’c
PMIND = 99999,
DO 3 J3 = O,N,1
DCCRANK = (CCRANKH-CCRANKL) /N
CCRANK = CCRANKL + J3*DCCRANK

PCCRANK = VISB* (RCRANKB**3) *CRANKLB* ( (2*PI)
$ / (CCRANK*SQRT (1-BC**2)) ) * ( (2*PI* (RPM/60) } **2) *BN
WRITE{6,103) RPM,CCRANK, PCCRANK
IF ( PMIN3.GT.PCCRANK } THEN
PMIN3 = PCCRANK
XMIN3 = CCRANK
ENDIF
3 CONTINUE
103 PORMAT(1X,P7.2,3X,E5.2,3X,F7.2)
Chnhatk PR T8 R P Y — Wk ek
IF (RPM.LE.1300,) THEN
DY = 5.9
ELSE
IF (RPM.LE.1700.) THEN
DH = 10.2
ELSE
IF (RPM.LE.2000.) THEN
DH = 11.
ELSE
IF (RPM.LE.2400.) THEN
DH = 12.
ELSE
IF {RPM.LE.2700.) THEN
DH = 13..
ELSE
IF (RPM.LE.3000.) THEN
DH = 13.7
ELSE '
. IF (RPM.LE.3400.) THEN
DH = 14.9
ELSE
IF (RPM.LE.3700.) THEN
DH = 15.9 i
ELSE
IF (RPM.LE.4000.) THEN
DH = 16.5
ELSE
WRITE({*,*) ' OVER ENGINE SPEED '
ENDIF
ENDIF
ENDIF
ENDIF
ENDIF
ENDIF
ENDIF
ENDIF
ENDIF
PMINE = 98999,
PO 6 Jé = O,N, 1

DDV = (DVH-DVL}/N

DV = DVL + J6*DDV

PIA = 9,81*DENHG*DH*(.0254/1000
CIMEP = 12.87*PA*((PIA/PA)-0.1)

PIG = PA-(CIMEP/12.8)-10.14

F a (NVB*NCB*(DV**2Z))}/(2*ARMB*PI*NCB* (BOREB**2)} /4)

PDPUMP = (PA-(CIMEP/12.8)-10.14+PE*{({(CIMEP*RPM)/({3904000))**2} +
8.9667* (SQRT (CIMEF/1124.3))* ( (RPM/1000)**1.7)
*({2.984/F}**1.28) + (SQRT({(PA-PIG)/97.94)}))

*{11.86* (RCB**0,4)~(3.38+0.103*RCB) * { (RPM/1000) **1,185)))
*1000* (2*ARMB*PI*NCB* (BOREB*+*2) /4) * (RPM/120)

48 4n 48w



WRITE (6,106} RPM,DV, PDPUMP
.IF {( PMING.GT.PDPUMP ) THEN
PMING = PDPUMP

AMING = DV
ENDIF
6 CONTINUE
106 FORMAT {1X,F7.2,3X,F5.3,3X,F7.2)
cii*ii _______________________ el e v W W e e g o e O e e e PO p——— itiii*c
XMIN7 = RCH
c***ii - o com e et TR T e T T i e e e o e e e e P e i *i**iic
PMING = 99999.
Do 8 J8.= O,N,1 ° .
DPC = {PCH-PCL) /N
PC = PCL + J8*DPC

PCPPIS = (VISB*PI*BOREB*PISLB/PC)* ((ARMB* (RPM/15))**2)*NCB
WRITE (6,108) RPM,PC,PCPPIS
IF ( PMINS8.GT.PCPPIS } THEN
PMING = PCPPIS

XMINE = PC
ENDIF
8 CONTINUE
108 FORMAT (1iX,6F7.2,3X,F9.6,3X,F7.2)
L8 L4 L P IRSVE S e T R T e o o e o e o o WA RREC

PMINS = 99999,
Do 9 J9 = O,N,1
DPISL = (PISLH-PISLL}/N
PISL = PISLL + J9*DPISL
PLPIS = (VISB*PI*BOREB*PISL/PCB)* ((ARMB* (REM/15))**2)*NCB
WRITE(6,109) RPM,PISL,PLPIS
IF ( PMIN9.GT.PLPIS )} THEN
PMINS = PLPIS
XMIN9 = PISL

ENDIF
9 CONTINUE
109 PORMAT (iX,F7.2,3X,F6.4,3X,F7.2)}
CHAF ¥ i m e —— = Tk e ot e W R e e o o e o LT EE Y,

PMIN1O = 99999.
po 10 Ji0 = O,N,1
DBPRESS = (BPRESSH-BPRESSL}/N
BPRESS = BPRESSL + J10*DBPRESS
CALL NUMZ (BPRESS,BCILB,RP,RO,H, HP4,HO4,HPS, HOS, HPE, HOE)
PBPRING = VISE*ARMB*2*PI* (RPM/60)* (4*HO4=-3* (HO5**2) /HO6+BOILB
] * (1-RO) / {1+RO) ) *4 *ARMB*PI*BOREB* (RPM/60) *NOILB*NCB +
$ VISB*ARMB*2*PI* (RPM/60)* (4*HP4-3* (HP5**2) /HP6+ (BPRESS
] * (1~RP) / {1+RP} ) /H) *4 *ARMB*PI*BOREB* (RPM/60) *NPRESSB*NCB
WRITE(6,110) RPM,BPRESS,PBPRING
IF { PMIN10.GT.PBPRING ) THEN
PMIN1O = PBPRING
¥MIN10 = BPRESS
ENDIF
10 CONTINUE
110 FORMAT (1X%,F7.2,3X,F3.1,3X,F7.2)
c**t** _______________________ 22T R E X
PMIN11 = 99999,
Do 1i J1i = O,N,1
DBOIL = (BOILH-BOILL}/N
BOIL = BOILL + J11*DBOIL
CALL NUM3 (BPRESSB,BOIL,RP,RO,H,HP7,HOT, HP8,HOB, HPS, HO9)
PBORING = VISB*ARMB*2*PI* (RPM/60)* (4*HOT7-3* (HO8**2)/HO9+BOIL
[ * {1-RO}/ (14RO) } *4 *ARMB*PI*BOREB* (RPM/60} *NOILB*NCB +
] VISB*ARMB*2*DPI* (RPM/60) * (4*HP7-3* (HP8**2) /HP9+ (BPRESSB
S * (1-RP)/ {1+RP) } /H) *4*ARMB*PI*BOREB* (RPM/&0) *NPRESSB*NCB
WRITE (6,111} RPM, BOIL, PBCRING
IF ( PMINi1l.GT.PBORING ) THEN
PMIN11 = PBORING
XMIN11 = BOIL
ENDIF
11 CONTINUE '
111 FORMAT(1X,F7.2,3%,F3,1,3%X,F7.2)
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_ PMIN12 = 99999.
Do 12 J12 = O,N,1
DBRCON = (BRCONH-BRCONL) /N
BRCON = BRCONL + J12*DBRCON
CALL MBAN1 (CONLB, ARMB, VEMEAN1, VSMEAN1)
PBRCON = VISB* (BRCON**3) *BLCONB* { (2¢PI) / (BCCONB*SQRT (1-E**2)))
* ({2*PI1* (RPM/60) ) **+2) *NCB*VEMEAN1 +
VISE* (SRCONB**3) *SLCONB* { {2*PI) / (SCCONB*SQRT (1-ESM**2)))
* ( (2*PX* (RPM/60) ) **2) *NCB*VSMEAN1
WRITE(6,112) RPM, BRCON, PBRCON
IF ( PMIN12.GT.PBRCON ) THEN
PMIN12 = PBRCON
XMIN12 = BRCON

W0 4 4.

ENDIFP
12 CONTINUE
112 FORMAT (1X,¥7.2,3X,F6.4,3X,F7.2)
ot LE A - S L 1 4 P B e m———— *EwRk RO

PMIN13 = 99999,
DO 13 J13 = O,N,1
DBCCON = (BCCONH-BCCONL) /N
BCCON = BCCONL + J13*DBCCON
CALL MBAN1 (CONLB,ARMB, VEBMEAN1, VSMEARN1)
PBCCON = VISB* (BRCONB**3)*BLCONB* ( (2*PI)/{BCCON*SQRT (1-E**2)}]}
$ * ( (2*PI* (REM/60) ) **2) *NCB*VEMEAN1 +
$ VISB* (SRCONB**3) *SLCONB* ( (2*PI}/ {SCCONB*SQRT (1~ESM**2}})
$ * ( (2%PI* (RPM/60) ) **2) *NCB*VSMEAN1
WRITE (6,113} RPM, BCCON, PBCCON
.IF { PMIN13.GT.PBCCON ) THEN
PMIN13 = PBCCON
XMIN13 = BCCON

ENDIF
13 CONTINUE
113 FORMAT{1X,F7.2,3X,F8.2,3X,F7.2)
CH*H* A H e ——r—————— BA R AT NN e e e e e e ot e e e e " ke W (T

PMIN14 = 99999,
Do 14 J14 = Q,N,1
DBLCON = (BLCONH-BLCONL) /N
BLCON = BLCONL 4+ J14*DBLCON
CALL MEAN1 (CONLB, ARMB, VBMEAN] , VSMERN1 )
PBLCON = VISB* (BRCONB**3)*BLCON* ((2*PI)/(BCCONB*SQRT (1-E**2))}
$ *((2*PI*{RPM/60))**2) *NCB*VBMEAN]1 +
$ VISB* (SRCONB**3} *SLCONB* ( (2*PI)/ (SCCONB*SQRT (1-ESM**2} )}
$ *{(2*PI*(RPM/60))**2) *NCB*VSMEAN1
WRITE (6,114) RPM,BLCON,PBLCCN
IF { PMIN14.GT.PBLCON ) THEN
PMIN14 = PBLCON
XMIN14 = BLCON
ENDIF
14 CONTINUE
114 FORMAT(1X,F7.2,3X,F5.3,3X,F7.2)
T e o o o et et . e e e T T T T e e e e i e e LA L AT
PMIN15 = 99999,
Do 15 J15 = O,N,1
DSRCON = (SRCONH-SRCONL}/N
SRCON = SRCONL + J15*DSRCON
CALL MEAN1 (CONLB,ARMB,VBMEAN], VSMEAN])
PSRCON = VISB* (BRCONB**3) *BLCONB* ( (2*PI)/ (BCCONB*SQRT {1-E**2) )}
* ({2*PI* (RPM/60))**2) *NCB*VBEMEAN1 +
VISB* (SRCON**3) *SLCONB* ( (2*PI)/ (SCCONB*SQRT (1-ESM*+*2}))
- * ({2*PI* (RPM/60) ) **2) *NCB*VSMEANL
WRITE (6,115} RPM, SRCON, PSRCON
IF { PMIN15.GT.PSRCON )} THEN
PMIN1S = PSRCON
XMIN1S = SRCON

5 40 in

ENDIF
15 CONTINUE
115 FORMAT (1X,F7.2,3X,F6.4,3%,¥7.2)
c**“‘i’* _______________________ Wrodr g o W v e e o

___________________________ L R o
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PMIN1G = 99999.
DO 16 J16 = O,N,1
DSCCON = (SCCONH-SCCONL) /N
SCCON = SCCONL + J16+DSCCON
CALL MEAN1{CONLE,ARME, VBMEANL, VSMEAN1)
PSCCON =~ VISB* (BRCONB**3) *BLCONB* ( {2*PI}/ (BCCONB*SQRT (1-E**2)))
] * ((2*PI* (RPM/60))**2) *NCB*VEMBAN1 +
3 VISB* (SRCONB**3) *SLCONB* ( {2¢PI)/ (SCCON*SQRT (1-ESM**2) )}
$ * ({2*PI* (RPM/60) ) **+2} *NCB*VSMEAN1
WRITE(6,116) RPM,SCCON, PSCCON
IF ( PMIN16.GT.PSCCON )} THEN
PMIN16 = PSCCON
XMINL6 = SCCON

ENDIF
16 CONTINUE
116 FORMAT (1X,F7.2,3X,E8.2,3X,F7.2)
O T I e e e e e o st i i e e e Tt Tl e W T e e e e e e e s A e i e s ‘A2 AL sl

PMINL17 = 99999.
Do 17 J17 = Q,N,1
DSLCON = (SLCONH-SLCONL) /N
SLCON = SLCONL + J17*DSLCON
CALL MEAN1 (CONLB, ARMB,VEMEAN1, VSMEAN1)
PSLCON = VISB* (BRCONB**3) *BLCONB* ( (2*PI)/ (BCCONB*SQRT (1-E**2)))
] * ((2*PI* (RPM/60) )} **2) *NCB*VBMEAN] +
$ VISB* (SRCONB**3) *SLCON* { (2*PI) / (SCCONB*SQRT (1-ESM**2}))
3 *((2*PI* (RPM/60} ) **2) *NCB*VSMEAN]
WRITE(6,117) RPM,SLCON,PSLCON
IF ( PMIN17.GT.PSLCON ] THEN
PMIN17 = PSLCON
XMIN17 = SLCON

ENDIF
17 CONTINUE
117 FORMAT (1X,F7.2,3X,F5.3,3%,F7.2)
CHMrEH e ————— TR RN AN H I W e e e e e et o o i e m XL,
¥MIN18 = CONLH
Pl £ 4 L S — A H N A AN e e e m e —— m— e ———— ek

PMIN19 = 99999.
DO 19 J19 = O,N,1
DFM = (FMH-FML)/N
FM = FML + J19*DFM
CALL TMEAN] (FCOE, SDEGB, FB, CDEGB, FM, SCB, PLB, BRE, TRB, VLB, RADC, TOR1
$ ,PI) . ‘
PFCAM = -TOR1*RADC*NCB*NVCB
WRITE(6,119) RPM,FM, PFCAM
IF ( PMIN19.GT.PFCAM ) THEN

PMIN1S = PFCAM
XMIN19 = FM
ENDIF

19 CONTINUE
119 FORMAT (1X,F7.2,3X,F4.2,3X,F7.2) _
c***** _______________________ AT A W W W o e o o e - S l‘i**i*c
PMIN2Q = 99999, '
Do 20 J20 = O,N,1
DSC = (SCH-SCL)/N
5C = SCL + J20*D5C
CALL TMEAN2 (FCOE, SDEGB, FB, CDEGB, FMB, SC, PLB, BRB, TRB, VLB, RADC, TOR2
$,PI)
PSCAM = ~TOR2*RADC*NCB*NVCB
WRITE(6,120) RPM, SC, PSCAM
IF { PMIN20,GT.PSCAM ) THEN
PMIN20 = PSCAM
XMIN20 = SC
ENDIF
20 CONTINUE
120 FORMAT (1X,F7.2,3%,F7.1,3%X,F7.2)
ci**** _______________________ PR TN T W T o s o e **ii**c
PMIN21 = 99999.
DO 21 J21 = Q,N,1
DPL = {(PLH=-PLL)/N
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PL = PLL + J21*DPL )
CALL TMEAN3 (FCOE, SDEGB, FB, CDEGB, FMB, SCB, PL, BRB, TRB, VLB, RADC, TOR3
8,PI)
PPCAM = ~TOR3*RADC*NCB*NVCB
WRITE (6,121} RPM,PL, PPCAM
IPF ( PMIN21.GT.PPCAM ) THEN
PMIN2] = PPCAM

XMIN21 = PL
ENDIF _
21 CONTINUE :
121 FORMAT (1X,F7.2,3X,¥5.1,3X,F7.2)
c*tti* prpspeney 2 X222 22 3 ) [ - *i**i*c

PMIN22 = $9999.
Do 22 J22 = O,N,1
DBR = (BRH-BRL)/N
BR = BRL + J22*DBR
Do 23 J23 = O,N,1 .
DTR = (TRH-TRL}/N
TR = TRL + J23*DIR
FBTR = (BR¥*2-TR**2+ (BR+VLB-TR)**2
-2*BR* (BR+VLB-TR) *SIN (SDEGB*PI/180) )
/ (2* (BR-TR- (BR+VLB-TR}
*SIN (SDEGB*PI/180)))
CDEGBTR = (ACOS((FBTR-BR)*COS (SDEGB*PI/180)
/ (FBTR-TR) ) }*180/PI
CALL TMEANS1 (FCOE, SDEGB, FBTR,CDEGBTR, FME, SCB, PLB, BR, TR
, VLB, RADC, TOR51, PI)
PBTCAM = -TORS1*RADC*NCB*NVCB
WRITE(6,122) RPM,BR,TR, PETCAM
IF { PMIN22.GT.PBTCAM ) THEN
PMIN2Z2 = PBTCAM

<« < 44 45 40

XMIN22 = BR
XMIN23 = TR
ENDIF .
23 CONTINUE ’
22 CONTINUE
122 FORMAT (1X,F7.2,3X,F5.2,3%,F4.2,3%,F7.2)
c*i*ti _______________________ PR I A T W W o v et e i e e _*__**i**tc
PMIN24 = 99999.
DO 24 J24 = O,N,1

DDVL = (VLH-VLL)/N
VL = VLL + J24*DDVL
FVL = (BRB**2-TRB**2+{BRB+VL-TRB)**2-2*BRB* (BRB+VL-TRB)
*SIN (SDEGB*PI/180))
/ (2* (BRB-TRB- {BRB+VL-TRB) *SIN{SDEGB*PI/180}))
CDEGVL = (ACOS ((FVL-BRB)*COS (SDEGB*PI/180)
/ (FVL-TRB} })*180/PI
CALL TMEANG (FCOE, SDEGB, FVL, CDEGVL, FMB, SCB, PLB, BRB, TRB, VL, RADC
$,TORS6, PI)
PVCAM = -TOR6*RADC*NCB*NVCB
WRITE(6,124) RPM,VL,PVCAM
IF { PMIN24.GT.PVCAM ) THEN
PMIN24 = PVCAM
XMIN24 = VL
ENDIF
24 CONTINUE
124 FORMAT(1X,F7.2,3X,F4.1,3X,F7.2)

«a B

C*** A e m—————————— e ———— g R LT 2L PRSP LT 2 Tl
CALL P311 (RPM, BOREL,BOREH,VISL,VISH,CONLB, BN, NPRESSB,NOILB,
3 NCB, RP,RC, PI,H,EC,E, ESM, RCRANKB, CRANKLB, CCRANKB, BPRESSE,
3 BOILB, BRCONB, BCCONB, BLCONB, SRCONB, SCCONB, SLCONB, PCB, PISLB,
$ VDB, XMIN25,XMIN26, XMIN27)
NN e = B 2 et S 222 LT T

RPM = RPML + I1*DRPM
CALL SEL1(RPM,GN,G1,G2,G3,6G4,G5,GD, TEFF,GT)
PMIN28 = 99999,
DO 28 K28 = O,N,1
DCD = (CDH-CDL)/N
CD = CDL + K28*DCD
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PAIRC = 0.5*CD*AIRDEN*AREAB*( {(RPM/60)*2*PI*WR/GT )**3
IF (PMIN28.GT.PAIRC) THEN
PMIN28 = PAIRC

XMINZD = CD
ENDIF
28 CONTINUE
Ctttf*--_- R dg il bW *i*tiic
PMIN29 = 99999,
DO 29 K29 = O,N,1
DAF = (AFR-AFL)/N
AF = AFL + K29*DAF
PATIRA = 0.S5*COB*ALIRDEN*AF*({ (RPM/60)*2*PI*WR/GT }**2
IF (PMIN29.GT.PAIRA) THEN
PMIN29 = PAIRA
XMIN29 = AF
ENDIF
29 CONTINUE
ci*iti _______________________ X2 'R X 3 XK U - - - __ttii*tc
PMIN30 = 99999,
DO 30 K30 = O,N,1
DFR = (FRH-FRL)/N
FR = FRL + K3IO*DFR
PROLLF = FR*MGB*9.81*( (RPM/60)*2*PI*WR/GT )
IF (PMIN30.GT.PROLLF} THEN
PMIN30 = PROLLF
XMIN30 = FR
ENDIF
30 CONTINUE
c***** _______________________ Al e i T O T T e e i e o e o e e e e e e it e R e S e . i o e i**iiic
PMIN31 = 99999,
Do 31 K31 = O,N,1
DMG = (MGH-MGL)/N
VMG = MGL + K31*DMG
PROLLM = FRB*VMG*9.81%( (RPM/60}*2*PI*WR/GT )
IF (PMIN31.GT.PROLLM) THEN
PMIN31 = PROLLM
XMIN31l = VMG
ENDIF
31 CONTINUE
Ct**ii _______________________ T e e o o W e v e e e e S e e s L - iiiit*c

CALL ACCESS (N, RPM, BCOMB, SCOMB, RKB, EMB, ECB, RDALTB, RLALTB, QL, QH,
$RDALTL, ROALTH, RLALTL, RLALTH, RCOM, NCOM, PCLE, H1, H2, V1, FRAC, EVAPP,
$CONDP, CORRK, RALT, PATRQ, PALTD, PALTL, PI, Q, AMPB, VOLTS, RDALT, RLALT,
$XACC1, XACC3, XACCY)

C***** _______________________ e e v W i W T W i e e e A e - —— — — - i*****c

OPEN (UNIT=1, FILE='RESULT3.0UT', STATUS="'0LD") '

WRITE{1,140) RPM,VDB
WRITE (1,141) XMIN1
WRITE(1,142) XMIN2
WRITE(1,143) XMIN3 _
WRITE(1,146) XMIN6 .
WRITE(1,148) XMIN®
WRITE(1,149) XMINS
WRITE (1,150} XMIN10
WRITE(1,151) XMIN1l
WRITE(1,152) XMIN12
WRITE(1,153) XMIN13
WRITE (1,154) XMIN14
WRITE(1,155) XMIN1S
WRITE(1,156) XMIN16
WRITE(1,157) XMIN1?7
WRITE(1,159) XMIN19
WRITE(1,160) XMIN20
WRITE(1,161) XMINZ21
WRITE (1,162) XMIN22
WRITE(1,163) XMIN23
WRITE(1,164) XMIN24
WRITE(1,165) XMIN2S
WRITE(1,166) XMIN26
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WRITE(1l,167) ¥MIN27
WRITE(1,168) XMIN2B
WRITE(1,169) XMIN29
WRITE({1l,170) XMIN30
WRITE(1,171) XMIN31
WRITE(1l,172) XACCl
WRITE(1l,174) XACC3
WRITE(1,175) XACC4
WRITE(1,*) * '
100 CONTINUE '
Chriiririr A T W I Y i e e e 2 e e e we e el e
140 FORMAT (' ENGINE SPEED : *,F7.2,' (RPM) : ',F6.1," {cC) ')
141 FORMAT(' RADIUS OF BEARING IN CRANKSHAFT ',T46,F8.5,"' (m)
142 FORMAT (' BREARING WIDTH IN CRANKSHAFT ',T46,F8.5,"' (m}-
143 PORMAT (' RADIUS CLEARANCE IN CRANKSHAFT ',T48,B8.2,' (m)
146 FORMAT (' INLET VALVE DIAMETER ',T48,F8.4,' (m)
148 FORMAT (' PISTON CLEARANCE t,T48,F8.6,' (m)
149 FORMAT (' SKIRT LENGTH ', T48,F8.4,' (m})
150 FORMAT (" PRESSURE RING DEPTH ',T48,F8.1," (nm)
151 FORMAT{' OIL RING DEPTH ',T48,PF6.1,"' (mm)
152 FORMAT (' RADIUS BEARING AT BIG-END SIDE ',T46,F8.4,"' (m)
153 FORMAT{' RADIUS CLEARANCE AT BIG-END SIDE ', T46,E8.2,' (m}
154 FORMAT (' BEARING WIDTH AT BIG-END SIDE ',T48,F8.3,"' (m)

-
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155 FORMAT (' RADIUS BEARING AT SMALL-END SIDE ',T48,F8.4,"' (m) )
156 FORMAT(' RADIUS CLEARANCE AT SMALL-END SIDE: ', T48,E8.2,' (m) ")
157 FORMAT (' BEARING WIDTH AT SMALL-END SIDE ',T48,F8.3,"' (m) ")
156 FORMAT (' VALVE FOLLOWER MASS : ',T48,F8.4,"' (kg) ")
160 FORMAT (' SPRING STIFFNESS , : ',T48,F8.1,' (N/m) ')
161 FORMAT (' VALVE PRELOAD : ',T48,F8.1,' (N) ')

" 162 FORMAT (' BASE RADIUS : ',T48,F8.2,!' (mm) ')
123 FORHAT:: TIP RADIUS : :,qu,rg.i,' }mm) :;

164 FORMAT(' VALVE LIFT : ',T48,F8.1,"' (rmm)

165 FORMAT (' ABSOLUTE VISCOSITY : ',T48,F8.4,' (Pa.s)')
166 FORMAT({' BORE : ',qu,rg.4,: (m) H)
167 FORMAT (' CRANK ARM : ',T48,F8.5,' (m) "
168 FORMAT (' DRAG COEFFICIENT : ',T48,F8.2,"' 'y
169 FORMAT (' FRONTAL AREA : ',T48,F8.2,"' (m~2) ")
170 FORMAT (' ROLLING COEFFICENT : ',T48,F8.5,"' ')
171 FORMAT (' VEHICLE MASS : ',T48,F8.1,"' (kg) ')
172 FORMAT({' COOLING LOAD : ', T48,F7.2,' (W) ")
174 FORMAT({' ROTOR DIAMETER IN ALTERNATCR : ', T48,F7.4,' (m) |
175 FORMAT (' ROTOR LENGTH IN ALTERNATOR : ',T48,F7.4,"' (m) H)
C*****- P - e W A A W W s - — - ***titc
C POWER REQUIRED IN BASE LINE DATA ¢
c**t** __________ JE— e e W e T W e s i e et ttti**c

OPEN(UNIT=1,FILE='RESULT3.0UT',STAIUS='0LD')

WRITE(1,*) 'RPM:PCRANK:PAIR:PWP:PALTER:PPUMP:PPIS:PRING:PCON:PC
$AM: PTOTAL’

WRITE(1l,*) 'POWER REQUIRED AT BASE LINE DATA !
DG 210 12 = O,RPMN,1

DRPM = (RPMH-RPML}/RPMN
REM = RPML + I2*DRPM
RPMC = RPM/2
RADC = (RPMC*2*PI/60)
IF (RPM.LE.1300.) THEN
DHM = 9.9
ELSE
IF (RPM.LE.1700.) THEN
DHM = 10.2
ELSE :
IF (RPM.LE.2000.) THEN
DHM = 11.
ELSE
IF (RPM.LE.2400.) THEN
DHM = 12,
ELSE
IF (RPM.LE.2700.) THEN
DHM = 13.

ELSE



IF (RPM.LE.3000.) THEN

DHM = 13.7
ELSE
IF (RPM.LE.3400.) THEN
DHM = 14.9
ELSE .
IF (RPM.LE.3700.) THEN
DHM = 15.9
ELSE
IF (RPM.LE.4000.) THEN
DHM = 16.5
ELSE
WRITE (*,*) ' OVER ENGINE SPEED '
ENDIF
ENDIF
ENDIF
ENDIF
ENDIF
ENDIF
ENDIF
ENDIF
ENDIF
PIA = 9,81*DENHG*DHM*0.0254/1000
CIMEP = 12.87*PA* { (PIA/PA)-0.1)
PIG = PA-{CIMEP/12.8)}-10.14
FBB = (NVB*NCB*(DVB**2)})/(2*ARMB*PI*NCB* (BOREB**2)/4)
FB = (BRB**2-TRB**2+ (BRB+VLB-TRB) **2-2*BRE* (BRB+VLB-TRB)
3 *SIN (SDEGB*PI/180) )/ (2* (BRB-TRB- [BRB+VLB-TRB)
3 *SIN(SDEGB*PI/180)))

CDEGB = ACOS{ (FB-BRB)*COS(SDEGB*PI/180)/(FB~TRB) 1*180/PI
CALL NUM1 (BPRESSB, BQILE,RF,RO,H, HP1, HO1, HP2,HO2, HP3,HO3)
CALL MERN1 (CONLB,ARMB,VEMEAN1, VSMEAN1)
CALL TMEAN7 (FCOE, SDEGB, FB,CDEGB, FMB, SCB, PLB, BRB, TRB, VLB, RADC,
5 TOR7,PI)
Covinsvarenncne POWER LOSS FROM CRANK SHAFT BEARRING
PCRANK = VISB* (RCRANKB**3)*CRANKLB* ( (2*PI) -
3 / (CCRANKB*SQRT (1-EC**2) )} * ( (2*PI* (RPM/60) )} **2} *BN
Covennanne v+ POWER LOSS FROM AIR CONDITIONING
VOLEEF = 1.+ (PCLE/100.)*(1.~CONDE/EVAPP)
RPMCOOL = QB/ (H1-H2}*4.*60.*V1/
8 {PI*SCOMB*NCOM*VOLEEF*RCOM* (BCOMB) **2)
IF (RPM.LE.RPMCQOL) THEN
PAIR = (PI/4.)* (BCOMB**2.)*SCOMB*NCOM*RCOM* (RPM/60.) *VOLEEF
| *(RHB/ARKB-I.))*(1.-(CONDPIBVAPP)**((RKB-l.)/RHB))
] *EVAPP* (1./ (EMB*ECB) ) * (-1.),

ELSE
PAIR = QB/(H1-H2}*EVAPP*V1* (RKB/{RKB-1.))
5 * (1.~ (CONDP/EVAPP) ** | (RKB~1,) /RKB) )
3 *(1,/(EMB*ECB))*(-1.)
ENDIF
C...... tesesans POWER L0OSS FRCM WATER PUMP AND QIL PUMP
WP = 269.% ( (RPM/1000.)**1.5)/12.* (RPM*VDB/1000000.)
Covisanlann «+.. POWER LQOSS FROM ALTERNATOR LOAD

PALTER = AMPB*VOLTB + (100./FRAC)*(1/3.)*CORRK

s * { (RALT*PI*RDALTB*RPM/3048,)**2.5)*1000.
3 * (RDALTB/0.0254)* (RLALTB/0.0254}**0.5
Covivanenne ....POWER LOS5 FROM ACCESSORIES LOAD
PACC = PAIR+PWP+PALTER
Civanvennaa +++.POWER LOS5 FROM PUMPING LOSSES

PPUMP = (PA- (CIMEP/12.8)=10.14+PE*(( (CIMEP*RPM}/(3504000))**2) +
3 8.9667* (SQRT (CIMEP/1124.3) } * ( (RPM/1000) **1.7)*
3 ((2.984/FBB)**1.28) + .
$ (SORT { (PA~PIG) /97.94) ) * (11.86* (RCB**0.4)~(3.38+0.103*RCB)
3 * ( (RPM/1000.}**1.185)))*1000.* (2. *ARMB*PI*NCB* (BOREB**2.)
3 /4.)* (RPM/120.)
Ceveceoranesss.PONER LOS5 FROM PISTON SKIRT
PPIS = (VISB*PI*BOREB*PISLB/PCB)* ( {ARMB* (RPM/15))**2)*NCB
Cuveveeansesss . POWER LOSS FROM PISTON RING
PRING = VISB*ARMB*2*PI* {RPM/60)* {4*HO1-3* (HO2**2) /HOJ+BOILB*
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8 {1-RO) / {1+R0) } *4 *ARMB*PI*BOREB* (RPM/60) *NOILB*NCB +
3 VISB*ARMB*2*PI* (RPM/60)* (¢ *HP1~-3* (HP2**2) /HP3+ (BPRESSB*
8 {1-RP) / {1+RP) ) /H) *4*ARMB*PI*BOREB" (RPM/60) *NPRESSB*NCB

Civavsnnnsense«POWBR LOSS FROM CONNECTING ROD
PCON = VISB* (BRCONB**3) *BLCONB* ( (2*PI) / (BCCONB*SQRT (1-E**2)})

-8 *{(2*PI* (RPM/60))**2) *NCB*VBMEANL +
3 VISB* (SRCONB**3) *SLCONB* { (2*PI)/ (SCCONB*SQRT (1~ESM**2}))
9 * ((2*PI* (RPM/60))**2) *NCB*VSMEAN1

CuvicanneensnsrsPOWER LOSS FROM CAM LOAD
PCAM = -TOR7*RADC*NCB*NVCB
PTOTAL = PCRANK+PAIR+PWP+PALTER+PPUMP+PPIS+PRING+PCON+PCAM
OPEN (UNIT=1,FILE="'RESULT3.0UT', STATUS="OLD")
WRITE (1,202} RPM,PCRANK, PAIR, PWF, PALTER, PPUMP, PPIS, PRING,

$ PCON, PCAM, PTOTAL
WRITE(6,202) RPM, PCRANK, PAIR,PWP, PALTER, PPUMP, PP1S, PRING,
3 PCON, PCAM, PTOTAL

202 FORMAT{F6.1,1X,¥6.1,1X,PF6.1,1X, F6.1,1X,F6.1,1X,F6.1,1X,F6.1,
$1X,F6.1,1X,F6.1,1X,F6.1,1X,¥7.1)
210 CONTINUER

WRITE({l,*) ' !

WRITE(6,*} ' '

WRITE{1,*) ' POWER REQUIRED AT OPTIMUM DATA '
CF** k¥ e B H R R E R e e o o e e e TrTTIT,
c POWER REQUIRED IN OPTIMUM DATA c
o s T S T L I»

Do 211 13 = O,RPMN,1
DRFM = (RPMH-RPML)/RPMN
RPM = RPML + I3*DRPM
RPMC = RPM/2.
RADC = (RPMC*2*P1/60.)
XMIN7 = RCH
XMIN18 = CONLH
IF (RPM.LE.1300.} THEN
DHM = 9.9
ELSE
IF (RPM.LE.1700.) THEN
DHM = 10.2
ELSE
IF (RPM.LR,2000.) THEN
DHM = 11.
ELSE
IF {RPM.LE.2400.) THEN
DHM = 12.
ELSE
IF (RPM.LE.2700.) THEN
DHM = 13.
ELSE
IF (RPM.LE.3000.) THEN
DHM = 13.7
ELSE
IF (RPM.LF.3400.) THEN
DHM = 14.9 :
ELSE i
IF (RPM.LE.3700.) THE
DHM = 15.9
ELSE .
IF (RPM.LE.4000.) THEN
.DHM = 16.5
ELSE
WRITE(*,*} ' OVER ENGINE SPEED '
ENDIF
ENDIF
ENDIF
ENDIF
ENDIF
ENDIF
ENDIF
ENDIF
ENDIF

232
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PIA = 9.081*DENHG*DHM*0.0254/1000.
CIMEP = 12.87*PA*({ (PIA/PA}~0.1)
PIG = PA-{CIMEP/12.8}-10.14
FMM = (KVB*NCB* (XMIN6**2))*1000000./VDB
FEM = (XHINZZ‘*Z.-KHINZS**Z.+(xMIN22+XHIN24-XHIN23)**2.-
3 2 . #XMIN22* (XMIN22+XMIN24-XMIN23) *SIN (SDEGB*PI/180.))
3 /(2.* (XMIN22-XMIN23- (XMIN22+XMIN24-XMIN23)
3 *SIN(SDEGB*PI/180.)})
CDEGM = ACOS ( (!BK-XHINZZ)*COS(SDEGB*PI/IBO.)/(?EH—XHIN23))
-8 *180./P1

CALL NUHQ(xnINlO,XHINll,RP,RO,H,HPll,HDll,HPZI,HOZI,HP31,H031)
CALL HEAN14(XNINIB,XHINZ7,VBHEAN14,VSHEAN14,PI)
CALL THEANTl(!coz,snzsn,rau,cnncn,xn:n19,xnrnzo,xnxn21,xnluzz
3 ,XMIN23,XMIN24, RADC, TOR71, PI)
Chovesvaoenensss POWER LOSS FROM CRANK SHAFT BEARING
PCRANKM = xHIN25*(XHIN1*'3.)*KHIN2*((2.*PI)
L ICXHIN3*SQRT(1.-EC'*2.)))*((2.‘PI*(RPH/GO.))**Z.)*BN
Chrveeecsonensees POWBR LOSS FROM AIR CONDITIONING
VOLEEF = 1.+ {PCLE/100.)*{1,-CONDP/EVAPP)
RPMCOOL = XACCL1/({H1-H2)*4.*60.*V1/ .
$ (PI*SCOMB*NCOM* VOLEEF*RCOM* (BCOMB) **2.)
IF (RPM.LE.RPMCOOL) THEN
PAIRM w (91/4.)*(Bconn**z.)*scona*ncon*ncon*(RPM/GO.)*VOLEBI

3 * (RKB/ (RKB~1.) ) * {1.- (CONDP/EVAPP) ** ( (RKB-1.)} /RKB) )
8 *EVAPP* (1. / (EMB*BECB) } * (-1.)
ELSE
PAIRM = XACC1l/{H1-H2)*EVAPP*V1* (RKB/(RKB-1.))
3 * (1,-{CONDP/EVAPP)** { (RKB-1.)/RKB))
8 *{1./(EMB*ECB})*(-1.)
ENDIF
Crvierensntonnaa POWER LOSS FROM WATER PUMP AND OIL PUMP
PWPM = 269.% ( (RPM/1000.)**1.5)/12.*RPM*VDB/1000000.
Covivnranen «v+0 . POWER LOS5 FROM ALTERNATOR LOAD

PALTERM = AMPB*VOLTB + (100./FRAC)*(1/3.)*CORRK

* { (RALT*PI*XACCI*RPM/3048.)**2.5) *1000.

* (XACC3/0.0254) * {(XACC4/0.0254}**0.5
Civvinann weesse. POWER LOSS FROM PUMPING LOSSES

PPUMPM = (PAr(CIHEP/lZ.B)—10.14+PE*(((CIHEP*RPM)/(3904000))**2] +
$ 8.9667* (SQRT (CIMEP/1124.3))* { (RRM/1000)**1.T)*

$ ({2.984/FMM)**1.28) +
$
3

<

{SQRT((PA‘PIG)/97.94))*(11.86*(XMIN7**0.4)
-(3.38+0.103*XMIN7)*((RPMIIOOO)**1.185)))*VDB/IOOO
* (RPM/120)

Coevevarcnnanaran POWER LOSS FROM PISTON SKIRT
PPISM = (XMIN25*PI*XMIN26*XMINS/XMING)* ((XMIN27* (RPM/15))**2)
$ *NCB
Cuoviennnn w+v1.+2POWER LOSS FROM PISTON RING

PRINGM = XMIN25*XMIN27*2*PI* (RPM/60}* (4*HO11-3*(HO21**2) /HOI1+
8 KMIN11* (1-RO)/ (1+R0O) ) *4*XMIN27*PI *XMIN26* (RPM/60)
$ *NOILB*NCB +
$ WMINZ5*XKMIN27*2*PI* (RPM/60) * (4*HP11-3* (HP21**2) /HPI1+
$ (XMIN10* (1-RP)/ (1+RP))/H) *4*XMIN27*PI*XMIN26* (RPM/60)
$ *NPRESSB*NCB
Crovvvnnnnnans ...POWER LOSS FROM CONNECTING ROD
PCONM = XMIN25* (XMIN12+**3)*XMIN14* ((2*PI)/{XMIN1I*SQRT(1-E**2)})
3 w([2%PI*{RPM/60})**2)*NCB*VEMEAN14 + _
3 XMIN25* {(XMIN15**3) *XMIN17*((2*PI)/
3 (XMIN16*SQRT (1~-ESM**2) )} * ((2*PI* (RPM/60)) **2) *NCB
8 *VSMEAN14
Chrvecnnne herea POWER LOSS FROM CAM LOAD
PCAMM = -TOR71*RADC*NCB*NVCE
sPTOTALM = PCRANKM+PAIRM+PWPM+DPALTERM+PPUMPM+PPISM+PRINGM+PCONM
+PCAMM
QPEN (UNIT=1, FILE='RESULTI.OUT', STATUS="CLD')
WRITE (1,203) RPM,PCRANKM, PATRM, PWPM, PALTERM, PPUMPM, PPISM,
PRINGM, PCONM, PCAMM, PTOTALM
WRITE(6,203) RPM, PCRANKM, PAIRM, PWPM, PALTERM, PPUMPM, PPISHM,
3 PRINGM, PCONM, PCAMM, PTOTALM
202 FORHAT(F611,1X,F6.1,1X,F6.1,1x,r6.1,lx,FG.l,lx,FS.l,lx,FG.l,



$1X,¥6.1,1X,F6.1,1X,F6.1,1X,F7.1)

211 CONTINUE

c*t*ii _____ ot T e T e e i _—__itttttc
c ROAD LOAD POWER AND TRANSMITTION LOSS c
C*i*tt____.. _______ PR —— FE R R X2 L K JE e g ———— ......__*t**tic

WRITE(6,*}) ' ' '

WRITE(1,*) * '

WRITE(1,*) ' (RPM) : (km/hr) : AIR-LOAD (W) : ROLLING-LORD (W) :

9 TRANSMISSION (W) '
WRITE(6,*) * (RPM) : (km/hr) : AIR-LOAD (W) : ROLLING-LOAD (W) :

8 TRANSMISSION (W)
DO 212 I4 = O,RPMN,1
DRPM = (RPMH-RPML)/RPMN
RPM = RPML + I4*DRPM
CALL SEL1 (RPM,GN,Gl,G2,G3,64,G5, GD, TEFF,GT)
SPEED = (RPM/60)*2*PI*WR*3.6/GT
.PAIRR = 0.5*CDB*ATIRDEN*AREAB*( (RPM/60)*2*PI*WR/GT )**3
PROLL =~ FRB*MGB* ( (RPM/60)*2*PI*WR/GT }*9.81
PTRAN = (1/TEPP~1)* (PAIRR+PROLL)}
WRITE (1,205) RPM, SPEED, PAIRR, PROLL, PTRAN
WRITE (6,205} RPM,SPEED,PAIRR,PROLL, PTRAN

212 CONTINUE
WRITE (6, *)
WRITE({1l,*)
WRITE (1, *)

WRITE(1,*)

(]
L

* ROAD LOAD AND TRANSMISSION RT OPTIMUM DATA'
WRITE(l,204) GN

{RPM)

S TRANSMISSION (W)

WRITE (6, *)

{RPM)

$ TRANSMISSION (W)
DO 213 IS = O,RPMN, 1
DRPM = (RPMH-RPML)/RPMN
RPM = RPML + I5*DRPM
CALL SELI(RPH,GN,GI,GZ,G3,G4,G5,GD,TEFF,GT)

SPEED
PAIRRM
PRCLLM
PTRANM

(RPM/60) *2*PI*WR*3.6/GT
0.5*XMIN28*ATIRDEN*XMIN29* ( (RPM/60)*2*PI*WR/GT )**3
XMINIO*XMIN31*{ (RPM/60)*2*PI*WR/GT )*9.81
(1/TEFF-1) * (PAIRRM+PROLLM)

WRITE (1,205} RPM, SPEED,PAIRRM, PROLLM, PTRANM
WRITE (6,205} RPM,3SPEED, PAIRRM, PROLLM, PTRANM

213 CONTINUE

204 FORMAT (1X,' DRIVE GEAR NUMBER ', F4.0)
205 FORMAT {1X,F6.1,T12,F5.1,T24,F9.2,736,F7.2,T48,F7.2)

e e e e I e e e e o e e e - e A e e et e

(km/hr) : AIR-LOAD (W) : ROLLING-LOAD (W)

(km/hr) : AIR-LOAD (W) : ROLLING-LOAD (W)

XMIN1

XMIN2

XMIN3

XMING

XMIN7

XMINS

XMINS
XMIN1O
XMIN11
XMIN12
XMIN13
XMIN14
XMIN1S
XMIN16
XMIN17
XMIN1B
XMIN19
XMINZO
XMINZ1
XMIN22
XMIN23
XMIN24
XMINZ2S
XMINZE
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EEARTAERDHDE N RE MO D DN OYT D

RADIUS OF BEARING IN CRANKSHAFT
BEARING WIDTH IN CRANKSHAFT
RADIUS CLEARANCE IN CRANKSHAFT
INLET VALVE DIAMETER

COMPRESION RATIO

PISTON CLEARANCE

SKIRT LENGTH

PRESSURE RING DEPTH

OIL RING DEPTH

RADIUS OF BEARING AT BIG-END SIDE
RADIUS CLERRANCE AT BIG-END SIDE
BEARING WIDTH AT BIG-END SIDE
RADIUS OF BEARING AT SMALL~END SIDE
RADIUS CLEARANCE AT SMALL-END S5IDE
BEARING WIDTH AT SMALL-END SIDE
CONNECTING ROD LENGTH

VALVE FOLLOWER MASS

SPRING STIFFNESS

VALVE PRELOAD

BASE RADIUS

TIP RADIUS

VALVE LIFT

ABSOLUTE VISCOSITY

BORE

Aaanoaaaooaaaooaaoaanaaaaaan
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CRANK ARM

DRAG COEFPPICIENT

FRONTAL ARER

ROLLING CORFFICENT

VEHICLE MASS

COOLING LOAD

ROTOR DIAMETER IN ALTERNAIOR
ROTOR LENGTH IN ALTERNARTOR
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POWER REQUIRED AT OPERATION CONDITON

OPEN(UNIT»]l,FILE="' RESULT3.QUT', STATUS='0QLD')
REMC = ORPM/2
RADC = {RPMC*2*PI/60)
IF (ORPM.LE.1300.) THEN
DHM = $.9
ELSE
IF (ORPM.LE.1700.) THEN
DHM = 10.2
ELSE
IF (ORPM.LE.2000.) THEN
DHM = 11.
ELSE
IF (ORPM.LE.2400.) THEN
DHM = 12.
ELSE
IF (ORPM.LE.2700.) THEN
DHM = 13.
ELSE i
IF (ORPM.LE.3000.) THEN
DHM = 13.7
ELSE
IF (ORPM.LE.3400.) THEN
DHM = 14.9
ELSE
IF (ORPM.LE.3700.) THEN
DHM = 15.9
ELSE
IF (ORPM.LE.4000.) THEN
DHM = 16.5
ELSE
WRITE(*,*) ' OVER ENGINE SPEED '
ENDIF
ENDIF
ENDIF
ENDIF
ENDIF
ENDIF
ENDIF
ENDIF
ENDIF
PIA
CIMEP
PIG
© FBO
FB

9.81*DENHG*DHM*0. 0254 /1000
12.87*pA* { (PIA/PA)-0.1)
PA- (CIMEP/12.9)-10.14

{NVB*NCB* (DVB**2) )/ (Z*ARMA*PI*NCB* (BOREB**2) /4)
{BRB**2~-TRB**2+ (BRB+VLB-TRB) **2-2*BRB* (BRB+VLB-TRB)

*SIN(SDEGB*PI/180) )/ (2* {BRB-TRB~ (BRB+VLB-TRB)

*SIN(SDEGB*PI/180}})
CDEGB = ACOS{ (¥B-BRB)*COS{SDEGB*PI/180}/(FB-TRB)

y*180/PI

CALL NUM1 (BPRESSB, BOILB, RP, RO, H, HP1,HO1, HP2, HO2, HP3,HO3)

CALL MEAN] (CONLB,ARMB, VBMEAN1,VSMEANL)

CALL TMEAN7 (FCOR,SDEGB, FB,CDEGB, FMB, SCB, PLB, BRB, TRB, VLB, RADC

,TOR7,PI}

Covrnnvncrasnananas POWBR LOSS FROM CRANK SHAFT BEARING

_PCRAN]1 = VISB* (RCRANKB**3)*CRANKLB* ( (2*PI)

/ (CCRANKB*SQRT (1-BC**2) ) ) * ( (2*PI* {ORPM/60) ) **2) *BN
POWER LOSS FROM AIR CONDITIONING

VOLEEF = 1.+(PCLE/100.)*{1.-CONDF/EVAPP)
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RPMCOOL = QB/ (H1-H2)*4.*60.*V1/
3 (PI*SCOMB*NCOM*VOLEEF*RCOM* (BCOMB) **2)
IF {ORPM.LE,RPMCOOL) THEN
PAIR]1 = (PI/G.)*(BCOMB*‘Z.)*SCOMB*NCQH'RCOH*(ORPHIGO.}'VOLEEF

$ ) *(RKB/(RKB-I.))*(I.-(CONDP/EVRPP)**((RKB-I.}/RKB})
3 *EVAPP* (1./ (EMB*ECB) ) * (~1.}.
ELSE
PAIR1 = QB/ (H1-H2) *EVAPP*V1* (RKB/ (RKB-1.))
3 * (1,~-{CONDP/EVAPP) ** ( {RKB-1.) /RKB})
9 *(1./(EMB*ECB))*(=1.)
ENDIF

Civeseancsanes+ PONER LOSS FROM WATER PUMP AND OIL PUMP
PWPl = 269.*( (ORPM/1000)**1.5)/12.*ORPM*VDB/1000000
Civiesnesessss.PONER LOSS FROM ALTERNATOR LOAD
PALT1 = AMPB*VOLTB + (100./FRAC)*(1./3.)*CORRK
3 * ( {RALT*PI*RDALTB*ORPM/3048.)**2.5)*1000.
8 * (RDALTB/0.0254) * (RLALTB/0.0254)**0.5 -
Civesnsnrssass. PONER LOSS FROM PUMPING LOSSES
PPUMP]1 = (PA-(CIMEP/12.8)-10.14+PE*({(CIMRP*ORPM)/(39504000))**2) +

8 8.9667* (SQRT (CIMEP/1124.3) )} * ( (ORPM/1000) **1.7}*

3 (({2.984/FBO)**1.28) + .

3 (SQRT ( (PA-PIG)/57.94))*(11,86* {(RCB**0.4)~-(3.38+0.103*RCB)
) * ( (ORPM/1000}**1.185))) *1000* (2*ARMB*PI*NCB* (BOREB**2)/4)

L1

* (ORPM/120)
CeveeerneenensPOWER LOSS FROM PISTON SKIRT
PPIS1 = (VISB*PI*BOREB*PISLB/PCB)* ((ARMB* (ORPM/15}}**2)*NCB
Civisnnnesanes PONER LOSS FROM PISTON RING
PRING1 = VISB*ARMB*2*PI* (ORPM/60)* (4*HO1-3* (HO2**2) /HO3+BCILB*

3 (1~RO) / (1+RO) ) *4*ARMB*PI*BOREB* (ORPM/60) *NOILB*NCB +
s VISB*ARMB*2*PI* (ORPM/60) * (4*HP1-3* (HP2**2) /HP3+ (BPRESSB*
8 - {1-RP)/ (1+RP}) /H) *4*ARMB*PI*BOREB* (ORPM/60) *NPRESSB*NCB

Civeeseenassss.PONER LOSS FROM CONNECTING ROD
PCON1 = VISB* (BRCONB**3)*BLCONB* ( (2*PI)/ (BCCONB*SQRT (1-E**2)))

$ *((2*PI* {ORPM/60))**2) *NCB*VBMEAN1 +
§ VISB* (SRCONB**3) *SLCONB* ( (2*PI)/ (SCCONB*SQRT (1~ESM**2)))
$ *((2*PI* (ORPM/60) ) **2) *NCE*VSMEAN1
Cevevnenn ceenan POWER 1LOSS FROM CAM LOAD
PCAM1 = -TOR7*RADC*NCB*NVCB
Cevvasnvaensoe.TOTAL ENGINE POWER LOSS AT BASE LINE DATA

PTOT1 = PCRAN1+PAIR1+PWP1+PALT1+PPUMPl+PPIS1+PRING1+PCON1+PCAM]
Civvuvsseenses .POWER LOSS FROM RCAD LOAD
PAIRR]1 = 0.5*CDB*AIRDEN*AREAB*( (ORPM/60)*2*PI*WR/GT )**3
PROLL1 = FRB*MGB*( (ORPM/60)*2*PI*WR/GT )*9.81
PTRAN1 = (1/TEFF-1)*{PATIRR1+PROLL1)
BREAK] = PAIRR1 + PROLL1 + PTRANL
Civenveresnvenss POWER FRACTION EACH ENGINE POWER LOSS

PP1 = PCRAN1/PTOT1*100
PP2 = PATR1/PTOT1*100
PP3 = PWP1/PTOT1*100
PP4 = PALT1/PTOT1*100
PP5 = PPUMP1/PTOT1*100
PP6 = PPIS1/PTOT1*100
PP7 = PRING1/PTOT1*100
PP8 = PCON1/PTOT1*100
PP9 = PCAM1/PTOT1*100
WRITE(1,*) ' '

WRITE(1,*) 'ENGINE POWER SHARING AT BASE LINE DATA '

WRITE(1,*) 'CRANKS : AIR% : PUMP% : ALT% : PUMPING% : PIS% : RINGS
S : CONS : CAM% '

WRITE({1,214) PP1,PPZ,PP3,PP4,PP5,PP6,PP7, PP, PPY

WRITE(1,*) ' '
214 FORMAT (2X,F5.2,2X,F5.2,2X,F5.2,2X,F5.2,2X,F5.2,2%,F5.2, 2%, F5.2, 2%,
$F5.2,2X,F5.2) : :
c***** ----------------------- LA R R R R L R U ———— ******c

FMO = (NVB*NCB* (XMIN6**2))*1000000/VDB

FBM = (XMIN22**2-XMIN23**2+ (XMIN22+XMIN24-XMIN23)**2 -
2WXMINZ2* (XMIN22+XMINZ24-XMIN23)}*SIN (SDEGB*PI/180})
/(2% (XMIN22-XMIN23~ (XMIN22+XMIN24-XMIN23)
*SIN(SDEGB*PI/180)))

14 4s 4o
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CDEGM = RCOS( (FRM-XMIN22) *COS {SDEGB*PI/180) / (FEM-XMIN23) )
3 *180/PI
CALL NUHQ{XMINIO,XHINII,RP,RO,H,HPll,H011,HP21,H021,HP31,H031}
CALL MBAN14 (XMIN18,XMIN27,VBMEAN14,VSMEAN14,PI)
CALL THEAHTl(FCOE,SDEGB,PBH,CDEGM,XHINIQ,XHINZO,XHINZl,XHINZZ
$ ,XMIN23,XMIN24, RADC, TOR71, PI)
CuvevseennnseeesPOWER LOSS FROM CRANK SHAFT BEARING
PCRANZ = XMIN25* (XMIN1**3)*XMIN2*((2*PI)
L] /(XHIN3*SQRT{1-BC*'2)))*((Z'PI'(ORPM/GO)}**Z)*BN
Ceveensecoonsss . POWBR LOSS FROM AIR CONDITIONING .
VOLEEF = 1.+(PCLE/100,)%*(1.-CONDP/EVAPP)
"‘RPMCOOL = XACC1/ (H1-H2)*4.*60.*V1l/ '
S . (PI*SCOMB*NCOM*VOLEEF*RCOM* (BCOMB) **2.)
IF (ORPM.LE.RPMCOCL) THEN -

PAIR2 = (PI/4.)*(BCOHB**Z.)*SCOMB*NCOM*RCOH*(ORPH/GO.)*VOLBBP
$ *(RKB/(RKB-I.)}*(1;-(CONDP/EVRPP)**((RKB-I.)/RKB))
$ *EVAPP* (1./ (EMB*ECB) } * (~1.)

ELSE
PAIR2 = XACC1l/ (H1-H2)*EVAPP*V1* (RKB/ (RKB-1.))
* (1,- (CONDP/EVAPP) ** ( {RKB-1.)/RKB})
*(1./(EMB*ECB))*(-1.)

15 4o

ENDIF
Corvannnnns .....POWER LOSS FROM WATER PUMP AND OIL PUMP

PWP2 = 269.* ( (ORPM/1000)**1.5}) /12.*ORPM*VDB/1000000
Covavennnnae ....POWER LOSS FROM ALTERNATOR LOAD .
PALT2 = AMPB*VOLTB + (100./FRAC)*(1/3.)*CORRK
$ * [ {RALT*PI*XACC3*ORPM/3048.)**2.5) *1000.
$ * (XACC3/0.0254) * (XKACC4/0.0254) **0.5
Cuvseesonsesess . POWER LOSS FROM PUMPING LOSSES
PPUMP2 = (Phr(CIMEP/lZ.B)r10.14+PE*(((CIHEP*ORPH)/(BQOGOOO))**2)+
3 3.9667*(SQRT(CIMEP/1124.3))*((ORPMIIOOO)**I.T)*
3 ((2.984/¥MO)**1.28) +
3 (SQRT((PA-PIG)/97.94))*(11.56*(XMIN7**0.4)
$ -(3.38+0.103*XMIN7)*((ORPM/IOOO)**I.IBS)))*VDB/IOOO
L] * (ORPM/120)

Covireneans vv...POWER LOSS FROM PISTON SKIRT
PPIS2 = (XMINZS*PI*XHINZG*XHINQ/XHINB)*((XHINZT*(ORPM/IS))**2)
$ *NCB
o J . .POWER LOSS FRCM PISTON RING
PRING2 = XMIN25*XMIN27*2*PI* (ORPM/60) * (4*HO11-3* (HO21*¥*2) /HO31 +
$ BOILB* (1-RO) / (1+R0O) ) *4*XMIN27*PI*XMIN26* (ORPM/60) *
$ NOILB*NCB + XMIN25*XMIN27+*2*PI* (ORPM/60}*
$ (4*HP11~3* (HP21**2) /HP31 + {BPRESSB* {(1-RP) / (1+RP) ) /H)*
3 J*XMIN2T*PI*XMIN26* (ORPM/60) *NPRESSB*NCB

Cuveevesssenass  POWER LOSS FROM CONNECTING ROD
PCON2 = XHINZS*(XMINIZ**3)*XMIN14*((2*PI)/(XMIN13*SQRT(1-E**2)))

$ * ( (2%DPI* (ORPM/60) ) **2) *NCB*VBMEAN14 +
$ KMIN25* (XMIN1S**3) *XMIN17* ({2*P1}/
5 (XMINlG*SQRT(l—ESM**Z)))*((Z*PI*(ORPHIGU))**Z)*NCB
8 *VSMEAN14
Chrvavonennaaanes POWER LOSS FROM CAM LOAD

PCAM2 = -TOR71*RADC*NCB*NVCE
CovvvsvasesnasTOTAL ENGINE POWER LOSS AT OPTIMUM DATA
PTOTZ = PCRANZ+PAIR2+PWP2+PALT2+PPUHP2+PPI52+PRINGZ+PCON2
5 +PCAM2
Crvenennrnsnase .POWER LOS5S FROM ROAD LOAD
VELO = (ORPM/GO)*Z*PI*WR*3.6/GT
PAIRRZ = 0.5*XMIN28*AIRDEN*XMINZ9* ( {ORPM/60) *2*PI*WR/GT }**3
PROLL2 = XMIN3O*XMIN3l*( (ORPM/GO)*Z*PI*WR/GT Yy*9,.81
PTRANZ = (1/TEFF-1)* (PAIRR1+PROLL])
BREAK2 = PAIRR2Z + PROLL2 + PTRANZ :
Crocesnscaannsone POWER FRACTION BEACH ENGINE POWER LOSS

DP1 = (PCRAN1-PCRAN2)*100/PCRAN1
DP2 = (PAIR1-PAIR2)*100/PAIR1
DP3 = (PALT1-PALT2)*100/PALT1
DP4 = (PPUMP1-PPUMP2}*100/PPUMPI
DP5 = (PPIS1-PPISZ)*100/PPIS]
DP6 = (PRINGL1-PRING2)*100/PRING1
DP7 = (PCON1-PCON2)*100/PCON1



DP8
. DP9
DP10
DP11
DPl2
TDP
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{PCAM1-PCAM2) *100/PCAML

{PTOT1-PTOT2) *100/PTOT1

{PAIRR1-PAIRR2) *100/PAIRR]

'{PROLL1-PROLL2} *100/PROLL1

(BREAK]1-BREAK2) *100/BREAK1 ‘
PCRANl—PCRAN2+PAIR1-PAIR2+PALT1—PALT2+PPUHP1-PPUHPZ+

$ PPIS1~PPIS2+PRINGI-PRING2+PCON1-PCON2+PCAH1-PChH2

Dl
FD2
D3
FD4
FD5
FDé
FD?7
FD8
TDPV
FD10
FD11
FD12 =
WRITE(1,215)
WRITE ({1, *)
WRITE(1,*) '
WRITE (1,216)
WRITE(1,217)
WRITE({1,218)
WRITE (1,218)
WRITR(1,220)
WRITE (1,221}
WRITE(1,222)
WRITE(1,223)
WRITE(1,*) '
WRITE(1,*) '
$EASING & '
WRITE(1,224)
WRITE (1,225)
WRITE (1, *)
WRITE (1,226)
WRITE (1,227}
WRITE(1,228)
WRITE(1,*) '
WRITE(1,*} '
WRITE(1,229)
WRITE(6,*) '
WRITE (6,215)
WRITE(6,*) '
WRITB ({6,216}
WRITE (6,217}
WRITE (6,218)
WRITE(6,219)
WRITE (6,220)
WRITE(6,221)
WRITE(6,222)
WRITE(6,223)
WRITE(6,%) '
" WRITE(6,*) '
WRITE (6,224)
WRITE (6,225)

WRITE(6,*)' POWER AT BASE LINE DATA :

*POWER AT BASE LINE DATA : OPTIMUM DATA :

'POWER AT RBRASE LINE DATA :

(PCRAN1-PCRANZ) /TDP*100
{PAIR1~PAIRZ2) /TDP*100
{PALT1-PALT2) /TDP*100
{PPUMP1-PPUMP2) /TDP*100
{PPIS1-PPIS2) /TDP*100
(PRING1-PRING2) /TDP*100
{PCON1-PCON2) /TDP*100
(PCAM1~-PCAM2) /TDP*100
PAIRR1-PAIRR2+PROLL1-PROLL2
DP10/TDPV

DP11/TDRV

DP12/TDPV

ORPM, DHM
DECREASING %'

L}

PCRAN1, PCRANZ, DP1
PAIR1, PAIR2,DP2
PALT1, PALTZ, DP3
PPUMP1, PPUMP2,DP4
PPIS1,PPIS2,DPS
PRING1, PRING2,DP6
PCON1, PCON2, DP7
PCAM1, PCAM2, DP8

TOTAL ENGINE POWER LOSS AT BASE LINE : OPTIMUM : DECR

PTOT1,PTOT2,DP9

VELO, GN

OPTIMUM DATA : DECREASING %'
PAIRR1, PAIRRZ,DP10 :

PROLL1, PROLLZ, DP11

BREAK] , BREAK2 , DP12

FRACTION OF DECREASING OF ENGINE POWER LOSS '
CRANK:AIR:ALTERNATOT: PUMPING: SKIRT : RING: CON-ROD:CAM '

¥D1,FD2,FD3, FD4, FD5, FD6, FD7, FD9
1

ORPM, DHM . :
POWER AT BASE LINE DATA : OPTIMUM DATA :
PCRAN1, PCRAN2, DP1
PAIR1,PAIR2,DP2

PALT1, PALTZ2,DP3

PPUMP1, PPUMP2, DP4
PPIS1,PPIS2,DP5
PRING1,PRING2,DP6

PCON1, PCON2,DP7

PCAM1, PCAM2, DP8

)

DECREASINGY'’

TOTAL POWER AT BASE LINE : DECREASING. %'
PTOT1, PTOT2, DP9

VELO,GN

OPTIMUM !

OPTIMUM DATA : DECREASING &'

WRITE (6,226) PAIRRL,PAIRRZ,DP10
WRITE (6,227) PROLL1, PROLLZ,DP11
WRITE{6,*) ' BREAK POWER AT BASE LINE : OPTIMUM : DECREASING % '
WRITE(6,228) BREAK],BREAK2,DP12
WRITE(6,*) ' FRACTION OF DECREASING OF ENGINE POWER LOSS '
WRITE(6,*) ' CRANK:AIR:ALTERNATOR:PUMPING:SKIRT:RING:CON-RCD:CAM !
WRITE (6,229) FD1,FD2,FD3,FD4,FD5,FD6,FD7,FDB

215 FORMAT(' ENGINE SPEED ',F6.1,' (RPM) : MANIFOLD °',F4.1,

$' {INCH)'}
216 FORMAT (' CRANK-SHAFT.
217 FORMAT{' AIR CONDITIONING

:',T30,F7.2,2X,F7.2,2%,F5.2)
:',T30,F7.2,2X,F7.2,2X,F5.2)



218 YORMAT{' ALTERNATOR :+',730,P7.2,2X,¥7.2,2X,P5.2)
219 FORMAT(' PUMPING $*,T30,P7.2,2X,P7.2,2X,F5.2)
220 PORMAT(' PISTON SKIRT :1,730,P7.2,2X,P7.2,2X,05.2)
221 FORMAT({' PISTON RING :1,T30,97.2,2X,F7.2,2X,F5.2)
222 FORMAT (' CORNECTING ROD-. +*,T30,P7.2,2X,F7.2,2X,E5.2)
223 FORMAT (' CAM LOAD :',T30,77.2,2X,P7.2,2X,F5.2)
224 FORMAT (' TOTAL +',T30,10.2,2X,P6.2,2X,F5.2)

225 PORMAT (' VEHICLE SPEED ',P6.2," (km/hr) : GEAR NUMBER ',F3.1)
226 PORMAT (' AIR LOAD s ',T30,F0.2,2%,70.2,2X,F5.2)

227 FORMAT{' ROLLINE LOAD : ',T30,P6.2,2X,F9.2,2X,F5.2)

228 FORMAT(' BREAK POWER : ',730,F9.2,2X,F9.2,2X,F5.2)

229 ronnar(:x,rs.z,zx,rs.z,zx,rs.z,zx,rs.z,zx,rs.z,zx,rs.z,zx,rs.z,zx,

3P5.2)
STOP

END
C*ti*i _______________________ Trd iRl d Rl W o e e e e e o o ——— - — i**tt*c
c ‘ END MAIN PROGRAM c
ci**** _______________________ A R W W e e e o iii‘iitc
ct**** _______________________ B Tl W W W O o e o o e e e e g **i**tc
c MULTIVARIABLE OPTIMIZATION SEARCH METHOD ‘ c
c***ii _______________________ o v i e Ak [y ———— **tt**c

SUBROUTINE P311(RPM,BOREL,BOREH,VISL,VISH, CONLB, BN, NPRESSB, NOILB,

$ NCB, RP, RO, PI, H, EC, E, ESM, RCRANKB, CRANKLB, CCRANKB, BPRESSB,

S BOTLB, BRCONB, BCCONB, BLCONB, SRCONB, SCCONB, SLCONB, PCB, PISLB,

$ VDB, XMIN25, XMIN2§6, XMIN27)

YMIN25 = 999999,
YMIN26 = 9995995,

TOLl = 0.005
TOL2 = 0.005
N1l = 20
XIl = VISL
XI2 = BOREL
DXl = (VISH-VISL) /N1
- DX2 = (BOREH-BOREL)/N1

DO 200 I = 1,50
DO 25 J25 = 0O,N1
BORE = XI2 + J25*DX2
ARM = VDB*2/ (PI*{BORE**2)*NCB*1000000)
c ¥25 = £25(XI1l,BORE}
CALL NUHl(BPRESSB,BOILB,RP,RO,H,HPl,HOl,HPZgHOZ,HP3,HO3}
CALL MEAN11 (CONLB,ARM,VBMEAN1l,VSMEAN11)
Y25 = XI1* (RCRANKB**3)*CRANKLB* ((2*PI}/
] (CCRANHB*SQRT(I-EC*‘Z)))*((Z*PI*(RPMIGO))**2)*BN
C.reovesos PISTON SKIRT
] + (XIl*PI*BORE*PISLB/PCB)*((ARM*(RPM/lS))**Z)*NCB
Civavssanss  PISTON RING
+ XI1*ARM*2*PI* (RPM/60)* (4*HO1-3* (HO2**2) /HO3+BOILB
*(1-R0)/(1+RO})*4*ARM*PI*BORE*(RPM/GO)*NOILB*NCB +
XI1*ARM*2*PI* (RPM/60)* (4*HP1-3* (HP2**2) /HP3+ (BPRESSB
*(1-RP)/(1+RP))/H)*4*ARM*PI*BORE*(RPM/GO)*NPRESSB*NCB
Coviavrnnns CONNECTING ROD
3 + %XI1* {BRCONBE**3) *BLCONB* ((2*PI}/ {BCCONB*SQRT {1-E**2)})
S * { (2*PI* (RPM/60))**2) *NCB*VBMEAN11 +
$ XIl*(SRCONB**3)*SLCONB*((Z*PI)/(SCCONB*SQRT(l-BSH*‘Z)))
$ * { (2*PI* (RPM/60) ) **2) *NCB*VSMEAN11
IF (YMIN25,.GT.¥25) THEN

< 40 4 ia

YMIN25 = ¥25
XMIN25 = XI1
XMIN26 =, BORE
XMINZ27 = ARM
ENDIF
25 CONTINUE :
IF ( ( ABS(XMIN25-XI1).LE.TOLl ).AND.( ABS(XMIN26-X12).LE.TOLZ ) )
$ THEN ‘
GOTO 1000 ‘
ENDIF

DX1 = (VISH-XMIN25)/N1
DX2 = (BORBH-XMIN2&) /N1
DO 26 K26 = 0O,N1
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VIS = XI1 + K26*DX1
c . Y26 = £26(VI3, XMIN26} )
CALL NUHl(BPRESSB,BOILB,RP,RO,H,HPI,HOl,HPZ,HOZ,HP3,HO3)
CALL MEAN12 (CONLB,XMIN27,VBMEAN12,6 VSMEAN12)
Y26 = VIS* (RCRANKB**3) *CRANKLB* ( (2*PI)/
(CCRANRB'SQRT(I-EC*'Z)))*((Z*PI*(RPHIGO))**2)*BN
PISTON SKIRT
+ (VIS*PI*XHINZT*PISLB/PCB)*((KHINZ?*(RPH/lS))**ZJ*NCB
PISTON RING
+ VIS*XMIN27+2+PI* (RPM/60) * (4*HO1-3* (HO2**2) /HO3+BOILB
* (1-RO) / (1+R0) ) *4 *XMIN27*PI *XMINZ6* (RPM/60) *NOILB*NCE +
VIS*XMIN27*2*PI* (RPM/60)* (4*HP1~3* (HP2**2) /HP3+{(BPRESSB
: *(1—RP)/(1+RP))/H)‘4*XMIN27*PI*XHIN26*(RPM/GO)*NPRBSSB*NCB
CONNECTING ROD
+ VIS* (BRCONB**3) *BLCONB* { (2*PI) / (BCCONB*SQRT (1-E**2)))
* ({2*PI*(RPM/60))**2) *NCE*VEMEAN12 +
VIS* (SRCONB**3) *SLCONB* ( {2*PI}/ (SCCONB*SQRT (1-ESM**2}))
* ( (2*PI*({RPM/60})**2} *NCB*VSMEAN12
IF (YMIN26.GT.Y¥26) THEN
YMIN26 = Y26
XMIN25 = VIS
XMIN26 = XMINZ6
ENDIF
26 CONTINUE
IF ( { ABS(XMIN25-XI1).LE.TOLl ).AND.{ ABS{XMIN26-XI2).LE.TOLZ ) )}
8 THEN
GOTO 1000
ENDIF
XI1l = XMIN25
XI2 XMIN26
DX1 (VISH-KMIN25} /N1
DX2 {BOREH-XMIN26) /N1
200 CONTINUE
1000 RETURN
END

(3]

(e}

i 4a 48 0 4 45 10 40 0 R

c : SUBROUTINE FOR ACCESSORIES LOAD c
C**i** _______________________ v e W U T W T o e e s 2 l‘iiil‘ic
SUBRQUTINE ACCESS (N, RPM, BCOMB, SCOMB, RKB, EMB, ECB, RDALTB, RLALTB,
$QL, OH, RDALTL, RDALTH, RLALTL, RLALTH, RCOM, NCOM, PCLE, H1,H2, V1, FRAC,
SEVAPP, CONDP, CORRK, RALT, PAIRQ, PALTD, PALTL, PI, Q, AMPB, VOLTB,
$RDALT, RLALT, XACC1, XACC3, XACC4)
PACC1 99399,
PACC3 99999,
PACC4 99999, :
VOLEEF = 1.+{PCLE/100.)* (1.~CONDP/EVAPP}
RPMCOOL = Q/ (H1-H2)*4.*80.*V1/
$ (PI*SCOMB*NCOM*VOLEEF*RCOM* (BCOMB) **2)
D01 J=0,N,1
DQ = {(QH-QL)/N
Q = QL + J*DQ
IF (RPM.LE.RPMCOOL) THEN
PAIRQ = (PI/4.)* (BCOMB**2.) *SCOMB*NCOM*RCOM* (RFM/60.) *VOLEEF
$ *{RKB/ (RKB-1,) ) * (1.~ (CONDP/EVAPF) ** ( (RKB-1.) /RKB) )
$ *EVAPP* (1./ (EMB*ECB) ) * (-1.)
ELSE
PAIRQ = Q/(H1-HZ)*EVAPP*V1* (RKB/(RKB-1.))
$ *(1,-(CONDP/EVAPP) ** ( (RKB-1.) /RKRE) )
$ ' *(1,/(EMB*ECB))* (~-1.)
ENDIF :
IF (PACCl.GT.PAIRQ) THEN
PACC1l = PAIRQ
XACCL = @ -
ENDIF
c*t**i _______________________ LR R L X K B L L gy ey p———" *t*iiic
DRDALT = {RDALTH - RDALTL)}/N
RDALT = RDALTL + J*DRDALT
PALTD = AMPB*VOLTB + ({100./FRAC)*{1./3.)*CORRK
$ * ( (RALT*PI*RDALT*RPM/3048.)**2.5) *1000
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-9 * (RDALT/0.0254) * { (RLALTB/0.0254) **0.5)
IPF {PACC3.GT.PALTD} THEN
PACC3 = PALTD
XACC3 = RDALT

ENDIP
Citiit-_- **iiiitt*_-__....-l_ ___________________ tii***c
DRLALT = (RLALTH - RLALTL)/N
RLALT = RLALTL + JY*DRLALT
PALTL = AMPB*VOLTB + (100./PRAC)*(1/3:.)*CORRK
3 * { (RALT*PI*RDALTB*RPM/3048.)**2.5) *1000 -
* {(RDALTB/0.0254) * (RLALT/0.0254)**0.5
IF (PACCA4.GT.PALTL) THEN
PACC4 = PALTL
XACC4 = RLALT
ENDIF
1 CONTINUE -
RETURN
END
ci**** _______________________ Ao e T K I U e e s e ek L i t*it**c
c THIS PARTS FOR NUMERICAL SUBPROGRAM CALCULATION c
cii*** _______________________ ITEI LR L E L L P —— —————— P ******C
c SUBROUTINE NUM 1 c
C***** _______________________ Aol v e T U e T s e e e s A *w*i*ic
SUBROUTINE NUM1 (BPRESSB,BOILB,RP,RO,H, HP1, HOl,HP2, HO2, HP3 HO3)
N = 100
A = 0.
Alp = 00,0015
Al0 = 0.0025
BP = RP* (BPRESSB/ (1+RP))
BO = RO* (BOILB/ (1+RO)}
DHP = (BP-A)/N
DHO = (BO-A)/N
SUMP1 = 0.
5UMO1 = 0.
SUMP2 = 0.
5UMO2 = 0.
SUMPI = 0.
SUMO3 = 0.
DO 10 I = 1,N-1
XP = I*DHP
X0 = I*DHO

FXPl = 1/(A1P*XP**2=( (1+RP)/ (1000*RP)+ (A1P*RP*BPRESSE)/
{1+RP) ) *XP+H+BPRESSB/1000)

FXO1l = 1/ (RlO*XO**2- ((1+RO)/(1000*RQ)+(AlO*RO*BOILB)/

{1+RP) ) *XO+H+BOILB/1000)

{1/ (A1P*XP**2—( (1+RP)/ (1000*RP) + (A1P*RP*BPRESSB) /

{1+RP) ) *XP+H+BPRESSB/1000) )} **2

FX02 = {1/ (A10*X0**2—-({1+RQO}/ (1000*RO)+ (A1O*RO*BOILB) /
{1+RP) ) *XO+H+BOILB/1000) ) **2

FXP3 = {1/ (A1P*XP**2-((1+RP)/ (1000*RP)+ (A1P*RP*BPRESSB) /
{1+RP) ) *XP+H+BPRESSB/1000) )} **3

FX03 = {1/ {AlO*XO**2—~( (1+R0O)}/ (1000*RO)+(A10*RO*BOILB)/
{1+RP) ) *XO+H+BOILB/1000) ) **3

SUMP1 = SUMP1l + FXP1l

SUMO1 = SUMOL + FX01

SUMP2 = SUMP2 FXp2

SUMO2 = SUMO2 FX02

SUMP3 = SUMP3 + FXP3

SUMO3 = SUMO3 + FX03

10 CONTINUE

FXP0Ol = 1/ (H+BPRESSB/1000}
FX001 = 1/ (H+BOILB/1000)

FXP2

4 42 4 42 W W

+ 4+ + + + +

FXP02 = (1/(H+BPRESSB/1000)}**2
FX002 = {1/ (H+BOILB/1000))**2
FXP03 = (1/(H+BPRESSB/1000))**3
FX003 = {1/ (H+BOILB/1000)})**3
FXPNl1 = 1/H

FXONl = 1/H

FXPNZ = (l/H)**2
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FXON2 = (l/H)**2
FXPN3 = (1/H)**3
FXON3 = (1/H)**3
HP1 = (+FXPO1+FXPN1+2*SUMP1)}*DHP/2
HOl = (+FXO01+FXON1+2*5UMO1) *DHG/2
HP2 = (+FXPOZ2+FXPN2+2*SUMP2} *DHP/2
HO2 = (+FX002+FXON2+2*SUMO2} *DHO/2
HP3 = (+FXPO3+FXPN3+2*SUMP3}*DHP/2
HO3 = (+FXO03+FXON3+2*SUMO3) *DHO/2
RETURN
END
c***t* _______________________ e U v g WU W W s o e v e e e e o e **ti**c
o SUBROUTINE NUM 2 C
C***** _______________________ A T R T W W o e e i drkdedk ok ”
SUBROUTINE NUMZ(BPRESS,BOILB,RP,RO,H,HP4,HO4,HP5,H05,HP6,H06)
N = 100
A = 0.
AlP = 00,0015
Al0 = 0.0025
BP = RP* (BPRESS/ (1+RP))
BO = RO* (BOILB/ (1+R0Q) )
DHP = (BP-A)/N
DHO = (BO-A}/N
SUMP4 = 0,
SUMO4 = 0.
SUMP5 = 0.
SUMOS = 0.
SUMP6 = 0.
SUMoé = 0,
DO 10 I = 1,N-1
XP = I*DHP
X0 = I*DHO
FXP4 = 1/(A1P*XP**2-((1+RP)/(1000*RP)+(AlP*RP*BPRESS)/
s (1+RP) ) *XP+H+BPRESS/1000)
FX04 = 1/{Al0¥X0**2~((1+R0}/{1000*R0}+(A1O*RO*BOILB)/
$ {1+RP) ) *XO+H+BOILB/1000)
FXPS = {1/ (A1P*XP**2~{(1+RP)/(1000*RP}+ (A1P*RP*BPRESS)/
3 {1+RP) ) *XP+H+BPRESS/1000) ) **2
FHQ5 = (1/(Alo*xo**z—((1+RO)/(1000*RO)+(A10*RO*BOILB)/
$ (1+RP) ) *XO+H+BOILB/1000}) ) **2
FXP6 = (1/(AlP*XP**2-((1+RP}/(1000*RP}+ (A1P*RP*BPRESS)/
3 (1+RP} ) *XP+H+BPRESS/1000) ) **3
FXO06 = {1/ (AlO*X0**2-({1+R0O)}/(1000*RO)+ (ALO*RO*BOILB}/
$ {1+RP) } *XO+H+BOILB/1000) )} **3
SUMP4 = SUMP4 + FXP4
SUMO4 = SUMO4 + FX04
SUMPS = SUMPS + FXP5S
SUMOS = SUMOS + FX05
SUMP& = SUMP6 + FXP6
SUMO6 = SUMO6& + FX06
10 CONTINUE
F¥XP04 = 1/ (H+BPRESS/1000)
FX004 = 1/{H+BOILB/1000)
FXP0OS5 = (1/(H+BPRESS/1000))**2
FX005 = (1/(H+BOILB/1000Q)}**2
FXP06 = (1/ (H+BPRESS/1000))**3
FX006 = (1/(H+BOILB/1000})**3
FXPN4 = 1/H
FXON4 = 1/H
FXPNS = (1/H}**2
FXONS = (1/H)**2
FXPN6 = {(1/H)**3
FXONé = (1/H)**3
HP4 = (+FXPO4+FXPN4+2*SUMP4) *DHP/2
HO4 = {+FXO04+FXON4+2*SUMO4) *DHO/2
HPS = {(+FXPO5+FXPNS+2*SUMPS) *DHP/2
HOS = {+FXO05+FXONS+2*SUMOS) *DHO/2
HP6 = (+FXPO&+FXPN6+2*SUMP6) *DHP/2
HOE = (+FXO06+FXON6+2*SUMO6) *DHO/2
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RETURN
END
Crdrk e, B I i T om0 P e e e e Wk C
c SUBROUTINE NUM 3 c
cii*ti B e e e e e S S S e e **ii*ic
SUBROUTINE NUH3(BPRESSB,BOIL,RP,RO,H,HP?,HOT,HPB,HOO,HPQ,HO9)
N = 100
A - 0.
AlPp = 0.0015
Alo = 0.0025
BP = RP* (BPRESSB/ (1+RP))
BO = RO* (BOIL/ (1+RQ))
DHP = (BP-A)/N '
DHO = (BO-RA)/N
SUMP? = 0.
SUMO7 = 0.
SUMPE = 0.
SUroe = 0,
SUMPS = 0.
SUMOS = O,
DO 10 I = 1,N-1
XP = I*DHP
X0 = I*DHO
FXP7 = 1/ (A1P*XP**2- ( (1+RP}/(1000*RP)+ (A1P*RP*BPRESSB) /
$ (1+RP) ) *XP+H+BPRESSB/1000)
FXO7 = llfﬁlo*xo**z-((1+RO)/(1000*R0)+(A10*R0*BOIL)/
9 {1+RP) ) *XQ+H+BOIL/1000})
. FXP8 = (1/(AlP*XP**Z-((1+RP}/(1000*RP)+(AlP*RP*BPRESSB)/
$ {1+RP) ) *XP+H+BPRESSB/1000) ) **2 .
FX08 = (II(AIO*XO**Z-{(1+R0)/(1000*R0}+(A10*RO*BOIL)/
3 {1+RP) ) *XO+H+BOIL/1000) ) **2
FXP9 = (ll(hlP*XP**2-((1+RP)/(1000*RP)+(AlP*RP*BPRESSB)/
3 {(1+RP) ) *XP+H+BPRESSB/1000) ) **3
FX09 = (II(AJO*XO**Z-((1+R0)/(1000*R0)+(AlO*RO*BOIL)/
3 {1+RP) } *XO+H+BOIL/1000} ) **3
SUMP7 = SUMPT + FXP7
SUMO7 = SUMO7 + FXO07
SUMPE = SUMPS + FXP8
S5UMOS = SUMOB + FXO8
SUMP9 = SUMPS + FXPS
SUMO9 = SUMO9 + FXO9
10 CONTINUE :
FXPO7 = 1/ (H+BPRESSB/1000)
FX007 = 1/ (H+BOIL/1000)
FXpP08 = {1/(H+BPRESSB/1000))**2
FX008 = (1/(H+BOIL/1000})**2
FXP09 = {1/ (M+BPRESSB/1000))**3
FX009 = (1/(H+BOIL/1000)}**3
FXPNT = 1/H
FXON7 = 1/H
FXPN8 = (1/H)**2
FXON8 = {1/H)**2
FXPN9 = (1/H)**3
FXONS = (1/H)**3
HP7 = (+FXPOT+FXPN7+2*SUMP7)*DHP/2
HO? = (+FX007+FXONT+2*SUMOT) *DHO/2
HP8 = (+FXPOS+FXPNB+2*SUMP8) *DHP/2
HO8 = (+FXO08+FXONE+2*SUMOB) *DHO/2
HPS = (+FXP09+FXPN9+2*SUMPS) *DHP/2
HO9 = (+FX009+FXON9+2*SUMO9) *DHO/2
RETURN
END :
N o N e e e ———— B A e W K e i o o e e e e Hhkk kR
c SUBROUTINE NUM 4 c
Rl drh W e o o e e e e B LA A A & J o
SUBROUTINE NUM{ {XMIN10,XMIN11,RP,RO,H,HP11,HO11,6HP21,HO21,HP31,
8 . : ‘ HO31)
N = 100 :
A = 0.
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AlP = 0.0015
Al0 = 0.0025
BPRESSB = XMIN10
BOILB = XMINll
BP a RP* (BPRESSB/ (1+RP)}
BO = RO* (BOILB/ (1+R0O)})
DHP = (BP-A)/N ’
DHC = (BO-A)/N
suMPl = 0.
SUMOl = 0,
suMp2 = Q.
SUMOZ = 0.
SUMP3 = Q.
SUMO3 = 0,
DO 10 I = 1,N-1
XPp = I*DHP
X0 = I*DHO
FXPl = 1/(A1P*XP**2—((1+RP)/{1000*RP)+(AlP*RP*BPRESSB)/
3 {(1+RP) ) *XP+H+BPRESSB/1000)
FX0l = 1/{A10*X0**2-((1+R0)/(1000*RO)+{AlO*RO*BOILB)/
$ (1+RP) ) *X0+H+BOILB/1000)
FXp2 = (1/(A19*XP**2-((1+RP)/(1000*RP}+(AlP*RP*BPRESSB)/
$ (1+RP))*XP+H+BPRESSB/1000))**2
FX0z2 = (1/(A10*X0**2-((1+RO)/(1000*RO)+(A10*RO*BOILB)/
$ {1+RP} ) *XO+H+BOILB/1000) ) **2
FXP3 = (1/(A1P*XP**2-((1+RP)/(1000*RP)+(AlP*RP*BPRESSB)/
$ (1+RP))*XP+H+BPRESSB/1000))**3
FX03 = (1/(A10*XO**2—((1+RO)/(1000*RO)+(A10*R0*BOILB)/
E {1+RP) ) *XO+H+BOILB/1000) ) **3
SUMP1 = SUMP1l + FXPl
§UMO1 = SUMO1l + FXOl
SUMP2 = SUMP2 + FXP2
SUMOZ2 = SUMO2 + FX02
SUMP3 = SUMP3 + FXP3
SUMO3 = SUMO2Z + FXO03
10 CONTINUE
FXP01l = 1/ (H+BPRESSB/1000)
FX001 = 1/ (H+BOILB/1000}
FXP02 = (1/(H+BPRESSB/1000}}**2
FX002 = (1/(H+BOILB/1000}))**2
FXP03 = (1/(H+BPRESSB/1000})**3
FXO03 = (1/(H+BOILB/1000))**3
FXPN1 = 1/H
FXON1 = 1/H
FXPNZ = (1/H)**2
FXON2 = (1/H}**2
FXPN3 = (1/H)**3
FXON3 = (1/H)**3
HP11l = (+FXPO1l+FXPN1+2*SUMPL)*DHP/2
HOll = (+FX001+FXON1+2*SUH01)*DHO/Z
HP21 = (+FXPO2+FXPN2+2*SUMP2)*DHP/2
HO21 = {+FX002+FXON2+2*SUM02) *DHO/ 2
HF31 = (+FXPO3+FXPN3+2*SUMP3) *DHP/2
HO31 = (+FX003+FXON3+2*SUMO3) *DHO/2
RETURN
END
CA*E I e a— e m e ——— U TV T N T VW e
C SUBROUTINE MEAN 1
N e = e T T T T T TE R T e e e e e e e e e e s et o e e
SUBROUTINE MEAN1 {(CONLB, ARMB, VBMEAN1,VSMEAN1}
PI = 2,*ASIN(l.}
R = CONLB/ARMB
N = 360 .
DEG1 = 0.
DEGZ2 = 2*PI1
DDEG = (DEG2-DEGl)/N
BSUMP = 0.
SSUMP = 0.
DO 31 I = 1,N-1

sk e g ke (T

c

******C
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11

X = I*DDEG
FXB = { 1+COS(X)/SQRT(R**2-(SIN(X})**2) )**2 :
‘XS ((COS (X) /R} **2) * { (1+ (SIN({X) **2) / (R**2~SIN (X} **2)) **2)

BSUMP = BSUMP + FXB .
SSUMP = SSUMP + FXS
CONTINUE ,
FXBO = (1+COS (DEG1) /SQRT (R**2- (SIN(DEGL))**2))**2
FXBN = (1+COS (DEG2)/SQRT (R¥*2~(SIN(DBG2))**2))**2
FXSO = ({COS(DEGL)/R}**2) :

) A {(1+(SIN{DBG1)**2)/ (R**2-SIN(DEGl) **2))**2)

FXSN = ((COS(DEG2)/R)**2}

$ *{ (1+(SIN(DBG2) **2) / (R**2-SIN(DEG2Z) **2)} **2)

BIG = (+FXBO+FXBN+2*BSUMP)*DDEG/2
SML = (+PXSO+FXSN+2*SSUMP)*DDEG/2
VBMEAN]1 = BIG/ (2*PI)
VSMEAN1 = SML/(2*PI)

RETURN
END
c*ti*t.... s el e W Wl T T T s s o i e - - ****i*c
C SUBROUTINE MEARN 10 o
c*ti*i_._ e e e i W e ok e ok [E—— - vk e ***tt*c
SUBROUTINE MEAN10 (CONL, ARMB, VBMEAN1C, VSMEAN1D)
PI = 2 _*ASIN(l.)
R = CONL/ARMP
N = 360
DEGl = O.
DEG2 = 2*PI
DDEG = (DEG2-DEGl)/N
BSUMP = O,
SSUMP = 0O,
DO 11 I = 1,N-1
X = I*DDEG
FXB = { 1+4COS(X)/SQRT{(R**2=(SIN(X))**2) )**2 ‘
FXS8 = ({(COS(X)/R}**2)* ( {1+ (SIN(X)**2)/(R**2-SIN(X)**2))**2)
BSUMP = BSUMP + FXB
SSUMP = SSUMP + FXS
11 CONTINUE
FXBO = {1+COS{DEG1l)/SQRT(R**2-(SIN{DEGL))**2))**2
FXBN = (1+CQS(DBEG2)/SQRT{R**2-(SIN{DEG2))**2))**2
FXS0 = {(COS{DEGLl}/R)}**2}
S *( {1+ (SIN{DEG1) **2)/ (R**2-SIN(DEGLl)**2) ) **2)
FXSN = {((COS(DEG2)/R)**2}
S *{(1+(SIN{(DBG2)**2)/ (R**2-SIN(DEG2) **2) ) **2)
BIG = (+FXBO+FXBN+2*BSUMP)*DDEG/2
SML = (+FXSO4+FXSN+2*SSUMP)*DDEG/2
VBMEAN10 = BIG/(2*PI)
VSMEAN1O = SML/ (2*PI)
RETURN
END
c*i**i _______________________ IR T W I I W T W e o o e s e et e ——— i*i***c
C SUBROUTINE MEAN 11 C
ci*i*i _______________________ Wede T R T W T W e o e v e e e e e e At i e e e i*i*i*c
SUBROUTINE MEAN11 (CONLB,ARM, VEMEAN11l, VSMEAN11)
PI1 = 2. *ASIN(l.)
R = CONLB/ARM
. N = 100
DEGl = 0.
DEG2 = 2*PI
DDEG = (DEG2-DEGl)/N
BSUMP = O.
SSUMP = 0.
DO11 I =1,N-1
i 4 = I*DDEG

11

FKB = ( 14COS(X)/SQRT (R**2- (SIN(X))*¥2) )**2
FXS = ((COS(X)/R)**2)*( (14 (SIN(X)**2)/(R**2-SIN(X)**2))*+2)
BSUMP = BSUMP + FXB
SSUMP = SSUMP + FXS
CONTINUE :
© FXBQ = (1+COS (DEG1) /SQRT (R**2~ (SIN{(DEGL}) **2) ) **2
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FXBN = (1+COS(DEG2) /SQRT (R**2~(SIN(DEG2))**2)}**2
FXS0 = {(COS{DEGl) /R)**2)

$ *((1+(SIN(DEGI)**2)/(R**Z-SIN(DEGl)**Z))*‘2)
FXSN = ({COS(DBEG2)/R}**2)

$ * ({1+ (SIN(DEG2) **2) / (R**2~SIN(DEG2) **2}) **2)
BIG = (+FXBO+FXBN+2*BSUMP)*DDEG/2

SML = (+FXSO+FXSN+2*SSUMP)*DDEG/2
VEMEAN11l = BIG/ (2*PI)
VSMEAN11l = SML/(2*PI)

RETURN
END _
C*'*** ey 3 L X XL L2 L) [p—— --*i*ti*c
e SUBROUTINE ' MEAN 12 C
c***ii _____ - momom T T T T WA W e e i e e e e v o P e 0 e e **titic
SUBROUTINE MEAN12 (CONLB,XMIN27,VBMEAN12,VSMBAN12)
PI = 2.*ASIN(1.) .
R = CONLB/XMIN27
N = 100
DEG1 = O.
DEG2 = 2*PI
DDEG = (DEG2-DEG1)/N
BSUMP = 0. .
SSUMP = 0.
DO 11 I = 1,N-1
X = I*DDEG
FXB = ( 1+COS(X)/SQRT (R**2=({SIN(X)}**2) )**2
FXS = ((COS{X}/R)**2}* ({1+(SIN(X)**2}/(R**2-SIN(X)**2)}**2}
BSUMP = BSUMP + FXB
SSUMP = SSUMP + FXS
11 CONTINUB

FXBO = {14COS(DEG1)/SQRT (R**2~(SIN(DEGl))**2})**2
FXBN = (1+CO0S (DEG2)/SQRT (R**2-(SIN(DEGZ))**2))**2
FXS0 = {(COS(DEG1) /R)**2)

3 * ((1+(SIN{DEG1)**2)/{R**2-SIN(DEG1) **2))**2)
FXSN = ({COS(DBG2)}/R)**2)
3 * ( (1+(SIN(DEG2)**2)/{R**2-SIN{DEG2) **2) } **2)

BIG = (+FXBO+FXBN+2*BSUMP)*DDEG/2
SML = (+FXS0+FXSN+2*SSUMP)*DDEG/2
VBMEAN12 = BIG/ (2*PI)
VSMEAN12 = SML/(2*PI)

RETURN

END
Ok h o e e e T L 2 1 1 B e o e Rk kRN
c 'SUBROUTINE MEAN 13 - C
C***** _______________________ Wil v e e T U T o e 2 ——— s i ot A ******c

SUBRQUTINE MEAN13(XMIN26,ARM, VEMEAN13, VSMEAN13)
PI = 2,*ASIN(1l.)

R = XMIN26/ARM
N = 100
DEG1 = 0.
DEGZ = 2*PI
DDEG = (DEG2-DEG1}/N
BSUMP = 0. )
SSUMP = 0.
DO 11 1 = 1,N-1
X = I*DDEG
FXB = { 1+CQ8 (X)/SQRT (R**2~ (SIN(X})**2) )**2
FXs5 = ((COS(X)/R)**2)* ({1+(SIN(X)**2)/ (R**2-SIN(X)**2))**2)
BSUMP = BSUMP + FXB .
S58UMP = SSUMP + FXSB
11 CONTINUE

FXBO = {1+COS(DEGl)/SQRT (R**2~{SIN(DEG1))**2))**2
FXBN = (1+COS{(DEG2)/SQRT (R**2~- (SIN(DEG2})**2))**2
FXS0 = ({CO5(DEG1)/R)**2) '
$ *( {1+ (SIN(DEG1l)**2)/ (R**2~SIN(DEGl) **2}) **2)
FXSN = ((COS(DEG2)/R)**2)
*( {1+ (SIN(DEG2)**2) / (R**2-SIN(DEG2)**2) ) **2)
BIG = (+FXBO+FXBN+2*BSUMP)*DDEG/2
(+FXSO+FXSN+2*SSUMP) *DDEG/2

g
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VEMEAN13 = BIG/ (2*PI)
VSMEAN13 = SML/ (2*PI)

RETURN

END
Chddad —_— R PO T NI e ——————— T T e
c SUBROUTINE MEAN 14 Cc
o T 3 12 JH— e TR A T o o o o Ehk A

SUBROUTINE MEAN14 (XMIN18,XMIN27,VBMEAN14,VSMEAN14, PI)

R = XMIN18/XMIN27

N = 360

DEGl = Q.

DEG2 = 2*PI

DDEG = (DBG2-DEGl)/N

BSUMP = 0.

SSUMP = 0.

DO 11 I = 1,N-1

X = I*DDEG

FXB = ( 1+COS{X) /SQRT (R**2- (SIN(X))**2} )**2

FX5 m ((COS(X)/R)**2)* ((1+(SIN(X)**2)/(R**2~ ~SIN(X)**2))**2)

BSUMP = BSUMP + FXB

SSUMP = SSUMP + FXS-

11 CONTINUE

FXBO = {1+COS (DEG1) /SQRT (R**2-{SIN(DEG1})**2))**2

FXBN = (1+COS(DEG2)/SQRT (R**2~ (SIN(DBG2))**2))**2
FXS0 = {(COS(DEGL)/R)**2)

* ((1+({SIN(DEGL) **2)/(R**2-5IN(DEG1) **2})**2)
FXSN = ((COS(DEG2)/R}**2)

$ *((1+(SIN(DBG2) **2)/ (R**2~ SIN(DEGZ)**z))**Z)
BIG = (+PFXBO+FXBN+2*BSUMP}*DDEG/2
SML = (+FPXSO+FASN+2*SSUMP) *DDEG/2
VBMEAN14 = BIG/(2*PI)
VSMEAN14 = SML/(2*PI)

RETURN -

END
Mttt e e ittt e e P e e T U e e it e L2 L ol
C SUBROUTINE MEAN 2 c
Chedd ke —— [— e T F T T W e — e e e e e e e e e

SUBRQUTINE MEAN2 (CONLB, ARM, VBMEANZ , VSMEAN2)
PI = 2,*ASIN(l.)

R = CONLB/ARM

N = 360

DEGl = 0.

DEGZ2 = 2*PI1

DDEG = (DEG2-DEGL)/N
BsSUMP = 0.

SSUMP = 0.

DO 12 I =1,N-1

X = IL*DDEG
FXB = (14COS(X)/SQRT (R**2-(SIN(X))**2))**2
FXS = {{COS({X)/R)**2)* {1+ (SIN(X)**2)/(R**2-SIN(X)}**2)}**2)
BSUMP = BSUMP + FXB
SSUMP = SSUMP + FXS

12 CONTINUE

FXBO = (1+COS (DEG1)/SQRT (R**2-(SIN(DEGl))**2)}**2
FXBN = (1+COS (DEG2)/SQRT (R**2-(SIN(DEG2})**2))**2
FXS0 { (COS (DEG1) /R} **2)

$ *( {1+ (SIN(DEGl) **2) /(R**2-SIN(DEGl) **2) ) **2)

FXSN = ({(COS(DEG2)/R}**2)
* ((1+(SIN(DEG2) **2) / (R**2-SIN(DEG2) **2) )} **2)
BIG = (+FXBO+FXBN+2*BSUMP)*DDEG/2

SML, = (+FXSO+FXSN+2*S5UMP)*DDEG/2
VBMEANZ = BIG/ (2*PI}
VSMEANZ = SML/(2*PI)

RETURN

END
Gtk e et ok N e ITITL TS
c SUBROUTINE MEAN 3 ! c
Ot AN K e o e e e L L L R £ 3 T —— a0 e ok e e

SUBROUTINE MEAN3 (CONL, ARMB, VBMEAN3, VSMEAN3Y)
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PI = 2.*ASIN(1.)

R = CONL/ARMB

N = 100

DEG1 = 0.

DBG2Z = 2*PI

DDEG = (DEG2-DEG1)/N
BSUMP = O.

SSUMP = 0.

DO 13 I = 1,N-1
X = I*DDEG
FXB = (1+COS(X)/SQRT (R**2-(SIN(X))**2))**2

FX§ = ((COS(X)/R)**Z)*((1+(SIN{K)**2)/(R**2-SIH(X)**2))**2)'

BSUMP = BSUMP + FXB
SSUMP = SSUMP + FXS

13 CONTINUE
FXBO -'(1+C05(DEGl)/SQRT(R**Z—(SIN(DEGl))**2))**2
FXBN = (1+COS(DEGZ)/SQRT(R**Z-(SIN{DBGZ))**2))**2
FXS0 = (({COS(DEGl}/R)**2}

3 *((1+(SIN(DEGI)**2)/(R**2-SIN(DEG1)**2))**2)‘
FXSN = ((COS(DEG2)}/R)**2)
$ *((1+(SIN(DBGZ)**Z)I(R**Z-SIN(DEGZ)**Z))**2)

BIG = (+FXBO+FXBN+2*BSUMP)*DDEG/2
SML = (+FXS0+FXSN+2*SSUMP) *DDEG/2
VBMEANI = BIG/(2*PI)
VSMEAN3 = SML/(2*PI)

RETURN
END
c***** _______________________ e e e T I U i e e e e o o e e
c : SUBROUTINE TOR 1 ,
Ci***i ______ - e T T T T W U e o i e e e e e
SUBROUTINE TMEAN1 (FCOE,SDEGB, FB,CDEGB, FM, SCB, PLB, BRB, TRB, VLB, RADC
$ . TOR1, PI)
N = 360
Dl = SDEGB
D2 = CDEGB
D3 = 180-CDEGB
D4 = 1B0-SDEGB
DEGO = O.
DEGN = 360.
DDEG = (DEGN-DEGO)/N
SUMP = 0.
Do 10 I = 0,N,1
X = I*DDEG

IF ((X.GE.Dl).AND.{X.LT.D2)) THEN

S = (FB-BRB)*(1-COS({ (X-D1)*PI/180 ))/1000

V = (FB-BRB)*RADC*SIN( (X-D1)*PI/180 )/1000

A = (FB-BRB)* (RADC**2)*C08( (X-D1)*PI/180 }/1000
FX = -1*(SCB*S+PLB+FM*A) * (FCOE* (BRB/1000+5}+V/RADC]}
ELSE '

IF {(X.GE.D2).AND. (X.LE.D3)) THEN

S = ((BRB+VLB-TRB)*SIN{ X*PI/180 )+TRB-BRB) /1000

Vv = (BRB+VLB-TRB)*RADC*COS{ X*PI/180 )/1000

A = -1%*(BRB+VLB-TRB)* (RADC**2)*SIN( X*PI/180 )/1000

FX = —1*(SCB*S+PLB+FM*A) * (FCOE* (BRB/1000+3)+V/RADC)
ELSE

IF ((X.GT.D3).AND. (X.LE.D4)) THEN o
5 = (FB-BRB)*(1+COS( (X+D1)*PI/180 ))/1000

V = =1*(FB-BRB)*RADC*SIN ( (X+D1)*PI/180 ) /1000 .
A = =1*(FB-BRB)* (RADC**2) *C03 ( (X+D1)*PI/180 ) /1000
FX = -1% (SCB*S+PLB+FM*A)* (FCOE* (BRB/1000+8)+V/RADC)
ELSE
FX =0
ENDIF
ENDIF
ENDIF
SUMP = SUMP + FX
10 CONTINUE

TCR1 = SUMP/N
RETURN
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END
Chawes, ———— AT S S —— ———— e o e EhE kAN
c SUBROUTINE TOR 2 c
fod & Lok 2 T R LT L 1] £ TN Ur i — e ———————————- g TS T
SUBROUTINE THEAHZ{ECOB,SDEGB,!B,CDEGB,FHB,SC,PLB,BRB,TRB,VLB,RADC
8 +TOR2,PI}) .
N = 360
D1l = SDEGB
D2 = CDEGB
D3 = 180-CDEGB
D4 = 180-SDEGB
DEGO = 0.
DEGN = 360,
DDEG = (DEGN-DEGOQ)/N
stMp = 0.
po 10 1 - O,N,1
X = I"DDEG

IF {(X.GE.D1).AND. (X.LT.D2)) THEN
s = {FB-BRB)*{1-COS{ (X-D1)*PI/180 ))/1000
Vv = (FB-BRB)*RADC*SIN( (X-D1)*PI/180 )/1000
A = (PB-BRB) * (RADC**2)*COS( (X-D1)*PI/180 )/1000
FX = -1*(9C*S+PLB+FMB*A)* (FCOE* (BRB/100045)+V/RADC)
ELSE
IF ((X.GE.D2).BND. (X.LE.D3)} THEN
S = {(BRB+VLB-TRB)*SIN( X*PI/180 )+TRB-BRB)/1000
V = (BRB+VLB-TRB}*RADC*COS{ X*PI/180 )/1000
A = ~-1* (BRB+VLB-TRB)* (RADC**2)*SIN( X*PI/180 )/1000
FX = -1* (SC*S+PLB+FMB*A)* (FCOE* (BRB/1000+5) +V/RADC)
ELSE
IF {(X.GT.D3}.AND.(X.LE.D4)} THEN
S = (FB-BRB)*(1+COS( (X+D1)*PI/180 ))/1000
V = -1* (FB~BRB) "RADC*SIN( (X+D1)*PI/180 )/1000
A = -1% (FB-BRB)* (RADC**2)*COS( (X+D1)*PI/180 )/1000
FX = -1%(5C*S+PLB+FMB*A)

3 * {FCOE* (BRB/1000+5) +V/RADC)
ELSE
FX = 0
ENDIF
ENDIF
ENDIF .
SUMP = SUMP + FX
10 CONTINUE
TOR2 = SUMP/N
RETURN
END .
Ci*i*i _______________________ T T U U U T U o e v e e e s S i*ﬂ*i*c
C SUBROUTINE TOR 3 o]
c*t*i* _______________________ i e ol vk W e e s e e A s s . — ii**ltc
SUBROUTINE TMEAN3 (FCQE,SDEGB,FB,CDBEGB, FMB, SCB, PL, BRB, TRB, VLB, RADC
3 ,TOR3,PI)
N = 360
D1 = SDEGB
D2 = CDEGB
D3 = 180~CDEGB
D4 = 180-SDEGB
DEGO = 0,
DEGN = 360.
DDEG = (DEGN-DEGO)/N
SUMP = 0,
DO 10 I = O,N,1
X = I*DDEG

IF ((X.GE.Dl).AND. (X.LT.D2)) THEN

'§ = (FB-BRB}*(1-COS{ ({(X-D1)*PI/180 })/1000

Vv = (FB~BRB)*RADC*SIN{ (X-D1)*PI/180 }/1000

A = (FB-BRB)*(RADC**2)*COS( (X-D1)}*PI/180 }/1000
FX = -1*(SCB*S+PL+FMB*A)* (FCOE* (BRB/1000+5)+V/RADC)
ELSE : :

IF ({X.GE.D2).AND.(X.LE.D3)) THEN

S = {{BRB+VLB-TRB)*SIN({ X*PI/180 )+TRB-BRB}/1000
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Vv = {BRB+VLB-TRB)*RADC*COS( X*PI/180 )/1000
A = —1* (BRB+VLB-TRB)* (RADC**2) *SIN{ X*PI/180 )/1000
FX = -1* (SCB*S+PL+FMB*A} * {#COE* (BRB/1000+S}+V/RADC)
ELSE
IF {(X.GT.D3).AND. (X.LE.D4}) THEN
S8 = (FB-BRB)*{1+COS{ (X+D1)*PI/180 ))/1000
~1* {#R-BRB) *RADC*SIN( (X+D1)*PI/160 }/1000

v -
A = =1*{FR-BRB)* (RADC**2)*COS{ (X+D1)*PI/160 }/1000
FX = -1*(SCB*S+PL+FHB!A)*(FCOE*(BRB/1000+S)+V/RADC)
BELSE '
FX = 0
ENDIF
ENDIF
ENDIF
SUMP = SUMP + FX
10 CONTINUE
TOR3 = SUMP/N
RETURN
END .
[ad e R R ——— sk ok ok ok
c " SUBROUTINE TOR 4 [od
Ctiitt____..-___________-_ _____ e e o v T o G e o e S - 00 O i*i**ic
SUBROUTINE TMEAN4 (FCOE, SDEGB, FBR, CDEGER, FMB, SCB, PLB, BR, TRB, VLB
3 ) ., RADC, TOR4, PI)
N = 360
Dl = SDEGE
D2 = CDEGBR
D3 = 1B(O-CDEGBR
b4 = 180-SDEGB
DEGO = 0.
DEGN = 360.
DDEG = {DEGN-DEGO) /N
SUMP = 0.
DO 10 I = O,N,1
X = I*DDEG
IF ((X.GE.D1).AND. (X.1T.D2)) THEN
S8 = (FBR-BR)™*({1-COS( (X-D1)*PI/180 ))/1000
V = {(FBR-BR)*RADC*SIN{ (X-D1)*PI/180 )} /1000
A = (FBR-BR)*(RADC**2)*COS( (X-D1)*PI/180 }/1000
FX = -1* (SCB*S+PLB+FMB*A) * (FCOE* (BR/1000+S)+V/RADC)
ELSE
IF {(X.GE.D2).AND.(X.LE.D3)) THEN
S = ((BR+VLB-TRB)*SIN( X*PI/180 )+TRB-BR)/1000
.V = (BR+VLB-TRB)*RADC*COS( X*PI/180 ) /1000
A = -1*(BR+VLB-TRB)* (RADC**2)*SIN( X*PI/180 ) /1000
FX = =1* (SCB*S+PLB+FMB*A) * (FCOE* (BR/1000+S)+V/RADC)
ELSE
IF ((X.GT.D3).AND. (X.LE.D4)) THEN
§ = {(FBR-BR)*{1+COS{ (X+D1)*PI/180 })) /1000
Vv = ~1*(FBR-BR)*RADC*SIN( (X+D1l)*PI/180 )/1000
A = =1*{(FBR-BR)* (RADC**2)*C0OS{ (X+D1)*PI/180 }/1000
FX = ~1* {SCB*S+PLB+FMB*A}* (FCOE* (BR/1000+5) +V/RADC)
ELSE
FX = 0
ENDIF
ENDIF
ENDIF
SUMP = SUMP + FX
10 CONTINUE
TOR4 = JUMP/N
RETURN
END
c*t*i* ______ - s v T T T T T T i e B e ey e — — **t***c
c SUBROUTINE TOR 5 (o4
ct**i* _____ et v T T T I U U et e e o e i . e e  ——— iiiitic
SUBROUTINE TMERANS (FCOE, SDEGB, FTR, CDEGTR, FMB, SCB, PLB, BRB, TR, VLB
3 . RADC, TORS, PI)
N = 360

D1l = SDEGB



D2 = CDEGTIR

D3 = 180-CDEGTR

D4 = 180~SDEGB
DEGO = 0.
DEGN = 360.
DDEG = (DEGN-DEGO) /N
SUMP = 0.

DO 10 I = 0Q,N,1
X = I*DDEG
IF ((X.GE.Dl).AND.{X.LT.D2)) THEN
S = (PTR-BRB)*(1-COS( (X~D1)*PI/160 })/1000
V = (FTR-BRB) *RADC*SIN{ (X-D1)}*PI/180 )/1000
A = (PTR-BRB)* (RADC**2}*COS( (X-D1)*PI/180 }/1000

FX = -1* (SCB*S+PLB+FMB*A) * (FCOE* (BRB/1000+3) +V/RADC)
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ELSE
IF ((X.GE.D2).AND. {X.LE.D3)) THEN
S = ((BRB+VLB-TR)*SIN( X*PI/180 )+TR-BRB)/1000
V = (BRB4+VLB-TR)*RADC*COS({ X*PI/1680 )/1000
A = ~1*(BRB+VLB-TR)* (RADC**2)*SIN{ X*PI/180 )/1000
FYX m.=1% (SCB*S+PLB+FMB*A) * (FCOE* (BRB/1000+S)+V/RADC)
ELSE
IF {(X.GT.D3).AND. (X.LE.D4)) THEN
§ = (PTR~BRB)* (1+C0OS({ (X+D1)*PI/180 ))/1000
V = =1*(PFTR-BRB) *RADC*SIN{ (X+D1)*PI/180 )/1000
A = -1*(FTR-BRB)* (RADC**2)*COS{ (X+D1)*PI/180 )/1000
FX = -1* (SCB*S+PLB+FMB*A)* (FCOB* (BRB/1000+5) +V/RADC)
‘ELSE
FX = 0
ENDIF
ENDIF
ENDIF
SUMP = SUMP + FX
10 CONTINUE
TORS = SUMP/N
RETURN
END
Ct**it _______________________ LR R iy S S —
c SUBROUTINE TOR 51
C***it _______ - o WU U B U U U W o et i ke e v g oy o 1y o e e e e v e
' SUBROUTINE TMEAN51 (FCOE,SDEGB,FBTR,CDEGBTR,FMB, SCB, PLB, BR, TR, VLB,
$ RADC, TOR51, PI)
N = 360
D1 = SDEGB
D2 = CDEGBTR
D3 = 180-CDEGBTR
D4 = 180-SDEGE
DEGO = 0.
DEGN = 360.
DDEG = (DEGN-DEGD)/N
SUMP = 0.

DO 10 I = O,N,1

X

I*DDEG

IF ({X.GE.D1l).AND. (X.LT.D2)) THEN
S = (FBTR-BR)*(1-C0S{ (X-D1)*PI/180 ))/1000
V = (FBTR-BR) *RADC*SIN{ {X-D1)*PI/180 )/1000
A = (FBTR-BR)* (RADC**2)*COS( (X~D1)*PI/180 )/1000

FX =
ELSE

-1

* (SCB*S+PLB+FMB*A) * (FCOE* (BR/1000+8) +V/RADC)

IF {(X.GE.D2).AND.({X.LE.D3)) THEN

3
v
A

ELSE

{ (BR+VLB-TR) *SIN( X*PI/180 )+Th—BR)/1000

(BR+VLB-TR) *RADC*C0OS { X*PI/180 )/1000

= -1* {BR+VLB-TR} * (RADC**2) *SIN( X*PI/180 ) /1000
FX = —1*(SCB*S+PLB+EHB*A)*(FCOE*(BR/1000+S)+V/RADC)

IF ((X.GT.D3).AND.{X.LE.D4)) THEN

S
v
A
FX

(FBTR-BR) * (1+COS{ (X+D1)*PI/180 })/1000

-1* (FBTR-BR) *RADC*SIN{ (X+D1)*PI/180 })/1000

-1% (FBTR-BR) * (RADC**2) *COS ( (X+D1)*PI/180 }/1000
-1* {SCB*S+PLB+FMB*A) * (FCOE* (BR/1000+S} +V/RADC)



ELSE
PX = 0
ENDIF
ENDIF
ENDIF
SUMP = SUMP + FX
10 CONTINUE _
TOR51 = SUMP/N
RETURN
END
ci**ii..... P ——— ) A T A A T N W e e e o i o e o R S !iiiiic-
c ' " SUBROUTINE TCR 6 c
CI‘**** - - e T T I T e o e e e e e A i*i*iic
SUBROUTINE TMEANS (FCOE, SDEGB, FVL, CDEGVL, FMB, SCB, PLB, BRB, TRB, VL
$ ,RADC, TOR6, PI) -
N = 360
D1 = SDEGB
D2 = CDEGVL
D3 = 180-CDEGVL
D4 = 180-SDEGB
DEGO = O.
DEGN = 360.
DDEG = (DEGN-DEGO)/N
SUMP = 0.
DO 10 I = O,N,1
X = I*DDEG

IF ((X.GE.D1).AND.(X.LT.D2)) THEN
S = (FVL-BRB}*(1-COS( (X-D1}*PI/180 )}/1000
V = (FVL-BRB)*RADC*SIN{ {X-D1)*PI/180 )/1000
A = (FVL-BRB)*(RADC**2)*COS( (X-D1)*PI/180 }/1000
FX = -1*(SCB*S+PLB+FME*A) * (FCOE* (BRB/1000+5) +V/RADC)
ELSE
IF ((X.GE.D2).AND.(X.LE.D3)) THEN '
S = ((BRB+VL-TRB)*SIN( X*PI/180 )+TRB-BRB)/1000
V = (BRB+VL-TRB)*RADC*COS( X*PI/180 )/1000
A = -1*%(BRB+VL-TRB)* (RADC**2}*SIN( X*PI/180 )/1000
FX = -1* (SCB*S+PLB+FMB*A) * (FCOE* (BRB/1000+S) +V/RADC)
ELSE
IF ((X.GT.D3).AND.(X.LE.D4)) THEN
S = (FVL-BRB)*(1+COS({ (X+D1)*PI/180 }}/1000
Vv = -1*(FVL-BRB) *RADC*SIN{ (X+D1)*PI/180 )/1000
A = -1*(FVL-BRB)* (RADC**2)}*COS{ (X+D1)*PI/180 }/1000
FX = -1*(SCB*S+PLB+FMB*A) * (FCOE* (BRB/1000+3) +V/RADC)
ELSE
FX
ENDIF
ENDIF
ENDIF :
SUMP = SUMP + FX .
10 CONTINUE : \
TOR6 = SUMP/N .

0

RETURN
END
CHH R E et e ke H e H R ol e e —————————— ek o
c SUBROUTINE TOR 7 c
C* NN e ———— L 2 T Ly S e
SUBROUTINE TMEAN7 (FCOE, SDEGB, FB,CDEGB, FMB, SCB, PLB, BRB, TRB, VLB, RADC
$,TOR7,PI)
N = 360
D1 = SDEGB
D2 = CDEGB
D3 = 180-CDEGB
D4 = 180-SDEGB
DEGO = 0.
DEGN = 3¢&0. :
DDEG = (DEGN-DEGO)/N
SUMP = 0.

DO 10 I = O,N,1
X = I*DDEG
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1P ({X.GE.D1l).AND. (X.LT.D2}) THEN
.8 = (PBR-BRB)*(1-COS( {(X-D1)*PI/160 )}/1000

Vv = (PB-BRB)*RADC*SIN( (X~D1)*PI/180 ) /1000

A = (PFB-BRB)* (RADC**2) *COS|{ (X-D1)*PI/180 ) /1000
FX = -1*(SCB'S+PLB+FHB‘A}‘(PCOB*(BRB/1000+3)+V/RADC)

BLSE
IF ((X.GE.D2).AND, (X.LE.D3)) THEN
§ = ((BRB+VLB-TRB)*SIN( X*PI/180 )+TRB-BRB) /1000
Vv = (BRB+VLB-TRB)*RADC*COS{ X*PI/180 )/1000
A = -1%(BRB+VLB-TRB) * (RADC**2) *SIN( X*pI/1680 )/1000
FX = -1*(5CB*5+PLB+!HB*A)*(ECOE*(BRB/1000+S)+V/RRDC)
ELSE

IF {(X.GT.D3).AND. (X.LE.D4)) THEN :
s (FB-BRB) * {1+COS { (X+D1) *P1/180 y1/1000

-1* (FB-BRB) *RADC*SIN( (X+D1)*PI/180 ) /1000

Vv =
A = -1%(FB-BRB)* (RADC**2)*COS( (X+D1)*PI/180 ) /1000
FX = -1'(SCB*S+PLB+FHB*A)'(?COE*(BRB/1000+3)+V/RADC)
ELSE
FX =0
ENDIF
ENDIF
ENDIF ’
SUMP = SUMP + FX
10 CONTINUE
TOR7 = SUMP/N
RETURN
END
c*ii** _______________________ e o T T W I e e e o e et e S S ******c
Cc SUBROUTINE TOR 71 c
c***** _______________________ o o B U T T e e i e e e e e e e et ar ek ok O
SUBROUTINE TMEANTI(PCOE,SDEGB,FBM,CDEGH,KHIN19,XMIN20,KMIN21,
-] ) ¥MIN22,¥MIN23, XMIN24, RADC, TOR71, PI)
¥B = FBM
M = XMIN1S
SC = XMIN20
PL = XMINZ1
BR = XMIN22
TR = XMIN23
VL = XMIN24
N = 360
D1 = SDEGB
D2 = CDEGM
D3 = 180-CDEGM
D4 = 180-SDEGB
DEGO = 0.
DEGN = 360.
DDEG = (DEGN-DEGO) /N
SUMP = 0.
po 10 I = O,N,1
X = I*DDEG

IF ((X.GE.D1).AND. (X.LT.D2)) THEN
S = {(FB~BR)*(1-COS{ {(X=D1)*PI/180 }}/1000

vV = (FB-BR)*RADC*SIN{ (X-D1)*PI/180 )/1000

A = (FB-BR)*{RADC**2)*COS{ (X-D1)*PI/180 )/1000

FX = —-1* (SC*S+PL+FM*A) * (FCOE* (BR/1000+5) +V/RADC)
ELSE

IF ((X.GE.D2).AND. (X.LE.D3)) THEN

S = ((BR+VL~TR)*SIN{ X*PI/180 }+TR-BR) /1000

Vv = {BR+VL-TR)*RADC*COS{ X*PI/180 )}/1000

A = -1*(BR+VL=-TR)* (RADC**2)*SIN{ X*PI/180 )/1000

FX = —1%{SC*S+PL+FM*A)* (FCOEY (BR/1000+5)+V/RADC)
ELSE

IF ((X.GT.D3).AND.(X.LE.D4)) THEN
S = (FB-BR)*{1+4CO0S{ (X+D1)*PI/180 ))/1000

= —1%{FB-BR) *RADC*SIN( (X+D1)*PI/180 }/1000
= =1* (FB=BR) * {RADC**2) *COS( (X+D1)*PI/180 }/1000
aLs = =1% {SC*S+PL+FM*A)* (FCOE* (BR/1000+S) +V/RADC)

§m§><

=0
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ENDIF
.ENDIF
ENDIF
SUMP = SUMP + FX
10 CONTINUE
TOR71 = SUMP/N
RETURN

ol L L1 I S 1 3 3 AL A L —— —kk kAR R
c (SEL1) SUBROUTINE FOR CALCULATION Cc

ol 1 T T X S — p—— Y T 21111 _— NI TYe)
SUBROUTINE SEL1l (RPM,GN,Gl, GZ G3,G4,G5,GD, TEFF, GT)
IF (RPM.LE.1200.) THEN
GN = 1.
ELSE
IF (RPM.LE.1800.) THEN
GN = 2,

ELSE
IF (RPM.LE.2000.} THEN
GN = 3,
ELSE
IF (RPM.LE.2200. } THEN
GN = 4,
ELSE
GN = 5,
ENDIF
ENDIF
ENDIF
ENDIF

IF ( GN.EQ.1 ) THEN
GT = G1*GD
TEFF = 0.8
ELSE
IF ( GN.EQ.2 ) THEN
GT = G2*GD
TEEF = 0.8
ELSE
IF ( GN.EQ.3 ) THEN
GT = G3*GD
TEFF = 0.85
ELSE
IF ( GN.EQ.4 ) THEN : .
GT = GA4*GD
TEFF = 0.9 |
ELSE _ : , .
IF { GN.EQ.5 ) THEN
GT = G5*GD
TEEFF = 0.9
ELSE
WRITE(6,*) ' ENTER NEW GEAR NUMBER '
ENDIF
ENDIF
ENDIF
ENDIF
ENDIF
RETURN
END
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