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APPENDIX DBl

DIGITIZATION AND CALIBRATION
Program

The purpose of such a program is to enable the ICL
Computer to read the output data from the ADC of the Hewlett
Packard Fourier Analyzer and to reproduce the digitized data,
after scaling, into a Suitable format for further use in the
data analyses programs, The new storing medium is abitrarily
chosen to be punched cards for convenient replacement of
damaged cards during data processing. The Optiog of calibrating

the recorded signals to their actual values at the output of

instruments are also provided at this stage.

Figure (Bl) shows an example of the data format on

tapes produced by the PUNCH command (via high speed punch) on

the ADC.
g ]
SF -4 0 9 8192 ‘CR LF
( 20) 32767 16384 cec s et esscscrses s e
( 28) 24523  ,...... S e ieeeaes Ceenes
Fig. (Bl1) Example of data on output tapes of the Hewlett
Packard ADC
where CR = Carriage return

LF = Line feed

SF = Stands for 'Scale Factor'
-4 = Is (K) in the expression 10K.
All data words are multiplied by IOK. Thus 1in
the above example all data words are multiplied
-4
by 10 = 0,0001
O = Is a coordinate code (e.g. rectangular, polar

etc...) (for further details see Table B1l).



9 = Frequency Code, which expresses data sampling
parameters in terms of SAMPLE MQDE and
MULTIPLIER switch setting on ADC.

(for further details see Table B2).

8192 = Block Calibrator.

20,28 = Are the locations of the first data Qord in
each data record (of 8 words) in the data
block‘of the ADC,

32767,)= Are data words. Data word syétem is as follows:
16384,; 'rO stands for O and 327?7 for -1.
)

24523 ) Therefore to convert data words into physical

values, use the following formula

Data word Block Calibrator K
Physical Value = 32767 X —— 85767 x 10
an upnel

L

Examination of the above mentioned example for paper
tape output indicates that appropriatetformat are required to
pick up. the values of (K) and the Block Calibrator for scaling

the data and to ignore other characters which could not be
/

recognised by the ICL tape reader.

The first part of the program performs the reading and
scaling processes, while the second part converts the data into

their physical values as given by equation (B1 ).

Calibration of the recorded signals to their actual

values could be carried out at this step using equation (B2).

C. Erecorded + D

b actual

(B1)

(B2)



where C 1s the attenuation factor on the recorded signal

and D 1s the biased DC level from the recorded signals,

In fact two versions of this program are available,
The first one, calculates the values of C and D from input
data giving the values of the calibration.voltages and their
corresponding digitized values. The latter set of data should
be punched on the same tapes of the digitized signals, while

the second version of this program could be used for signals with

known calibration conétants.

L]

Finally, the program calculates the correct engine
speed and the sample size of the digitized data as given by

the following equations

and *
SS = 720/NP (B4)
| /
where NP is the number of samples per cycle as obtained

from the recorded timing mark
SR is the sampling intervals on the ADC (micro-sec/
sample) - (see Table (ﬁ l).

and oS is the sample size in crank angle degrees.



TABLE (Bl) Frequency Codes of the ADC

Freq. oT Freq. T
Code & TIME Code TOTAL TIME
47 S50 KHz 10 Jy sec 63 100 1z 10 msec
46 25 KHz 20 }Jsec 62 50 1z 20 msec
45 10 KHz 50 psec 61 20 Hz 50 msec
44 °© KHz ]'.00 'Jsec 6O 10 H=z 100 msec
43 2.5 KHz 200 ‘Jsec 59 O Hz 200 msec
42 1 KHz | 500 Fsec o8 < Hz S00 msec
41 0.5 KHz [1000 ’}sec 57 1l Hz 1000 msec
40 0.25 KHz [2000 t/sec 56 0.5 Hz 2000 msec
39 0.10 Kliz |5000 leec 05 0.2 Hz o000 m'sec
L e

15 o0 Hz 10 msec 31 100 mHz 10 secC
14 25 Hz 20 msec 301 S0 mHz 20 sec
13 10 Hz o0 msec| . 29 20 mHz 50 sec
12 5 Hz | 100 msec 28 10 mHz sec
11 2.5 Hz 200 msec 27 S hH=z 200 sec
10 1 Hz 500 msec 26 2 mHz 500 sec
9 0.5 Hz 1000 msec 25 1l mHz 1000 sec
8 0.25 Hz |2000 msec 24 0.5 mHz |2000 secC
7 0.1 Hz [°000 msec 23 0.2 mHz |5000 sec



TABLE (B2) Coordinate S Codes of the ADC

Coordinate
Code

Frequ- | Rectan- polar | 1oe |Tinear Single Double
ency gular & Precision|Precision




Version No.

INPUT DATA':

=

N1
N2

N3

NI

N GRAPH

NGP

VCV(I)

SR

VARIABLE(I)

CR

1

DIGITIZATION AND CALIBRATION
Program

Number of individual signals punched on tape.
Number of individual tapes for each:signal,

Control variable calling the calibration sub-
routine if an input value of 9 |is introduced.

Number of samples digitized on each tape,

Number of calibration voltages.

Number of sanmples digitized from each calibration
voltage recorded signal.

First sample number on trace (accounts for any
shift of the digitized signal.

Control variable calling graph_plotter subroutine
if an input value of 9 1is introduced,.

Number of graph plots required.
't

Control variable for selecting x axis variable
according to the type of digitized signal.

NX = 1  For crank angles (degrees)
NX. = 2 For time (sec)
NX = 3 For frequencies (Hz)

Actual values of calibration voltages.
Sampling interval on the ADC (micro-sec/sample).
Attenuation factor on recorded signals.

Biased DC voltages from recorded signals, for known
calibration of sipgnals,

A string of alphanumeric characters describing the
digitized signals.

Compression ratio of engine.



Version No. 1 (continued)

INPUT DATA:
YP Probe vertical location in combustion chamber.
THETA Hot wire orientation inside the combustion

chamber,
X MIN, X MAX Maximum and minimum values on X axis,
Y MIN, Y MAX Maximum and minimum values on Yy axis,

X INS, Y INS Length of x and x axis (in inches) -

respectively,
OUTPUT DATA:
. -t
C Attenuation factor on recorded signals,
D Biased DC voltage from recorded signals.

5
VARIABLE (1) (As introduced in input data).

-

RPM Engine speed,

/

SS Sample .size (degrees)

A(I) Actual values of recorded signals,



JOB N200,N,NS1505
LUFORTRAN
IN TRO(NON-STANDARD), ONLINE
RUN
JOBCORE 30000
DOCUMENT SOURCE
LIBRARY (ED, SUBGROUPNAGF
LTBRARY (ZD, SUBGROUPUSUB
LIBRARY (ED, SUBGROUPGRAF
PRDGRAMCN200)
COMPACT
INPUT 1 = CRO
INPUT 3=TRO
OUTPUT 2 = LPO
OUTPUT 4 =CPO
TRACE 2 .
ND

MASTER  DIGITIZATION AND CALIBRATION

2 H 3 W W26 KWK KN KK W R W NN K T I W I N W WA W e I NI N KK N Fe NI N K NI KRN K

NS = NUMBER OrF INDIVIDUAL SIGNALS PUNCHED ON TAPE. -

i

NT - NUMBER OF INDIVIDUAL TAPES FOR EACH SIGNAL.
NC = CONTROL VARIABLE CALLING CALIBRATION SUBROUTINE IF EQUALS(9)
M1 = NUMBER CF POINTS DIGITIZED ON EACH TAPE.

N2 - NUMBER OF CALIBRATION VOLTAGES .

N3 = NUMBER OF POINTS DIGITIZED FROM EACH CALIBRATION VOLTAGE: .

NI = FIRST SAMPLE NUMBER ON TRACE (COULD BE NEGATIVE).
NAME x; = NAME OF X~ AXIS VARIABLE .
NAHE{Y = NAME OF Y AXIS VARIABLE .
NX = CONTROL VARIABLE FOR SELECTING THE X—AXIS VARIABLE ACCORDING
TO THE TYPE OF DIGITIZED SIGNAL .
NX = 1 FOR CRANK ANGLES (DEGREES) .
NX = 2 FOR TIME (SEC) . 4
NX ‘= 3 FOR FREQUENCIES ( HZ) .
NGP = NUMBER. OF GRAPH PLOTS REQUIRED FROM EACH SIGNAL .
IIGRAPH = CONTROL VARIABLE FOR CALLING GRAPH PLOTTER SUBROUTINES
- IF ITS INPUT VALUE EQUALS 9 .
VCV(I) = ACTUAL VALUES OF CALIBRATICN VOLTAGES.
SR = SAMPLING INTERVAL ON THE ADC (MICRO-SEC).
'C = ATTENUATION FACTCR FOR RECORDED SIGNAL.
D = BIASED DC VOLTAGE FOR RECORDED SIGNALS.
VARIABLE(I) = A STRING OF ALPHANUMERIC CHARACTERS DESCRIBING TEHE

RECORDED SIGNAL.

[

olololoNolokoJoNo ko Yo No ko XoXo Yo ko ko XoXo RO X2 X2 XD

INTEGER SR

cCOMMON /B1/ Ni,IT
coMMoN /B2/ C,D,CT,NR, NRP

COMMON //'N2 ,N3, VeV (5)

COIIMON/B AMEY(3 ,NAMEY (3 ), XMIN, YMIN,XMAX, YMAX, XINS, YINS, NX
COMMON/B5/NP, SR, NI, IG
DIMENSION VARIABLE(A)
NR NRP =0

1073676289.

RPAD(1 171) NS
DO 500 IS = ,LNS
READ(1,111) NT NC

IF(NC. EQ.9) GO TO 100




READE1,3332 c,D
READ(1,333) CR
GO TO 200
100 READE1,11') N2, N3
READ(1,333) (vCv(I),I-1,N2)
CALL CALIRRATION
WRITE(2,999) C,D
200 CONTINUE
IF&NT.EQ.O; NRP -INR
IF(NT.EQ.0) GO TC 500
DO 400 IT 1,NT
READf1,111) N1,NP, SR, NGRAPH, NGP,NX, NI
READ 1,444; (VARIABLE(I),I=1,4)
IF(NX.GT.1) READ(1,333) THETA ,YP
SS=720./FLOAT (NP
RPM=120,*(10. %6 )/FLOAT(NP*SR)
MAX FREQ = 10./(FLOAT(SR)*2., )
IE(NgﬁE§%1%SWHITE(2,777) (VARIABLE(I),I=1,2 ),RPM, (VARIABLE(I),I=3
%3 J J J
IF%NX.EQ.E) WRITE(2,888)RPM, ( VARIABLE (I),I=1,2),CR,YP,THETA, SR,
*MAX FREQ
§§§N§ﬁE§'3) WRITE(2,666)RPM, (- VARIABLE (I),I=1,2),CR,YP,THETA, SR,
X 4 . -
IF(NX.EQ.4) WRITE(2,555)RPM, ( VARIABLE (I),I=1,2),CR,YP,THETA,SR,
*MAX FREQ ‘
CALL TAPE READER
IF (NGRAPH.NE.9) GO TO 300
READ£1,333 XMIN, XMAX, YMIN,YMAY, XINS, YINS
READ(1,444) (NAMEX(I),I=1,3), (NAMEY(I),I=1,3)
IF(NS.EQ.1) CALL UTPOP
DO 300 IG=1,NGP
CALL GRAPH PLOTTER S
300 CONTINUE
4LOO CONTINUE
500 CONTINUE 1
IF . (NGRAPH.EQ.9) CALL UTPCL
111 FORMAT(8IL4)
333 FORMAT (6F0,0)

Lull FORMAT (4A8)
555 FORMAT(1H1,! SECOND DERIVATIVE OF AUTO-CORRELATION FUNCTION

#v /v ENGINE SPEED !',F3.3,'(RPM)',2A8,' COMPRESSION RATIO = !',F2.
xO,1:11/1 PROBE VERTICAL POSITION =!',F6.3,'(MM) CRANK ANGLE =t,
*57.3, '(DEGREES) = SAMPLING RATE -!',I3,'(MICRO-SEC)/SAMPLE) MAXIMUM
* FREQUENCY =!',F5.2,'(xHzZ)'//)
655 FORMAT(1H1,?! POWER SPECTRAL DENSITY FUNCTION'/

%! ENGINE SPEED =',F3.3,'(RPM)',2A8,!' COMPRESSION RATIO = ',F2.
¥0,':1'/'  PROBE VERTICAL POSITION =!',F5.3,'(MM) CRANK ANGLE =',
*F7.3, ' (DEGREES) SAMPLING RATE =!',I3,'(MICRO-SEC)/SAMPLE) MAXIMUM

* FREQUENCY =',F5.2,'(XHZ)'//)

777 FORMAT(1H1,! DIGITIZED DATA FOR',2A8/
% ! ENGINE SPEED -',F3.3,'(R’PM)!',2A8,!' COMPRESSION RATIO = !',F2.
«0,':1 NUMBER OF SAMPLES =',I3, 'SAMPLE SIZE =!,F7.3,'(DEGREES) ')
&35 FORMAT (111, ! AUTQ-CORRELATION FUNCTION!//
! ENGINE SPEED =',F3,3,'(RPNM)',2A8,' COMPRESSION RATIO = ',F2.

*0,':11'/1'  PROBE VERTICAL POSITION =',F56,3,'(M4) CRANK ANGLE =',
*77.3, ' (DEGREES) SAMPLING RATE -=',I3,!'(MICRO-SEC)/SAMPLE) MAXIMUM
* FREQUENCY =!',F5.2,'(KHZ)'//)

999 FORMAT (1H1,'? ATTENUATION FACTOR = !',F8.4,
+! BIASED DC VOLTAGE = !',F8.4)

STCP
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SUBROUTINE TAPE READER

R R R e Rk i B o R SR L SRR R L R L T R D DR T R SRR L DT T PR T L T L R R Sk R S b
INTEGER SR

DIMENSION IA(8)

COMMON /B1/ N1,IT

coMMoN /B2/ C,D,CT,NR,NRP

COMMON /B6/ X(3000),A(3000)

N1 = NUMBER OF POINTS PUNCHED ON THE TAPE .. -

N2 , N3 ARE NUMBERS USED FOR CALCULATING THE SCALE FACTOR OF DATA
PUNCHED ON TAPE

NPP =N1/8

NPC -=NPP *8

3,111; N2, N3
IF((NR.GT.0).0OR. ((IT.GT.1).AND. (NRP.GT.O READ(3,222) N2,N3
IF (N2.GT.0) SF = FLOAT(10%%*N2)*N3/CT

IF(N2,LT.0) SF = FLOAT(N3)/(FLOAT(10**ABS(N2) )*CT)

DO 100 I, =1,NPP
READ(?,33 ) éIA(I),I=1,8)
K = (L-1) =

DO 100 J =1,8
M=J+K
A(M) = C*FLOAT(IA(J))*SF +D
100 CONTINUE |
NRP = N1-NPC
IF(NRP.EQ.0) GO TO 200
READ(3,333) (IA(I),I=1,NRP)
DO 200 J=1,NRP
M= NPC 4J
A(M) = CxFLOAT(IA(J))#SF +D
200 CONTINUE
NCR -NINT (FLOAT (N1 ;/ 10.)
IF((NCR*10).LT.N1 )NCR=NCR-+1 .
DO 300 J =1,NCR
M1 = (J=1) *10
WRITE§2,H 4; A M1+I;,I=1,10;,J
WRITE(4,444 M1+I),I=1,10),J 't
300 CONTINUE
111 FDRMAT%2X,I7,1&X,I7 /)
525 FORMAT(1X,/,2X, I7T, 14X, I17,/)
333 FORMAT (10X,8I7,/)
Lily FORMAT(2X, 10F7.3,1I8) /
RETURN
END
SUBROUTINE CALIBRATION

WP R EHRFERRIRERERRXAELXRRERARRERX,ERXAXX ******%*****%***%******;}G***%%****

INTEGER VRV
DIMENSION VRV(100,5),VRVM(5),N5(5),N6(5),C1(5),D1(5),SF(5)
cCOMMON /B2/ C,D,CT,NR, NRP -

COMMON /B3/ N2,N3,VCV(5)

SC,SD =0.0

N3C - N3/8

DO 200 J =1,N2
IFéiNRP.EQ.o).AND.E{
IF( (NRP.GT.O0).0R .
WRITE(2,111) N5(J),N
SF(J) = FLOAT(10%*N5
WRITE(2,444) SF(J)

IF%%NH.EQ.O%.AND.%(IT.EQ.l).OR.?NRP.EQ.OB;; HEADf

A

J.EQ.1;.DR.(NR.EQ.o)ggREAD(3,111) N5£J;,N6£J;
ngT.1 . AND. (NR.GT.0) ) )READ(3,222)N5(J),N6(J
J

(J) )*N6(J)/CT




2

444 FORMAT (10X,E20.6)
DO 100 IN3 =1,N3C
L = 21N3-1;*8
READ(3, 333 SVRV((L+I ,
WRITE(2,333) (VRV((+I
100 CONTINUE
NR =N3~ (N3C*3)
M1 = N3-NR
IF(NR.EQ.O; GO TO 200
READ( 3,333 ivav“rmug,.:;,xﬂ,rqng
WRITE(2,333)(VRV yJ), I=1,NR
200 CONTINUE
WRITE52,333; N2, N3, NR
WRITE(2,444) (VCV(I),I=1,N2)
DO 400 J=1,N2
X=0,0
DO 300 I=1,N3
300 X= X4FLOAT(VRV(I,J))
400 VRVM(J) =X*SF(J)/N3
DO 500 I=1,(N2-1;
C1(I) = (vCv(I+1)=-vev(I))/(VRVM(I+1) VRVM(I))
500 SC = SC + C1(I)
C = SC/(N2-1
DO 600 I =1,N2
D1(I) ='vcvéI; -C*VRVM(I)

f —

M1+L

600 SD = SD +D1(I
D = SD/N2
111 FORMAT(2X,I7,14%,I7,/)
522 FORMAT 1x,/’2x,1§,1ﬁx,17,/)
333 FORMAT é17,/ ,
RETURN
END

10X,

1-:#--'

SUBROUTINE GRAPH PLOTTER *

********%%**********%%***%****************%%***********%%**%****ﬁ*

COMMON/BU4/NAMEX (3 ), NAMEY (3 ), XMIN, YMIN, XMAX, YMA
COMMON/B5/NP, SR, NI, IG _
COMMON /R5/ X(3000),Y(3000) ,
IF(NX.EQ. 1) CALL ANGLES

IF((NX.EQ.2).0R. (NX.EQ.4)) CALL TIME INTERVALS
IF (NX.EQ.3) CALL FREQUENCIES

X, XINS,YINS, NX

CALL UTP4A(XMIN,XIMAX, YMIN,YMAX,XINS,YINS, NAMEX,3,NAMEY,3)

CALL GRID(XMIN,XMAX,YMIN,YMAX,XINS, YINS)
CALL UTPUB(X,Y,NP,2)

RETURN

END

SUBROUTINE ANGLES

D IR R R R R R ok ok R o i TR R R AT A U A VA VAR VAR A STV A VRV AV Y 1 A0 A
Y(I) = MEASURED ENGINE PERFORMENCE PARAMETER. (
COMIMON/B5/NP, SR, NI, IG

COMMON /B5/ X(3000),Y(3000)

SS = 720, /NP

DO 10 I=1,NP

X(I) = 38«1
- Y(I) = Y((IG=-1)%*NP +I)
10 CONTINUE

RETURN

TR PR R P TR E L E L PR T ;;1




10

10

A

SUBROQUTINE FREQUENCIES

e 3 KK KN RN K AR KKK WKW F I N KRN KA AN N KA A H K e K e KKK NN K

Y(I) = POWER SPECTRUM VALUES AT DIFFERENT FREQUENCIES .
COMMON/BS/NP, SR, NI, IG
COMMON /B6/ X( oooS,Y(3ooog
DF = (10,%%6)/(2.*SRx2048,
X 13 =11 I*DF

Yé1 = Y(1 +(IG-1)*NP)

DO 10 I =2,NP

xilg = DF+I +X(1)

Y(I) =Y((2%I-1) +(IG~1)%*NP)
CONTINUE

RETURN

END

SUBROUTINE TIME INTERVALS

M M P K K K WK W N I N W I A NI WK WKW N KK I NN N W KKK AW N WK K W N W W N IR N KWK H PR K
Y(I) = AUTO-CORRELATION FUNCTION OR ITS SECOND DERIVATIVE .
COMMON/B5/NP, SR, NI, IG
CDMMON’/B6/'X£30003;Y(3000) L
x§1; NI*SR/(10.%%6)

Y (1 Y(1 +(IG=1)*NP)

DO 10 I =2,NP

XEI; I*SR/(10.%x6)+X (1)

Y(I) = Y((IG=1)*NP +I)

CONTINUE

RETURN

END o

i 1

SUBROUTINE GRID (XMIN,XMAX,YMIN,YMAM,XINS,VINS)

R R X R R A AR R R R R R R R R R R R R R R R R R ALl R
DIMENSION X(2),Y(2)
NX=IFIX(XINS)

NY = IFIX(YINS)

X(1) = YMIN /
Y 1; = YMIN

Y(2) = YMAX -

DX = ( YMAX-XMIN) /XINS

DO 1 I=1,NX

XE13 = x{1;+mc

X(2) = X(1

CALL UTPLB(Y,Y,2,3)

X(1) = XMIN

DY = (YMAX ~YMIN) /YINS
DO 2 I =1,NY

Y 1; YE1§ + DY
Y22 = Y(1

CALL UTPLB(¥,VY,2,3)
RETURN

END
FINISH

|l

-
L
-
- C
. o
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Version No, 2

DIGITIZATION OF CALIBRATED SIGNALS

Program
INPUT DATA:

N CAL A control variable which states the requirement
of calibrating the diglitized signals using
equation (1-2) if an input value of 9 1is
introduced.

NT Number of individual signals punched on a single

tape,

VARIABLE (I)* A descriptive statement about the digitized
signal and the test conditions.

NP The number of samples per cycle,

N The total number of samples for each individual
signal digitized,

SR The sampling interval on the ADC (micro-sec)
(see Table (Bl) ). - T
C Attenuation factor in equation (B2).
-'_
D Biased DC voltage in equation (Bl).
OUTPUT DATA: ’

VARIABLE (I)* (As introduced in the input data).
RPM Engine speed.
SS Sample size (degrees).

A(I) Actual values of recorded signals.

14.
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JOB N210,N,NS1505

LUFORTRAN
IN TRO(NON~-STANDARD),ONLINE
RUN
VOLUME 7500
CARDLIST
DOCUMENT SOURCE
PROGRAM(N210)
INPUT | = CRO
INPUT 3=TRO
QUTPUT 2 = LPO
OUTPUT 4 = CPO
TRACE O
END

MASTER  DIGITIZATION OF CALIBRATED SIGNALS

C e BT EL T L EET T L TR T T RN

INTEGER SR =
DIMENSION A(5000),IA(8),VARIABLE(10)
DATA CT,C,D/1073676289,,1.0,0.0/
READ(1,111) NT,NCAL

IF (NCAL.EQ.1) READ(1,222) C,D

DO 4 IT =1,NT
READ{1,333? (VARIABLE(I),I=1,10)
READ\ 1,444

SS=720./FLOAT(NP

RPM=120, *( O.%*6)/FLOAT(NP*SR) .

WRITE(4,555) (VARIABLE(I),I=1,10),RPM,NP;SS

NPP = N1/8

NPC = NPP*8

IF NPP.EQ.O; GO TO 1 1

IF {IT.EQ.1 .OR.(NRP.EQ.O); READ(3,666) N2,N3

IF((IT.GT.1).AND. (NRP.GT.0)) READ(3,777) N2,N3
IF(N2.EQ.0) SF = FLOAT(N3)/CT
IF(N2.GT.0) SF = FLOAT(10%%N2)*N3/CT
IF(N2.LT.0) SF = FLOAT(N3)/((10.**IABS(N2) )*CT)
WRITE{2,1000) N2,N3, SF

. WRITE(2,555) (VARIABLE(I),I=1,10),RPM,NP,SS
DO 1 L =1,NPP
READE3,88§% (IA(T), T-1,8)
K = (L=1)%

D31 J =1,8 *
[ = J+K
A{M) = CxFLOAT(IA(J))*SF + D

1 CONTINUE
NRP - N1=NPC
IF(NRP.EQ.0) GO TQ 2
READ(3,888) (IA(II),II=1,NRP)
D) 2 II=1,NRP
K = NPC +II
A(K) = C*FLOAT(IA(II))*SF +D

2 CONTINUE
NCR = NINTSFLDAT(M )/10,)

IF( (NCR*10).LT.N1) NCR = NCR +1
DO 3 J =1,NCR

N1,NP, SR
)

il

A ol ol ke e S W ——




M1 = (J-1) %10

WRITE(2,999) EA€M1+13,I-1,103,J
WRITE(4,999) (A(MI1+I),I-1,10),J
3 CONTINUE
4 CONTINUE
111 FORMAT(2I3)
222 FZRMAT (2F0,0)
333 FORMAT(10A8)
Ll FORMAT(3I4)
555 FORMAT(1H1,10X,21EDIGITIZED DATA FOR ,10A8//

#3X, 1BHENGINE SPEED =,F7.2,19H NC. OF SAMP - PLE
665 FORMAT(2X,I7,14X,I7,/)
[77 FORMAT 1%, /,2X, I7,14%,17,/)
883 FORMAT(10X,317,/
999 FORMAT(2X, 10F7.3,1I8)
1000 ggggAT 2X, ' SCALE FACTORS ARE :'/ 20X,2(18,2X),E20.5)
END |
FINISH
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APPENDIX B2

SPECTRAL ANALYSIS
Program

This program is mainly concerned with the spectral
analysis of the turbulence signals as discussed in Chapter 4.
The different steps in the program structure could -be

sunmarised as follows:-

1. Digitization of turbulence signals at the
appropriate sampling rates, usually'solJ sec/sample
1s sufficient which corresponds to a maximum cut

off frequency of 10 Kliz.

2. Preparation of turbulence signals at a particular
crank angle, This step includes”the following .

programming operations:
.t_
a) Isolation of a signal of width a9 , centred

at the crank angle 91,

to ['9 + ( be/z)]. ’

i.e. from [9 - (e—ze- )]

b) Addition of previously isolated samples to
the present one (note for the. first cycle the

previous signal represents a clear data block).

c) Storing of the obtained signal in step (b) into

a storing location,

d) Repetition of steps from (a) to (c¢) for a (N)
nunber of cycles are given by

Maximum number of analysed cycles (N)

= (Block size)/(Width of individual sample) (B5)
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Transformation of the synthesized signal to
zero mean value signal., The obtained signal

u(t) in step (2) is transferred into a new time

history with zero mean value x(t) as follows:

x () = u(t) - x | (B6)
where

- 1 N

X = -];I- IE-.-']. xn(t) | (B7)

and N 1s the number of samples in the data

record.

Such a process could be carried out in two ways,

a) Data record in time domain =~

Integrate the signal, then divide the result by

't
the number of samples and subtract the latter

value from the original signal.

b) Data record in frequency domain

Since the Fourier transform of the signal is an
intermediate step in the calculations of the
power spectrum function, as will be discussed
later, a process of eliminating the DC component
of the signal in the frequency domain gets rid

of such a mean value.

Auto-correlation function.
As discussed in Chapter 4 the auto-correlation function

is obtained by the following procedure:




a) Compute the Fourier transform of the time

series signal as given by the following

equation;

-j2nnt

X{(n) = J X, (t) e (B8)

b) Compute the spectrum of original data as given

X?n) is the complex conjugate of X(n) as

given by
oC
X*(n) = S - ox(tr ™Mt gt (B10)
_ - |

c) Compute the inverse ‘Fourier transform to obtain

the auto-correlation function as given by:

Rt(t) = F"l [d(n)] ' (B1ll)
R, (1) = SS(n) e9“™% 4n
..moc

j2nnt dn

!

S limit ;% X{(n) x*(n) e

Obtain the auto-correlation coefficient as defined

by:

Rt(t) Rt(t)

2

R; (t) = ’
X Rt(O)

(B13)

Il

where RéO) is the value of auto-correlation function

at zero time delay.
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R(o) = 1limit -,% _S x(t) x(t) dt = xz(t) (Bl14)

T_p#& aniih
6. Store the auto-correlation coefficient in another
data block for further analysils,

7. Obtain the time micro-scale of turbulence by double

differentiation of auto-correlation coefficient as

given by:
. 2.\
1 : .
= = "3 [ﬂg)‘] - - (BlY
P 0 ¢ .

8. Obtain the integral scale of turbulence by integrating

the auto-correlation coefficient as given by:

oc
- Yy -

L, = S R;: (t) dt (B16)

O

't
where the integration process is carried out only for

positive values of R; (t).

/
9. Obtain the normalised power spectrum function.

This is carried out by taking the Fourier transform
of the auto-correlation coefficient after applying

a rectangular window of the same width as the original

'cycle sample B' as discussed in Chapter 4. "
o)
F(n) = 2 J R‘t('z:) Cos 2mn t dt (B17)
-l

10. Individual cycles analysis,
To obtain the analysis of individual cycles the
synthesised data record for N cycles (step 2) is
disintegrated to its constituents and the analysis from

(3) to (9) are carried out for each individual cycle.
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2.1 Details of the Spectral Analysis Program

(Listing of Instructions on the lewlett Packard
Fourier Analyzer)*

The meanings of each command are given in Table (B3)

a) Preparation of Turbulence Signal i
L . 1 EN
BS 4096 ' EN }i
CL 1 EN !
L - 2 EN ' j ;
RA o
o O (NO) EN

CLL. O (NW) 4096 EN

A+ 1 EN L e
— O . (NW) EN
xSy 1 EN '
# 2 (NC) EN
/
where N© defines the location of the particular crank angle

of interest

NW  the number of samples for the width © of the cycle

4096

NC is the number of cycles analysed = BT

Example: For 1000 r.p.m. engine speed, 10° sample width

NW

33 samples at 50 /, sec sampling rate.

N 125 cycles.

*See Table (B3) for definitions.
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b(i) Transformation of Data to Zero Mean Value by Subtraction

of Mean Value

L 3 EN
x< 1 EN
$ 1 EN

- 1 4095 EN
* 1 4096 EN

CL 1 1 4056 EN

$ 1 EN N
* 1 -1 EN
A +1 EN

- v --W
where (N1) is the number of successive processes of subtractions.
1‘"
b(ii) Transformation of Data to Zero Mean Value by Eliminating
/

the DC Component in the Frequency Domailn

X< 1 EN

CL O 1 EN
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Sspectrum Analysis

If the method described in (b(i) ) is used, the analysis

‘starts with a Fourlier transform of the time signal,

while for the method described in (b(ii) ) the following

sequence of commands are used directly:

CL

A<

CL

END
TERM

2045 2050 EN

EN
EN
EN
1 4096 EN

EN

EN

* R(o) is obtained at this
step

EN
2048 EN
EN

EN

is obtained
0 t2 t =0 at this step

EN

EN % Recognise visually the
positive portion of the
curve and clear the
remaining part

N2 4096
le is

EN * Integral time sca
obtained at this step (Lt)

EN

NW  (4096-NW) EN

trum

% Normalised power spec

= function is obtained at this
step

EN

EN
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Table (B3) Meanings of Symbols Used in the SPECTRUM ANALYSIS Program

(Hewlett Packard Fourier Analyser Code (142) )

L N1 IABEL, this defines a starting statement of a
loop in the program. ‘

e N1 N2 COUNT, this determines the number of loops (N2) in
the program segment starting at the statement
labelled by Nl.

BS BLOCK SIZE,

RA - ANKLOG IN, this instruction introduces an analog
signal to the ADC as soon as a triggering pulse 1is
sensed.

CL N1 N2 N3 CLEAR, this clears the data from the sample (N2) to
the sample (N3) in the data block (N1l).

L e

«— N1 N2 SHIFT, this instruction shifts the data in the
block (N1l) number of_';samples N2 to the 1lift.

A + N1 .ADDITION} this instruction adds the data in block

‘ N1 to that in block (0)x.

A - Nl SUBTRACTION, this instruction subtracts point by

point the data in block N1 from that in block (0).

(*N1 N2 MULTIPLICATION, this multiplies the data in block Nl
E by an integer number (N2) (between -32767 to +32767) ‘
E with the exclusion of O vaiue.

E*Nl BLOCK MULTIPLICATION, this multiplies the data block
E N1l by block (0).

*- N1 N2 N3 COMPLEX MULTIPLY (N2 + J N3) for data in block Nl
: N1 N2 DIVISION, this divides the data block N1l by the

integer number N2.

: 4 N1 BLOCK DIVISION, this divides block (0) by block NL.
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Table (B3) continued,

(*) Block (0) is the first data block in the memory of ihe Fourier

analyser and is usually used as the working data block in any

dual operations between two data blocks,

(d/dx)

Cf)

DIFFERENTIATION, this differentiates the data in
block N1 (First data point remains constant).

INTEGRATION, this integrates the data in block N1,

W N1 N2 N3 PRINT, this gives a print out (on the teleprinter)

et ¥

PNl N2 N3

CR Nl

3.
of the data words from (N2) to (N3) in the data

..block(Nl).
PUNCH, this produces a punched paper tape for the
data words from N2 to N3 in the block Nl.
FOURIER TRANSFORM

N1l and N2 are two data blocks

Forward
1 “:N"l —er[m

F(man ) = N ;/:_0 f(n at)e N (B18)

Inverse
: m=N-1 +j2nnm :

F(hat) = §=0 F(mnan) e N (B19)
where

A t = time increment, n = frequency resolution

N = the total number of points in the time domain,
CORREIATE, this performs a cross correlation between
the data block N1 and block (0), if N1 is defaulted

an auto-correlation of block (0) is obtained.
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Table (B3) continued.

X< Nl LOAD, this loads the data in block N1 into block (0).
FX> N1 STORE, this stores the data in block (0) into block Nl.
L | ENDi

__‘-*.

-
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SPECTRAL ANALYSTIS

Progran.

Version No. 1
An examplz of the spectral analysis of turbulence signal at
(TDC) compression, using a 'cycle sample' width of 10 crank angle

degrees,a sanpling rate of 50f!sec/sample, and a data block of
1,095 data words. |

( Test at 1000 RPM).
1L 1
L BS 4096
7 CL 1
101 2
135 RA
15 <~
19 CL
2L A+
27 =
31 X>»
Sk =
39 X<
he F
50 CL
55 *-
57 F
29 X%
62 CL
67 &
70 ¢
75 W
78 X>

1183
33 4096

55

124 O

OO b O W O O

O Kk H H

2048

204y 2052
'96 X< |
102 W 30 37
107 %<
110 CL
115 F

117 .

O
O
2o
O = O O K O

33 4063
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Version No. 2

An example of carrying out the spectral analysis of turbulence . .

signals at two cranik angles, simultaneously. This version of the
progran 1s suitable for high engine speeds,e.g. 2000 RPM. In this

case a data block . of 2048 words can be uged.
L L 1
4, BS 2048
7 CL 2
1.Q CL 3
13 L e
16 RA
18 X>
2L -
25 CL
50 A+
. 33—
37 X>
40 X<
L5 =—
47 CL
52 A+
20 =
59 X
62 #
67 X<
70 L
75 X>
76 L
79 P
gl w—
88 s
95 F

92 CL
100 #-

102 F
104 X2
107 CL
112 §
115 ¢

L0
17 2048

275
17 2048

17

220 d

17
120 O

+ kPR WNDNDNW O WO O N OMNM O O K

O
o
ny

1 2048

oM R




Vergion No. 2 continued,

118 W
123% X>
126 -
130 ¢4
132 %
154 W
139 W
14y X<
147 A+
150 CL
155 F
160 D
162 4
164 D
167 X<
169 #~
172 .

-

O W W & O

1024

1022

53

1027
15

2015

wgrale o
s W ot

29, |
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Version No. 3

An example of a 'data preparation ' program for the spectral
analysis of turbulence signals at six crank angles simultaneously.
This version of the program is sultable for very high engine speeds

e.8. 3500 RPM. In this case a data block of 1024 data words can be
used, '

l L 1
L, BS 4096
7 CL ),
10 CL 1
13 BS Y024
16 L 2
19 RA
2l X%V
21, -
28 CL
S33 A+
36 ==

551
9 1024

S24
9 1024 ..

102y

270
9 1024

102
106 X >
109 X<
112 =—
116 CL

121 A+
124 s

198
9 1024

~J
n
P,
-
OO O R VT OWMOOKWPMFEFOPFPOOKWOWOORNMODNMOOW
O




Version No. 3 continued,

128 X
131 X<
154
138 CL

143 A+

IL6 ~—

I50 XS

153 =

158 .

N 3 O N O O M O

162

Q .

114

1024

31.
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Version No. };
SPECTRAL ANALYSIS ¥FOR INDIVIDUAL DATA RECORDS.

This program is concerned with investigating the extent of cyclic
variations in the turdulence characteristic parameters. Its input
data consists of individual cycle samples of turbulence signals
isolated at the particular crank angle of inteorest. The output
results of the progran can be sunmarised as follows:

1- Mean square value of the signal for each cycle sample.

2- The Time Micro and Macro scales of turbulence for each cycle sanple.
: 1l L 1

4
7

9
12

BS
CL
CL
CL

64

N

15 L - 2
18 CL | . i
20 R

22 ¥

2L CL 0 O

28 *%-
30 F
52 #
36 ¢
40 X
45 CL

I~
Co
&%
O H W H H H H O O

52

33

52
100 0

o0 ~J

O

H =

N O
O

86 .




APPENDIX B3

VEIOCITY PREDICTION
Program

The main objective of this program is to calculate
the gas velocities at different crank angles during the engine
cycle., The analysis is usually carried out for a number of
consecutive cycles to yield the statistical characteristics of

the veloclity signal,

The program is fed with a continuous data record of

the hot wire anemometer signal digitized as diséussed in
Appendix Bl. This requires a way of recognising the start and
end of each individual cycle on the trace. Moreover, because of
the limitations on the storage capacity of thé ICL computer, a
certain intermediate storing facility for fhe'ggféulated gas
velocities is required for further analysis. Magnetic tapes,
paper tapes or cards could be used for1;uch purpose, The latter
facilit&*was preferred in view of the reliability of cards and

possible replacement of damaged ones. The use of magnetic tapes

was also used in an earlier stage of this investigation,

The facilities for analysing any number of tests are
provided, (e.g. probe rotations, different traverses, variable
engine speeds or throttle settings). Also, the facilities of using
any combinations of output peripherals (line printer, card punch
and graph plotter) are also provided, together with a further option

of the number of individual cycles produced on each of the above

mentioned peripherals.

33.
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The required input data for this program could bo

summarised in the following groups of variables:

1, A conmplete statement.descriﬁing the test conditlons
for any particular experiment considered. This will
appear on the heading of output results and do not
enter in the program calculations. This group of
variables includes: engine speed, throttle setting,
engine compression ratio, probe vertical location in
the combustion chamber and wires direc}ion relative to

probe axes of reference.

2. Another statement about the collected and digitized

signal of the hot wire anemometer is also required.

This provides the program with the required information
about the sampling rate for the digitized data, the
number of samples per cycle, the number of complete
cycles consisting of the dat; record, the firing order
of the particular cylinder co;;idered (relative to the
reférence cylinder used for setting the timing mark) and

the code number for the anemometer bridge used in

collecting the signal,

3. The third group consists of a number of control variables

used to select the particular output peripheral on the
ICL computer or the combination of more than one peripheral

together with a specification of the required number of

cycles appearing on each peripheral,




The characteristics of the hot wire anemometer used.
This includes the values of wire operating resistance
and operating temperature, wiro cold resistance, lead
resistance, the wire length, the wire diameter, the
tenmperature coefficient of resistance for the.

wire material and the electric resistivity of wireo

material.

A statement about the signal conditioning for both
the hot wire anemometer and the pressure transducer.
This gives the values for the biased DC level and the

attenuation factors on the recorded signals, as

discussed in Chapter 4 and in Appendix Bl.

qlnl'""""

The sixth group of variables consists of the digitized

data for the pressure trace for one engine cycle. A

temperature trace is optional and is replaced by

introducing the values for the gas temperature during
~ ’

the induction period and making use of polytropic

relations.

The last group of variables represent the continuous

trace of hot wire anemometer signals.

39.
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INPUT DATA

NS | Number of individual tests consldered.
VC(I) Coefficients of the dynamic viscosity function,
CPAC(I) Coefficients of the specific heat at constant

pressure function.
N PUNCH A control variable for producing output results on

punched cards.

N GRAPH A control variable for producing output results on
graéh plots. . -

NC Number of cycles,analysed.

NP Number of samples per cycle.

NEQ A control variable for selecting the appropriate

current equation according to the anemometer system

used in collecting the signal.

NEQ = 1 For DRISA Aol system (100sutop resistanc
"NEQ = 2 For DISA' M system ( 505+ " N
NEQ = 3 For DISA M system ( 5% " "

/ .

THROTTLING*(I) Description of throttle setting.

DIRECTION*(I) Description of wires direction.

Y PX Vertical location of probe inside the combustion chamber.f

CR* Compression ratio of the engine.

RPM* Engine Speeﬁ.

AMIN Minimum crank angle on the x-axis of a graph plot of
velocity.

AMAX Maximum crank angle on the x-axis of a graph plot of
velocity.

VMIN Minimum value of gas velocity on the y axis.

VMAX Maximum value of gas velocity on the y axis.
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AINS Length of x-axis of tho plot (inches),.

VINS Length of y-axis of tho plot (inches).,

(*) The variables marked with (*) are used to give full description
of test conditions which will appear with output results but

do not enter in the calculations,

A Biased DC level from the recorded velocity signal
(volts).
B Attenuation factor on the recorded signal of gas

"

velocity (-).

SFP Scale factor for the pressure trace (psi/volt),
E | Polytropic exponent.

RW Wire operating resistance (ohms).

RC Wire cold resistance (ohﬁé).*rﬁ*

RL | Probe lead resistance (ohms).

TW Wire Operatingtemper;ture (°C).

To Reference temperature qu).

Po Reference pressure (N/hz).,

D * Wire diameter (m).

Z Wire length (m).

ALPHA | Temperature coefficient for wire material (/bC).
BETO Coefficient of electric resistivity for wire material

at the reference temperature To (% nt).
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OUTPUT DATA

CA(I) Crank angles (degrees).

T(I) Gas temperature (°C)

P(1) Gas pressure (N/mz) .

CUR(I) | Hot wire current at the crank angle of index I (amps).

BV(1) Bridge voltage.

H(I) lHeat transfer coefficient.('W/'m2 oé).

VE(I) Gas velocity (m/sec)

VM(I) Gas mean velocity averaged over NC number of cycles
(m/sec). X }

] o
e o o oo o . omav b . y= 1 an.  am _ rd o

,.
e el T

I
-
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JOB N220,N,NS1505

LUFORTRAN

RUN ,, 1500

DOCUMENT SQURCE
LIBRARY (ED, SUBGROUPUSUB)
L,TBRARY ED,SUBGRDUPGRAF;
LIBRARY (ED, SUBGROUPNAGF
PROGRAM(N220 )

COMPACT

INPUT 1 = CRO
QUTPUT 2 = LPO
OUTPUT &4 = CPO
TRACE O

END

MASTER VELOCITY PREDICTION

C WA 3 WK K KW NN W KKK
C THE USE OF DIFFERENT OUTPUT PREPHIRALS ARE PERMISSIBLE BY ASSIGNI-
C G A VALUE OF 9 TO THE CORRESPONDING CONTROL VARIABLE AS FOLLOWING:
C NG FOR GRAPH PLOTTER,.
C NPUNCH FOR CARD PUNCH.
C NWR FOR LINE PRINTER. h -
C NCPI, NUBER OF CONSECUTIVE CYCLES PLOTTED.
C NCWR NUBER QF CYCLES PRINTED QUT.
C NCYIL, CONTROL VARIABLE ALLOWING FOR ENGINE'FIHING ORDER FOR A
C FIXED TRIGGER LOCATION.
C NEQ SELECTOR FOR USE OF APROPIATE BRIDGE EQUATION.
C NP NUMBER OF SAMPLES PER CYCLE.
C NC NUMBER OF CYCLES ANALYZED.
C NAT NUMBER OF FIRST DATA POINT ON THE CYCLE.

DIMENSION CA(400),T(400),P(400), Bv(uoo)VE(uoo7 BETA (400),RG(400),

*TITLE(6), VM(400)

COMMON/PROP,/VC(9),CPAC(9)
READ(1,1010)NS .

READ( 1, 1020 SVC(I), =1,9)

READ 1,1020 CPAC(I),I=1,9)

READ(1, 1030 JAMIN, AMAX, VMIN, VMAX,AINS, VINS

DO 5000 IS =1,NS

READ(1, 1010 )NG, NPUNCH, NCPL, NCWR,NCYL, NEQ, NP, NC, NAI
READ(1,1015) NMAX

=EAD( 1, 1030 )RW, RC, RL, TW,TO, PO, D, Z, ALPHA, BETO
READ(1,1030/A,B, SFP,E

READ( 1, 1030 )RPM, CR, YP
READ( 1 10403{TITLE;I), =1,
READ(1, 1040 ) (TITLE(I), I-3,
TF (NPUNCH.NE.9) GO TO 5 ;

2)

6)
IF{IS.EQ.1 URITEgu 1010) NS
AMI

N, AMAX, VMIN, VMAX, ATINS, VINS

17 (IS.EQ. 1) WRITE(4,1050)AM
1,2),CR, YP, (TITLE(L),L=3,6 ),NC, NP

WRITE (4, 1060 )RPM, (TITLE(L), L
WRITE(4, 1010 )NP,NC

5 CONTINUE
$S=T20. FLDAT(NP)

NCR-NP/10
17 ( (NCR*10).LT. WP)NCR-NCRT
17 ( (NG.EQ. 9).AND. (IS.EQ.1)) CALL UTPOP

ll
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READ(1,1050)(P(I),I=1,NP}
NPM=NP/8+1
NPME=T7*NP/8
DO10I=1,NPM
10 SP=SP+P(T) |
P(1)=SP/NPM
DJ20I =1, NPM
P I)=P(1;
20 P(I+NPME)=P(1)
PMN=P (1)
DO30I =1 ,NP
IF(P(I).LT.PMN) P(I)
P(I;= ((P(I)-PMN)=SF
T (I TO+273.)*(§P(I
COEF=( 1+ALPHA* (T(I)~
RG(I2=RC*CDEF
30 BETA(I)=BETO*COEF
MRI=0
DO200JC=1,NC
IF ((NCYL.EQ.0).0OR. (JC.NE.1)) GO TO 50
NI=NINT(FLOAT (NP )*FLOAT(NCYL)/8. )
NX=NI-+NP
NPP=NX/10
IF ((NPP*10).LT.NX)NPP=NPP+]
NPC=NPP*10
MRE=NPC~NTI-NP+1
READ(1,1050) (BV(I),I=1,NPC)
DO 40 I=NI,NPC
M=I-NI+)
10 BV(M)=A*BV(I)+B
GCOTO70 N
50 NX=NP-MRI
NPP=NX/10
I7( (NPP*10).LT.NX )NPP=NPP+1
NPC=NPP*10 1
MRE=NPC-NX
READ(1,1050) (BV(MRI+I),I=1,NPC)
MI=MRI+1
ME=MRI+NPC
DO60I=MI,ME
60 BV(I)=AxBV(I)+B
70 CONTINUE |
WRITE(2,1010) NCYL,NP,NC,NEQ
WRITE(2,1020) RW,RL,TW,TO,PO,D,Z,ALPHA, BETO
NLAST = NLAST +NPC

Vi1l 7) 468
P)+14,77 ) %0885,
)650)**E)-273.

Y
L ]

J2=0
DO8B0I=1,NP
IF(NEQ.EQ.1) CUR = BV I)/1oo.+RL+Hw;
IF NEQ.EQ.Q; CUR *BV'I;/' 50.+RL+RW
IF(NEQ.EQ.3) CUR = BV(I)/( 5. +RL+RW)

CA(T)=8S* (I+NAT)
CAL?DF(%(%% gg,gUR,Rw,RG(I),BETA(I),Z,D,ALPHA,P(I),VE(I),H,M)
IF(J2.EQ. =
IFE(JQ.EQ.o).AND.(Jc.LE.NcwR))WRITE(2,1070)RPM,(TITLE(L);L=1,2),CR
*,YP, (TITLE(L),L=3,6),JC .

J2=J2+1

IF(JC.GT. NCWR )GOTQO30

WRIT=(:,10380)CA(T),T(T),P(1),BV(I),VE(I),H,M

A T AR Nty T TR T
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20 CONTINUE

85

OO0 CONTINUE

100 WRITE(4,1090)(VE(MX+I),I=1,10),JC,IX
110 IF(JC.EQ.NC) GO TO 200

120 BV(IR)=BV(L) | | )
200 CONTINUE

300
920

4000

5003
1010
1015
'020

030

040
1050
1050

1070

0-0
1090

DA 85 IM =1,NP
IF(JC.EQ. 1)VM(IM)=0.0

VM(IM)=VM(IM)+VE (II\I%

IF(JC.NE,NC) GO TO 85

VM(IM) =ViM(IM)/NC

CONTINUE

IFENG.NE.Q)GOTO9O

IF(JC.GT.NCPL)GOTO90
CALLUTP4A ( AMIN, AMAX, VMIN, VMAX, AINS,VINS, 23H CRANK ANGLE (DEGREES).

%,3, 16HVELOCITY (M/SEC),2)
CALLGRID(AMIN, AMAX, VMIN,VMAX,AINS, VINS)
CALLUTP4AB(CA,VE,NP,2)

IF (NPUNCH.NE. 9)GOTO110
DD1OOIX=3,NCR
MX=(IX=1)%10

DO120IR=1,MRE
L,=NP+IR

MRI=MRE

WRITE(2,990) (vM(IM),IM=1,NP)

IF(NG.NE.9) GO TO 300

CALLUTP4A\AMIN, AMAX, VMIN, VMAX, AINS, VINS, 23H CRANK ANGLE (DEGREES)
*,3, 21HMEAN VELOCITY (M/SEC),3)
CALLGRID(AMIN, AMAX, VMIN, VMAX, AINS, VINS )

CALLUTPLB(CA, VM, NP, 2)

CONTINUE N
FDRMATE1o(ex;F8.3;)

10

NXY = (NMAX-NLAST)/

IF (NXY.EQ.O0) GO TO 5000

DJ 4000 IXY =1,NXY t
READ(1,1050 ) (BV(I),I=1,10)

CONTINUE

NLAST =0 .

CONTINUE | ,
FORMAT(2X, 10I3)

FORMAT ( 2TL )

FORMAT( 3E20. 12)

FORMAT( 10F0.0)

FORMAT ( 10A8)

FORMAT( 2X, 10F7.3)

FORMAT(2X, ' ENGINE SPEED = !',F7.2,'(RPM)!,2A8,' COMPRESSION RATIO
1 =1,F2.0,': 1'/' PROBE VERTICAL LOCATION =!',F5,2,'(MM)',4A8/' NU
2MBER OF CYCLES ANALYZED -',I3,' NUMBER OF SAMPLES PER CYCLE =',I3)
FORMAT(1H1, MZASUREMENT OF GAS VELOCITIES INSIDE A COMB
1USTION CHAMBER OF A S.I. ENGINE'//!

SPENGINE SPEZD =!,F7.2,'(RPM)',2A8,' COMPRESSION RATIO =!',F2.0,': 1

3V /)1 PROBE VERTICAL LOCATION =!',F5.,2,' (MM
L)',4A8," CYCLE NUMBER =!',I2//! CRANK ANGLE  TEMPERATUR
5E PRESSURE BRIDGE VOLTS VELOCITY H NO.OF I

6TERATIONS '//)
FDHMAT£12X,F8.4,5X,5E14.6 5X, I4)

FORMAT(2X, 10F7.3,I3,2%,I3
CALLUTPCL |
STOP

END
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SUBROUTINE DF(TO,TW,CUR,RW,RC,BETO,Z,D, ALPHA,P,V,H,M)
CALCULATES GAS VELOCITY FOR A HOT WIRE ANEMOMETER IN AIR USING
DAVIES AND FISCHER EQUATION FOR V- F(H)

PARAMETERS

TO-  AMBIENT TEMPERATURE

T~  WIREC OPERATING TEMPERATURE.

CUR- WIRE CURRENT.

RWW-  WIRE OPERATING RESISTANCE.

RC~ WIRE COLD RESISTANCE AT TEMPERATURE TO.
BETO-WIRE RESISTIVITY AT TEMPERATURE TO

Z-  WIRS TOTAL LENGTH.

D- WIRE DIAMETER.
ALPHA-WIRE MATERIAL 1ST TEMPERATURE COEF. OF RESISTANCE.
P~ AVBIENT PRESSURL.,

V-  CALCULATED VELOCITY.
He- HEAT TRANSFER COEFICIENT.
g-A NUMBER OF ITERATION LOOPS COMPLETED IN SUBROUTINE CJMIT.
EAL K1 |

CO/MMON/PROP/VC(9),CPAC(9)
PI= 3.141592654
vro= vr(vc,0,00001717,0.0,T70,~139.5)
CNTO==CNT{0.02h35,0.0,0.82,TD)
CPTO= CPT(CPAC,T3,9) .
CVTO= CPTO/1.403 - X
RHO= P*28.93/(8314.3*(TO+273.;) ;
CNTI-= CNT(0.02435,0.0,0.82,TH
CALL HTRANS(H,K1,CUR,RW,RC,TW,TO,BETQ,Z,D, ALPHA, M)
IF(H.GT.99999999.0) GOTO 1
G1= H*PI*CNTJ/(2.6+CVTO*CNTI)
G2= D/VTOC
FC=:((TW+233.)/(TD+273.))**0.3
V= (G1%%3, )x(G2**2, )*FC/RHO
RETURN R

1 WRITE(2,2) K1

2 FORMAT(29H ITERATION FAILURE IN DF IER=,E12.4)
RETURN _
END !

SUBROUTINE CJMIT(X,V1,V2,V3,Vl,F,FN,XLI,XRI,EPS, TEND, IER,M)
SOLVES GENERAL NON-LINEAR EQUATIONS OF THE FORM FN(X,A,B,C,D)=0 .

BY MUELLERS ITERATION FMETHJID
PARAMETER FN CALLS AN EXTERNAL FUNCTION SUPPLIED BY THE USER

DESCRIPTION OF PARAMETERS
X- RESULTANT ROOT OF EQUATION FN(X,A,B,C,D)=0
V1~V VALUES OF CONSTANTS A,B,C,D |
FN- NAME OF EXTERNAL FUNCTION USED
XLI-INITIAL LEFT BOUND OF THE ROQT X.
XRI~-INITIAL RIGHT BOUND NOF THE ROOT X
EPS-UPPER BOUND OF THE ERROR OF RESULT X
IEND-MAY. NUM3ER OF ITERATION STEPS SPECIFIED
TER-RESULTANT ERIODX PARAMETER
IER=1 NO CONVERGENCE AFTER IEND ITERATIONS FOLLOWED

BY IEND SUCCESSIVE STEPS OF BISECTION.
IER=2 BASIC ASSUMPTION FN(XLI)xFN(XRI)LESS THAN ZERQ

IS NJT SATISFIED.

TER=0 NO ERROR
SOLUTION OF EQUATION FN(X,A,B,C,D)=0 IS ACHIEVED BY MEANS OF
MUELLERS ITERATION METHOD OF SUCCESSIVE BISECTION AND INVERSE

PARABOLIC INTERPOLATION,WHICH STARTS AT THE INITIAL BOUNDS x;&E
AND XRI.CONVERGENCE IS QUADRATIC IF THE DERIVATIVE OF FN AT T

ROOT X IS NOT EQUAL TQ ZERO,.ONE ITERATION REQUIRES TWO
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EVALUATIONS OF FN(X,A,B,C,D).
FOR REFERENCE SEE G.X.KRISTIANSEN,ZERN OF ARBITARY FUNCTIONS
VOL3(1953), PP205-206.

PREPARE ITERATION
IER=0
XL=XLI
XR=XRI
X =X1,
TOL = X :
F= FN(""DL Vi,V2,V3, VL)
IF(F) 1,16,
1 FL-=F
X=XR
TOL= X
F= FN(TOL,V1,V2,V3,V4)
IF(F) 2,16,2
2 FR=F
IF(SIGN(1.00,FL)+SIGN(1.00,FR)) 25,3,25
BASIC ASSUMPTION FL*FR LESS THAN O SATISFIED.
GENERATE TOLERANCE FOR FUNCTION VALUES.
3 I=0
TOLT= 100.0:EPS
START ITERATION LOOP
4 T=I+1
M= T
START BISECTION LOOP
DO 13 K=1,IEND
X= 0. 5+(XL+XR)
TOL =X
F= FN(TOL,V1,V2,V3,VL) R
IFEF) 5,16,5
5 IF(SIGN(1.00,F)+SIGN(1.00,FR)) 7,6,7
INTERCHANGE XL, AND XR IN ORDER T GET SAME SIGN IN FL AND FR
6 TOL= XL
XL =XR
¥XR= TOL
TOL = FL
FL=FR
FR= TOL
7 TOL= F~FL
A= F*TOL
A=A+A
IFEA-FR*(FR-FL)) 8,9,9
3 TF(I-IEND) 7,17,9
g XR=X
FR=F
TEST ON SATISFACTORY ACCURACY IN BISECTION LOCP
TOL= EPS
A= ABS(> R;
IF(A=1.00) 1°,11,10
10 TOL= TOL*A
11 IF ABS{XR-XL%-TDL 12 13
12 IF(ARS(FR-FL)-TOLF) 1ﬁ 14,3
13 CONTINUE
END BISECTION LOOP

, BIT,
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18

10
20
21

22
23

NO CONVERGENCE AFTER IEND ITERATIONS AND BISECTIONS

SET IER=1 .ERROR RETURN.
IER= 1
IF (ABS(FR)-ABS(FL)) 16,16,15

X=XL
F=FL

RETURN

COMPUTATICN OF ITERATED X-VALUE BY INVERSE PARABOLIC INTERPOLATIQN

A=FR~F
DX={X~XL)*FL* (1.00+F* (A-TOL)/ (A% (FR-FL) ) )/TOL

KM —d
M=l

X=XL~DX
TOL =X

F= FN(TOL,V1,V2,V3,V4)

IF(F) 18,16,18

TEST ON SATISFACTORY ACCURACY IN ITERATICN LOQCP

TOL= EPS

A=ABS(X)

IF(A-~1.00) 20,20,19
TOL= TOL*A

IF (ABS :K)-TOL; 01,21,22

IF (ABS(F)~-TOLF

16, 16,22

PREPARATION OF NEXT BISECTION LOOP

TF(SIGN(1.00,F)+SIGN(1.00,FL)) 24,23,24
XR=X
FR=F

GOTC 4

XL=X
FL =}

XR =XM
FR=FH
END ITERATION .
GOTO 4

ERROR REURN IN CASE OF WRONG INPUT DATA.

IER= 2
RETURN

=D

SUBROUTINE HTRANS(H,K1,CUR,RW,R0,TW,T0,BETO,Z,D,ELP,M)
CALCULATES THE HEAT TRANSFER COEFICIENT FOR A FINE WIRE IN A

CRCSS FLOW CBF GAS.

He

HEAT TRANSFER COEFICIENT.

K1- FUNCTION VARIABLE.
CUR-WIRXE CURRENT.

R -
RC-
TV~
TO-
BETO-RESISTIVITY OF WIRE MATERIAL AT TO.

7 -
Do

M

WIRE OPERATING RESISTANCE.

WIPE RESISTANCE AT TEMPERATURE TO
WIRE CPERATING TEMPERATURE.
REFERENCE AMBIENT TEMPERATURE.

TOTAL WIRE LENGTH.
WIRE DIAMETER.,

NO OF ITERATIONS EXECUTED IN CJMIT.

a4}

1P- FIRST TEMPERATURE COEFICIENT OF RESTSTANCE FOR WIRE MATERIAL. | -
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ADDITIONAT, SUBROUTINES REQUIRZD-- CJMIT,FK1.

FOR REPEARFRNHCE SEE INTERNAL REPRT.

REAL K1

DIMENSION ¥N(20)

EXTERMNAL FK1

PT= 3.141592654

A= PIxDxD/U

CNwS=2.23%ETD+273;/€€10.*%8;*BETO)

CNWT = 2,23 (TW+273 )/ ( (10, %8 )xBETOx (14+-ELP* (TW-T0) ) )
G1 = CUR*CUR*RY/ (A *CNWT*2x (TW=TQ) )

G2= 2xCNWS+ 70/ (7*CNWT*RW )

G3= (RW-RI)/RV

Ch= z/2

XL= 0.01

XR= 10.%*(12,)

EPS= 10, %% (~T)

IEND= 100

CALL CJMIT(X1,G1,G2,G3,C4,F,FK1,XL,XR,EPS, IEND, IER, M)
IF(IER.LT.1) GOTO 1 :

H= 100000000,0

CUR= F

K1= IER

RETURN

CONTINUE

K1-= ARS(X1)

H= (K1*CNWT*A+CUR*CUR*ELP*R0/Z)/(PI*D)
RETURN

END

-#'.

FUNCTION vT(CF,VO,TO,TT,TC)
CALCULATES THE DYMNAMIC VISCOSITY OF A CAS AT TEMPERATURE TT.
‘t

NPUT PARAMETERS.
CF~- POLYNOMIAL COEFICIENTS FOR VISCOSITY FUNCTION VALUES.
VO~ VISCOSITY AT REFERENCE.TEMPERATURE TO. |
TO- REFERSZNCE TEMPERATURE .

TT- GAS TEMPERATURE. |

TC- TENPERATURE OF GAS AT ITS CRITICAL POINT.

FOR REF. SEE REID AND SHERWOOD,PROPERTIES OF GASES AND LTQUIDS,
CHAPTER 6, PUBLISHERS MC.GRAW-HILL.

DIMENSICH Cr(9),Xx(2),F(2)

TR1:€TD+273 / TC+273;

TR2= (TT+273)/(TC+273

1.33*TR1

I
F(I)= F(I)+CF(J;#(X(I)»*(J-1))
CONTINUE
VT = VOxF(2)/F(1)

RETURN
END
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FUNCTION FK1(¥K1,G1,62,C3,G4)

EXTERNAL FUNCTION T3 CJMIT. ‘

gggcszEs THE HZAT TRARSPER Wk A UDAWED WIRE IN A CROSS FLOW QOF

INPUT PARAMETERS.

K1-  ITERATION VARIABLE,
(ABS(H*PI*D/CNWT~CUR«CURxALPHA#*RO/(CNUT=2)))

G1- EQUATTON CONSTANT. §CUR*CUR*HH ( A¥CHWT = Zx (TW=TO ) )

G2~  EQUATION CONSTANT. (2+#CNWS*RO/(Z#CNWT*RW)

G3-  EQUATION CONSTANT((RW-R3)/RW)

GL-EQUATION CONSTANT. (z/2)

REAL K1,KA,KSA

KA= ABS(K?

KSA= SQRT(KA)

FK1= G1%(1-G2*TANH(KSA*Gl )/KSA-G3)-KA
RETURN
END

FUNCTION CNT(CMNO,TO,P,TT)

INPUT PARAMETERS.
CNO- THERMAL CONDUCTIVITY AT REFERENCE TEMPERATURE.

TC-REFERENCE TEMPEIATURE. |
PPOWE: FOR PARTICULAR GAS UNDER CONSIDERATION,

FINDS THE THERMAL COND OF A SINGLE GAS AT TEMPERATURE TT

FOR REFERENCE SEE TSEDERBERG,THERMAL CONDUCTIVITY OF GASES AND
LIQUIDS,CHAPTER 3,PUBLISHERS ARNMNILD.

CiT = COx{ {((TT+273)/(TC+273) )#*P)

RETURN 2]

END |

FUNCTION CPT(AC,T,N)

FINDS THE SPECIFIC HEAT OF A SINGLE GAS AT TEMP T
BY POLYNCHMIAL FIT TO PUBLISHED DATA..

INPUT PARAMETERS.

AC- 1-D ARRAY OF LENGTH N CONTAINING THE COEFICIENTS.
Te= GAS TEMPERATURE.

N~ ORDER CF POLYNOMIAL +1

DIMENSION AC(Q)

CPT= 0.0

00 1 I=1,N

CPT= CPTH+AC(I)*(T#+(I-1))

CONTINUE

RETURN

END

416 ;-
N -
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APPENDIX B4

STATISTICAL ANALYSIS
Program

This program is responsible for investigating the
extent of cyclic variations in mean gas velocity. This causes
cyclic variations in the turbulence parameters from one cycle
to another which, consequently, affects the propagation of the

combustion process and the development of the cylinder pressure,

It consists, thereforé, of a complementary part of
the statistical analysis of turbulence analysis which will be
discussed in Appendix BS5. The linput data to this program are
obviously the output results of the program ‘VELOCITY PREDICTION'

‘discussed in Appendix BJ. g

The calculations are carried out to give the statistical
characteristics of the data in terms o;: mean values, variance,
standard deviations, coefficient of variations and range of variations.
(The definitions of different terms are /given in Appendix A2).

It calculates also the Skewness and Kurtosis factors at each crank
angle, These later variables are measures of the degree of symmetry

and peakiness in the probabiility distribution of the data, which

will show any deviations from the normal distribution usually

assumed,



INPUT DATA

NS
TITLE(I )
NP
NC

V(I1,J)

OUTPUT DATA

CA(MP)

VM(MP)

Number of individual tests considered.
Description of each individual test condition.
Number of samples per cycle,

Number of cycles analysed.

Instantaneous mean gas velocity at the crank

angle of index I and the cycle number of index

J.

Crank angle of index (MP).

Mean velocity over a number of cycles (NC).

.--#*

V MX(MP), V MN(MP) Maximum and minimum values of gas velocity for

MX

MN

SD(MP)

SDM(MP)

SKEW

the crank angle of igdex (MP) over a number of

cycles (NC).

The cycle number (index) where the maximum value of
4

velocity occurred,

The cycle number (index) where the minimum value of
veloclity occurred.

Standard deviation of the gas velocity at the crank
angle of index (MP).

Coefficient of variation of gas velocity at the
crank angle of index (MP).

Skewness factor at the particular crank angle

considered.
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OUTPUT DATA (continued)
KURT } Kurtosis factor at the particular crank angle i
considered.
CVR Range of variation of gas velocity at any particular 4
crank angle considered, -
e
’ | .



10 I

JO3 N230,N,NS1505
LUTORTRAN |
RUN ,, 1500
VOLUME 7500
JO3CORE 30000
CARDLIST
DOCUMENT SOURCE .
LIBRARY (ED, SUBGROUPUSUB
LIBRARY (ED, SUBGROUPGRAF
LIBRARY (ED, SUBGROUPNAGF
PROGRAM(N230 )
COMPACT
INPUT 1 = CRO
OUTPUT 2 = LPO
TRACE O
END

MASTER STATISTICAL ANALYSIS

C ¥ 6 3 36K 3 W N K 6 I XX ¥ . -

REAL KURT "

DIMENSION Vv(400,12),vM(400), VMN(400),VvMX(400),sD(400),SDM(400),
*TITLE(400),CA(400)

DIMENSION X(1800)

CALL UTPCP

READ(1,111) NS |
READ( 1,444 ) AMIN,AMAX, VMIN,VMAX,AINS,VINS

DO 10 IS =1,NS

READE1,3333 (TITLE(T), I=1,30) S
READ(1,111) NP,NC |
DO 1 J = 1,NC
READ(1,444) (V(I,J),I=1,NP) " ¥
1 CONTINUE b
SS = 720./NP - -
JW =0 |
DO 6 MP =1,NP
SV =0.0 /
DO 2 J=1,NC

2 SV = SV‘I‘V(T"IP,J)
VM(MP) = SV/NC
SVS,DV3,DV4=0,0
DO 3 J = 1,NC
SVS = SVS+ V(MP, J)*V(MP,J)
DV = V(MP,J)=-VM(MP)
DV3 = DV*DV*DV+4DV3

3 DV4 = DVU4+DV3I*DV
Y1 = /M(MP)*VM(MP )*NC
VAR = (SVS-Y1)/(NC=1)
SD(MP) = SQRT(VAR)
SDM(MP) = SD(MP)/VM(1MP)*100.
SD3 = SD(MP)*VAR
SD4 = VAR*VAR

SKEY = DV3/8D3*£NC-1)3
KURT - DV4/(SDU*(NC=3)
VMN(MP ), VMX(MP )= V(MP, 1)

DO 4 J =1,NC
IF(VMN(MP).LT.V(MP,J)) GO TO &
VMN/(
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VMN(MP) = v(MP,J)
MN = J
4 CONTINUE
DO 5 J=1,NC
IF(VMX(MP).GT.V(MP,J)) GO TOQ 5
VMX(MP) = V(MP,J)
MX = J ,
5 CONTINUE
CA(MP) = SSxMP
CVR = (VvMX(MP)-VMN(MP) )./ VM(MP )*100.
IFEJV.EQ.50) JW=0
IF(JW.EQ.O) WRITE(2,555) (TITLE(I),I=1,30) ,
JW = JW+] | 3
WRITE(2,666) CA(MP),VM(MP),VMX(MP),MX, VMN(MP ), N, SD(1MP ), SDM(MP),
* SKEW, KURT, CVR ~ |
6 CONTINUE
CALL MAXIMUMESDM,NP,SMMX)
CALL MAXIMUM (SD,NP,SDMX) 3
CALL UTP4A(AMIN,AMAX, VMIN,VMAX,AINS,VINS,23H CRANK ANGLE (DEGREES .
*),3, 16HMEAN VEL (M/SEC),2 . i
CALL GRID (AMIN,AMAY,VMIN,VMAX,AINS,VINS)
CALL UTP4B(CA,VM,NP,2) .
CALL UTP4A(AMIN,AMAX, VMIN,VMAX,AINS,VINS,23H CRANK ANGLE (DEGREES
*},3,15HMAX AND MIN VEL,2)
CALL GRID (AMIN,AMAX,VMIN,VMAX,AINS,VINS) -
CALL UTP4B éCA,VMN,NP,2) '
CALIL UTP4YB (CA,VMX,NP,2)
CALL UTP4A(0.0,720.,0.0,SDMX,8.,5.,23H CRANK ANGLE (DEGREES), 3,24
*HSTANDARD DEVIATION M/SEC,3)
CALL GRID(0.0,720.,0.0,SDMX,8.,5.0) I
CALL UTPMBECA,SD,NP,2)
CALL UTP4A(0.0,720,,0.0,SMMX,8.,5.,23H CRANK ANGLE ([ EGREES), 3,24
*HCOEFF.OF VAR. S(U)/U*100,3)
CALL GRID(0.0,720.,0.0,SMMX,8,,5.0)
CALL UTP4LB (CA, SDM,NP,2) |
10 CONTINUE
CALI UTPCL
111 FORMAT(2X,06I3)
222 FORMAT(6F0,0)
333 FORMAT(10A8)
4454 FORMAT(2X, 10F7.3)
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END

555 FORMAT(1H1,! STATISTICAL ANALYSIS OF GAS MOTION
# INSIDE A CYLINDER OF A S.I. ENGINE '/ '
¥ ! 3 KN K NI W NN H WA S W NI N I WK RN %
RN ERURRFRERARRARRERERRHNRAH%T E
x| ', 10A3/! ' 10A8/ E
3 ' ,10A8// | 3
<1 C.A. MEAN VEL MAX VEL CY NO MIN VEL CY NO S.D. MEAN S |
x.D,  SKEW KURT COEF OF VAR3!) :

566 FORMAT(2X,F6.2,3X,F7.3,2X,F7.3,2X,13,5X,F7.3,2X,13,2X,F7.3,2X,F7.3 |
#,3X,F8,.4,3X,F3.4,3X,F3.,4) E

STOP
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SUBROUTINE MAXIMUM (X,NP,XMAX)

DIMENSION X(200)

XMAX = X(1)

DO 1 I=1,NP

IF(XMAY.GT.X(I)) GO TO 1
XMAX = X(I) -

CONTINUE

XMAX = (NINT(XMAX/5.)+1.)%5,
RETURN

END

SUBROUTINE GRID(XMIN, XMAX,YMIN,YMAX,XINS,YINS
DRAWS A GRID ON A SET OF AXES PROVIDED BY UTP
DIMENSION X(2),Y(2)

NX= IFIX{XINS

NY= IFIX(YINS
X(1)= XMIN

Y§1§=YMIN

Y(2)= YMAX |
DX= (XMAX-XMIN)/XINS ~
DO 1 I=1,NX

1
xE1)= KE1%+DX
X(2)= X(1)
CALL UTPUB(X,Y,2,3)
X(1)= XMIN
DY= (YMAX-YMIN)/YINS
DO 2 I=1,NY
Y(2)= Y(1
CALL UTPL4B(X,Y,2,3)
RETURN * |
END '
FINISH

)JfA IN THE MASTER .
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APPENDIX BS

TURBULENCE ANALYSIS 1
Program

The objective of this program is to calculate the
characteristics of the turbulence signal at some particular
crank angle of interest during the engine cycle’ These turbulonce

characteristics include the following parameters:

a) Fluctuating velocity components, (u'): -

|
b) Intensities of turbulence, Int =(*§~). 100.

¢c) Time micro-scales of turbulence, ('lt).
d) Length micro-scales of turbulence, ('ly).

e) Length macro-scales of turbulence, (ﬂ;ﬁ.

-"
The mean gas velocities and the mean bridge voltages, over the

number of cycles considered (ﬁ andﬁ), are calculated as intermediate
steps in the program and are, therefore,’produced on the output

results,

It is obvious that this program requires feeding with the

output results obtained from the SPECTRAL ANALYSIS program

discussed in Appendix B2. This includes the following variables.

a) Values of the mean square of the fluctuating

voltage components as given by'Rt(o) equation (B-14)

calculated over a large number of cycles.
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b) Values of the second derivative of the auto-

correlation coefficient at zero time delay,

2

@R%(t)]
> t° t =0

c) Values of the integral time scale
o~

— ' |

Lt = S Rt (dt) (B20)
O

This program requires also the digitized signal of

the mean bridge voltage for a number of consecutive cycles,

L

the characteristics of the hot wire anemometer used in
6ollecting the signal and finally the fluid properties at

the different crank angles considered in the progran.

A listing of the MASTER segment of the TURBULENCE

an g b

ANALYSIS I program is given at the end of ‘this appendix.

All the subroutines and functions required for this program are
I'_

the same as for the VELOCITY PREDICTION program and are not

repeated, therefore, in this appendix.
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INPUT DATA

AX(I)
VC(1)

CPAC(I)

CASE(I)

N CYL

NANG (K)

NC

NEQ

N GRAPH

ANGLE (I,K)*

String of characters used for the graph plot.
Coefficients of the dynamic viscosity function.,
Coefficients of the specific heat at constant
pressure function.

Number of individual tests considored.
Description of each test condition.

Firing order of any particular cylinder, relative
to the reference cylinder, used in setting the

timing mark,

Number of crank angles at which turbulence
analysis are required.
Number of complete consecutive cycles from the

mean bridge voltage trace,.

Number of samples pex cycle.

Total number of samples on the-continuous data
record of mean bridge voltage.

/!

A control variable for the selection of the

appropriate anemometer system current equation.

NEQ =1 For DISA Aol system
NEQ =2 TFor DISA M system ( S0-°¢ "
NEQ =3 For DISA M system ( 5-7t"

A control variable for calling the graph plotter

section of the program if its input value = O,

55,

T

Values of crank angles at which turbulence analyses

are required.
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VMS(I,K)

MICRO (I,K)

MACRO (I,K)
P(I)

T(I)

A

B

X(I1)

(RW, RC, RL, TW, TO, PO, D, Z, ALFIA, DETA,

o6,

Mean square values of fluctuating voltage

components,

Second derivative of auto-correolation coofficient
at zero time delay,

Integral time scale of turbulence = TR{ (t) dt
Gas pressures (N/mz) )

Gas temperatures (°C)

Biased'DC level from mean bridge voltage trace.
Attenuation factor on the recorded mean bridge
voltage trace, . -

L

Attenuation factor on the recorded turbulence

signal.

Digitized values of mean bridge voltage.

i -

have the same meaning as in the VELOCITY . PREDICTION  program,

Appendix B3).

/

(*) Subscripts I refer to a particular crank angle index and K to

the particular test considered.

These groups o0f variables
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OUTPUT DATA

ANGLE (J,K)

BVM

INTENSITY (J,XK)
MICRO (J,K)
MICROL (J,K)
MACRO (J,K)
MACROL (J,K)

s (J,K)

u (J,K)

VM (J,K)

57.

Values of crank anglos at which turbulence
analysis are carried out (degrees).

Mean value of the bridge voltage at a particular
crank angle (volts).

Turbulence intensities, (%).

Tinme micro-~scale of turbulence (sec),

Length micro-scale of turbulence (mm).

Time macro-scale of turbulence (sec).

Length macro-scale of turbulence (mm).h

Mean square value of fluctuating voltage component
(volts).

Fluctuating velocity component (m/sec).

Mean gas velocity over a numbey of cycles (m/sec).

..‘_
Subscripts, J the particular crank angle index.

K the particular test index.
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JOB N250,N,NS1505
JORCORE 32000

LUrOR

RUN

T'RAN

, 1500

DCUMENT SOURCE

10

LIBRARY ED,SUBGRDUPGRAFB
LIBRARY (=D, SUBGROUPUSUR
LIBHARY{ED,SUBGRDUPNAGF)
PROGRAM{N250)

COMPACT

INPUT 1 = CRO

QUTPUT2 =LPO

TRACE 2

END

MASTER  TURBULENCE ANALYSIS I
L R R R R T X R R A T2

REALoi?TEng?Y(12,10),MICHO(12,10),MICRDL(12,10),MACRO(12,10),

DIMENSION TS12),P(12),BETA(12),Rc(ze),vm(1?,1?),

* ANGLE(12, 10 vms(12,1?),u(12 1o;,x 7500),v(12),NaNG(12)

pIMENSION Ax{20),case(10),xx{12), vy (12) ~

COMMON/PROP/VC(9), cPAC(9)

READ(1,1000) (AX(I),I=1,20)

12

READ{ 1,666 gvc(Iz,If1,9)
READ(1,666) (CPAC(I),I=1,9)
READ\1,111) NS

DO 40 K=1,NS

READ (1,888) (CASE(I),I=1,10) R
READ(1,111) NCYL,NANG(K),NC, NP, N, NEQ, NGRAPH
READ(1,222) RW,RC,RL,TW,TO, PO, D, Z,ALPHA, BETO, E.
READ(1,222 ) (ANGLE(I,K), I=1,NANGLK))

READ(1,222) (VMS(I,K),I=1,NANG(K)) 't

READ( 1,222 EMICROEI,K},I=1,NANG K

READ( 1,222 ) (MACRA(T.K ), T=1,NANG(K

READ(1,222, EP{I),I;1,NANGEK;;

READ(1,222) (T\I),. - 1,NANG(K ,
READE1,222 A,B,G |
READ(1,333) (

X(I): 1=l :N)
WwRITE(2,389) (CASE(I),I=1,10)

WRITE(2,444

D3 30 J=1,NANG(K;
DO 10 I 1,NANG(K

BETA(I) —BETD*(1+ALPHA*'T(I%-TD}§

RG(I) RC* ( 1+ALPHA*(T(I)-TQ

CONTINUE

NSHIFT = NINT(FLOAT(NP*NCYL)/3. )

SV, SBV=0.0

DO 20 I=1,NC

NX = NSHIFT +(I-1)*NP+NINTSANGLE(J,K)*FLOAT(NP)/720.)
Yi= (X(NX=1)+X(NX)+X(NX+1))/3.

By = AxY14B

SBV = SBV+BV

I

o8, .

O PR L O T
i

”&#m#wﬁ ¥, sl o I
£, . -
n,



59,

IFENEQ.EQ.1) CUR = BV/(100.+RW+RL)
IF(NEQ.EQ.2) CUR = BV/(50. +RW+RL)
IF(NEQ.EQ.B; CUR = BV/(5.0 +HW+RL2
CALL DF(T(J),TW,CUR,RW,RG(J),BETA(J),Z,D, ALPHA, P(J),VE,H, M)
SV = SV+VE
20 CONTINUE
BVM = SBV/NC
vM(J,K)= SV/NC
vMS(J,K) = VMS(J,K)*G *@
INTENSITY (J,K) ﬂSQRT(ABSEVMSSJ,K)))*6./BVM*100.
Uu(J,K) = vM(J,K)*INTENSITY(J,K)/100.
MICROL(J,K) &MACRO(J,K) ARE CALCULATED IN (MM)
MICROL{J,K; =MICRO(J,K)*VM(J,K)*5/(10%*%2) |
MACROL(J,K) =MACRO(J,K)*Vi{J,K)*(1000) E
WRITE(2,555) ANGLE(J,KJ,BVM,VMS(J,K),VM(J,K), INTENSITY(J,K),U(J,K)
% ,MACROL(J,K), MICROL(J,K) -
O CONTINUE
O CONTINUE
IF(NGRAPH.NE.9) STOP
CALL UTPOP
VMAX = L0,
SFX = 0,02 | ]
CALLUTP4A(80. ,380.,0.0,VMAX,6.,5.,11HCRANK ANGLE, 2, 20HTURBULENCE
*INTENSITY, 3)
SFY= 5, /VMAX N
DO 60 K=1,NS d
DO 50 J=1,NANG(K} :
XXEJ] =ANGLE(J,K

YY(J) = INTENSIT¥(J,K) ~ ~ f
fo) = ANGLE(J,K)*SFX~1.6 | ;
Y(J) = INTENSITY(J,K)*SFY S :

CALL UTP3(AX(x),X(J),¥(J),2)
50 CONTINUE
CALL UTPLB(XX,YY,NANG(K),?2) |
60 CONTINUE '
CALLUTP4A(80. ,380.,0.0, 6.0,6.,6.,11HCRANK ANGLE, 2, 1 QHPURBULENT
*VELQCITY, 3)
DO 80 K=1,NS
DO 70 J=1,NANG(K) ,
vY(J) = U(J,K)
XiJ; = ANGLE(J,K)*SFX~1.6
v(J) = U(J,K)
CALL UTP3(AX(K),X(J),Y(J),2)
70 CONTINUE
CALL UTPUB(XX,YY,NANG(K),2)
50 CONTINUE
CALL UTP4A(80.,380.,0.0,4.,6.,5.,11HCRANK ANGLE,2,24HMICROSCALE OF
¥ TURBULENCE, 3)
SFY - 1.25
DO100 K=1,NS
DO 90 Jﬂﬂ,NANG(K;
xxX(J) =aNGLE(J,K
yy(J) = MICRO(J,K)
XEJ; = ANCLE J,K;%SFX-1.6
v(J) = MICRO(J,K)*:FY
CALL UTP3(AX(X),X(J),Y(J),2)
00 CONTINUE

e 1 5 = -.".:.;;u by
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6O.

CALL UTPUB(XX,YY,NANG(K),?2)
100 CONTINUE - ~
CALLUTPAA(30.,380. ,0.0,VMAX,G.,5.,11HCRANK ANGLE, 2, 20HMEAN VELOCT
*vY (M/SEC),3)
SFY = 5./VMAX
DO 120 X=1,NS
DO110 J=1,NANG(K)
xX(J) =ANGLE(J,X)
YY(J) = VM(J,K)
XEJ; = ANGLE(J,K)*SFX=1.6
y(J =:VMéJ,K)*SFY
CALL UTP3(AX(X),X(J),Y(J),2)
110 CONTINUE
CALL UTPUB(XX,YY,NANG(K),2)
120 CONTINUE
~ cALLUTP4A(80. ,380.,0.,2.,6.,5.,11HCRANK ANGLE, 2, 19HSCALE OF TURBU
*I,ENCE, 3) |
SFY -~ 2-5
DO 140 K=1,NS
DO130 J=1,NANG(K)
xx(J) =ANGLE(J,K)
YY(J) = MICROL(J,K)
xiJ; = ANGLE(J,K)*SFX-1.6
Y(J) = MICROL(J,K)+SFY . .
CALL UTP3(AX(K),X(J),Y(J),2)
130 CONTINUE
CALL UTP4B(XX,YY,NANG(K),2)
140 CONTINUE
111 FORMAT(10I4)
222 FORMAT(12F0,0)
333 FORMAT(2X, 10F7.3) .
2L FORMAT( X, ! CRANK ANGLE MEAN B.V. VMS MEAN V
*EL,  INTENSITY TURBULENT VEL. MACRQ- =~ [MICRO')
555 FORMAT 2X,E13.?,2K,E13.5,1X,6(1X,E13.5))
666 FORMAT(3E20.12
383 FORMAT(10A8) - 4
239 FORMAT( 10X, 10A8)
999 FORMAT(6F0.0Q)
1000 FORMAT(20A1)
2000 CONTINUE
CALL UTPCL | ,
STOP
. END



APPENDIX B6

TURBULENCE ANALYSIS 1II
Program

The main operations carried out by this program

could be summarised as follows:

1-

Calculations of the spatial micro-scale of
turbulence from the normalised power spectrum

curves as given by

2
SR L j F(n) n2 d n (B21)
1% G2 o
X

Calculations of the macro-scale‘of turbulence
by integrating the positive bhrfﬂ3¥'auto-
correlation coefficient curve and by approximating

-'_
the auto-correlation curve by an exponential

function as given by the following relations

/

— ' v,

L, = j Rt (t) dt (B20)
L = U L (B22)
X t

and
R! (1) - o~ t/Lt (B23)

Calculations of the percentage of energy content in
the signal at different frequencies as given by

2
1

u LA
—_ = I F(n) dn (B24)
u 2 b

6l.



Producing the power spectrum, auto=-correlation

coefficient and the second derivative of the

auto-correlation coefficients in terms of

absolute values at different frequencies and

time delays, respectively.

G2.



INPUT DATA

BS

VARIABLE(I)
NAMEX(I)
NAMEY (1)

N1

NP

SR

OUTPUT DATA

A(I)

MAX

AMAX

MACROSCALE

63,

Number of individual graphs required with the

following sequence

IT = 1 for normalised power spectrum curve,
IT = 2 for auto-correlation coefficient curve.
IT = 3 for the second derivative of auto=-

correlation coefficient,

Number of samples in the original data block on

the FOURIER ANALYSER.
Mean gas velocity at the particular crank angle
of interest,

Déscription of test conditions for each graph.

ok -l

The title which appears on the x-axis of a graph,.
The title which appears on the y-axis of a graph,
Total number of data words on each tape.

Number of samples per cycle,

/

Sampling interval of the digitized data (ffsec/sample).

Absolute values of the variable considered.

The location of maximum value of ordinates on the
tape.
The value of the maximum ordinate on a trace,

Macro-scale of turbulence,.



OQUTPUT DATA (continued)

SCALE

FREQ(I)

Micro-scale of turbulence,
Minimum frequency for a certain percentage of

energy content in the signal.

64.



J“B.N390 N,NS1505
T,UTORTRAN
™ TRO(NDN STANDARD ), ONLINE
RUM
CARDLIST
DI2CUMENT SOURCEH
LTERARY (ED, SUBGRIUPUSURB
LIBRARY (ED, SUBCROUPGRAR
LIBRARY (5D, SURGROUPNAGF
PROGRAM(N390 )
COMPACT
INPUT 1=CRO
INPUT 3= TRO
QUTPUT 2 = LPO
QUTPUT 4=CPO
TRACE 2
END

MASTER TURBULENCE ANALYSIS II

*%%******%%%% %o AW W R W W N

INTEGER SR “
REAL MACROSCALE (500) -

REAL NAMEX(4),NAMEY ( u%

DIMENSION A(2100),IA(8),VARIABLE(10),Z(11)
COMION/B1/X(1100), Y{‘HOOg ,FREQ(11 g,NH,U ,BS, FMAX

QQ

cnnroq{BS/x 1123( ¥ 2}2? ?R?O }é),N113UBS FMAX

DATA Z(1 37 Z2(5),Z Z , ,2(2),72(10),2(1 0.
0.1, 03,011 0.6.0.7.0.8,0. ’9,1('.70/ (2),2(10),2(11)/0.0,
READ§1 10 NT

READ(1,20) U,BS,FMAX I

CALL UTPOP
DO 1000 IT =1,NT

READ(1,80) (VARTABLE (I),I=1,10)
READ(1,80 NAME EI; T=1, u; T
READ( 1,80 NAMEY(I),I=1,3

READ(1,70) N1,NP, SR

CT = 32767. 0%32767.

ssﬂ7eo /FLOAT(NP)

RPM=120. % (10, **6 ) /FLOAT(NP*SR )
W?ITE(Q 90) (VARIABLE(I),I=1,10),RPM,NP,SS
NPP 1/8

NPC =NPP 8

IF%{IT.EQ.1) .OR. (NRP.EQ.0)) READ(3, 100)N2, N3
I7(( IT.GT.1 ).A.hm (NRP.CT.O) )READ 3, 101 )N2, N3
WRITE(2,100) N2, N3

I“gNe . GT, o; SF *-FL”AT(10**N2)*N3/CT

’

IF(N2.EQ.O = FLOAT (N3 )/CT

T#(1'2.1T.0) SF FLDAT(N3) ((10.%*IABS(N2) )*CT)
IRTTE(2,500) SF

D” 300 L=1,NPP

EAD Ej,zoo) ( IA(T),T-1,8)

K = (L-1) *8
DD 300 J= 1,93
M=J+RK

A(M) = FLNAT(IA(JT)) * 3F
300 CONTINUE



66,

NRP = N1~ HNPC
IF(NRP.EQ.O) GO TO 75
READ(3,200) (IA(II) II=1,NRP)
DO 75 II =1,NRP
K = NPC +II
A(K) = FLOAT(IA(II))*SF

75 CONTINUE

IF%IT.EQ.1; GQ TO 520 R
IF(IT.NE.3) GO TO 506
DO 505 IF=1,NT
Y(IF) =-A(IF)
505 CONTINUE
506 CONTINUE
IF(IT.NE.2) GO TQ 508
DO 507 IF =1,N1
Y(IF) = A(IF)
507 CONTINUE
508 CONTINUE
CALL MAXIMUM (Y,N1,AMAX,MAX)
WRITEEQJO) MAX
WRITE(2,700) AMAX
DO 510 IF =1,Nt
X(IF2=FLDAT((IF-MAX)*SH)/(IO.**6)
IF(Y(IF).EQ.1) GO TO 510
MACROSCALE(IF) = X(IF)/ALOG(ABS(Y(IF)))
510 CONTINUE |
WRITE(2,700) (X(II),MACROSCALE(II),II=1,N1)

XMAX = X(N1)
YMIN - 0O,5*AMAX
WRITE(2,700) XMAX e
WRITE(2,700) YMIN -
WRITE(2,700) (%x(II),Y(II),II=1,N1)
CALL UTPuA§XMIN,XMAX,YMIN,AMAx,s.,5.,NAMEX,3,NAMEY,3)
CALL UTP4B(¥,Y,N1,2) 1
GO TO 1000
520 N11 = N1/2 -
x(1) = 0.0

LO 530 IF =2,N11
530 X(IF) = IF*10000. /2043,

IF = 1

" DO 540 IF2=1,N1,2

Y(IF) = A(IF2)*2048/10000, %2,

IF = IF+]
5110 CONTINUE

CALL MAXIMUM (Y,N11,YMAX,MAX)
WRITE(2,10) MAX
WHITE§2,7003 YMAX
WRITE(2,700) (X(II1),Y(TI),II=1,Nt11)
CALL UTPHA% 0.0,5000,,.0,YMAX,5,.,5. ,NAMEX, 3, NAMEY, 3 )
CALL UTP4B(X,Y,N11,2)

CALL ENERGY DISTRIBUTION
CALL UTP4A(0.0,5000.,0.0,1.0,5.,5., 16HFREQUENCIES (HZ),2,8HENERGY

ﬁ"'Fg.’ 1 )
CALL UTPLB(FREQ,Z,11,2)
1900 CONTINUE



67.;

10 FORMAT(I3)

20 FORMAT (4F0.0)

70 FORMAT(2T4

80 FORMAT(10A3)

90 FORMAT (1H1, 10X, 21HDIGITIZED DATA FOR ,10A8//
+8X, 14HENGINE SPEED - F7.2,1¢H NO. OF SAMPLES =,I3,16H SAMPLE S
*TZE =,F5, 2, 9H(DEGREES}//) :

100 FDHMA”(EX I7,14X I7h/

101 FORMAT (1x /s2X, I7,14%,17,/)

200 FDRPAT§1OX,8T7,1X,/
500 FORMAT(2X,5E15.9,1I3
700 FORMAT 8(2x E12.5))
" CALL UTPCL
STOP
END

SUBROUTINE ENERGY DISTRIBUTION

KXW AWXRHNXHR NN WHRH®
COMMON/B1/X(1100),Y¥(2100),FREQ(11 ),N11, U, BS, FMAX
DF =2, *FMAX/BS
AREA,AREA1=0,0

L

J =0
DO 1 I=1,(N11=1)
AREA - AREA+(Y(I)+Y(I+1)}/2.*DF
AHEA1-AREA1+(Y(I)+Y(I+1 )#(X(I)*%2)*DR/2.
IF(AREA.LE.O.1) FREQQ; = X(I
IF(AREA.LE.0.2) FREQ(3) = X(I
IF(AREA.LE.0.3) FREQ(4) = x(I e
TF(AREA.LE.O.4) FREQ(5) = X(I ”
IF(AREA.LE,.0.5) FREQ = X(I
IF(AREA.LE.0.6) FREQ = X(I
IF(AREA, LE.O 7) FREQ = X(TI 1
IF(AREA.LE.0.8) FREQ(9) = X(I .
IF(AREA.LE.0.9) FREQ 1og= X(T
IF(AREA.LE.1.0) FREQ(11) = X(I) |
IF(J. GT.100g J =0 ‘
IF(J.EQ.100) WRITE(2,3) X(I),AREA,AREAT
J=Jd+1
J = J+ 1
1 CONTINUE

SCALE = SQRT((UHe; (10.%%6)/(39.478416%AREAY ) )

WRITE£2,2) (FREQ(I),I=2,11)
WRITE(2,4) SCALE

i FDRMATEEX 'MICRO-SCALE OF TURBULENCE -=',F7.4,!'(MM)!')

2 FORMAT(2X,' MINIMUM FREQUENCIES FOR PERCENTAGES OF TOTAIL ENERGY'/
%! 100 203 30% koY 503 60% 70% 803 S03 1005/
#10(2X, F3.3))

3 FGRMAT(3(2X,F8 49)

RETURN
END



68,

SUBROUTINE MAXIMUM (X,NP,XMAX,J)

KRENFERXLETXEXRRLERW R RANR

DIMENSTON X(2100)

XMAX = X(1)

J = 1

DO 1t I=1,NP

IF (XMAX.GT.X(I)) GO TO 1
XMAX = X(I)

J =1

CONTINUE

RETURN

END

FINISH

‘u-—lﬁ'



APPENDIX B7

TURBULENCE CYCLIC VARIATION
Program

The main objectives of this program could be

outlined as follows:

1, Calculations of the turbulence characteristics
for individual cycles at different crank angles
during the engine cycle, e.g. fluctuating velocity
componeﬂts,'micro-scales, intensities of turbulence

b,

and eddy diffusivities,

2. A test on the stationarity of the data at different

confidence limits.

3. Estimation of the extent of cyclic.variations in

turbulence parameters, in terms of their standard

deviations, coefficient oY variation and ranges of

variation,

/
The input data for such a program are, therefore, the

output results of the Spectrum Analysis program for individual
cycles (data records) at any particular crank angle of interest

during the engine cycle,

69.
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INPUT DATA

NANG

NCYC

ANGLE(I)

N EU(I)

BV(1)

VM(I)

VMS(I,J)

MICRO(I,J)

MACRO(1,J)

710,

Number of crank angles during the ongine cyclo,

for which turbulence analysis are carried out,
Number of cycles analysed at each crank anglo,
Attenuation factor on the recorded turbulenco
signal,

Values of crank angles at which tbrbulence analysis

is carried out,

Values of the kinematic viscosity at diffoerent

crank angles, .

Mean values of the bridge voltage at different
crank angles.

Mean values of gas velocity at different crank

angles,

- g

Mean square values of the fluctuating voltage

component at the crark angle index (J) and for the

particular cycle number (1).

The values of the secgpd derivative of the auto-
correlation coefficlent at zero time delay for
the crank angle of index (J) and the particular
cycle number (1I).

The value of the integral time scale at the crank

angle of index (J) and for the cycle number (I).



OUTPUT DATA

71,

The output data of this program are the calculated

values of turbulence characteristic parameters for the number

of cycles analysed.

These calculated parameters are:

Fluctuating velocity component (u').
’ t
Intensity of turbulence (Int u-%r-'IOO).
U

Micro-scale of turbulence ly.
Macro—-scale of turbulence Ly

Micro-eddy diffusivity. 81

Macro-eddy diffusivity. &,

Meanings of the symbols used for 411  the output parameters

are as follows:

Y(I)

SD

SDM

ST INDEX

Value of a particular parameter for the cycle
number 1I. {
Mean value of the parameter Y.

Standard deviation of the parameter Y.

Coefficient of variation of the parameter Y = %% .

Stationarity index which provides the number of

sign changes for the values of a particular parameter
over a number of cycles (NCYC) which is compared

with standard values for the "RUN'TEST" of stationarity

at different confidence limits as given in Table (B4).




TABLE (B4) Test of Stationaritx

Percentage Points of Run Distribution (118),.

Values of r, « such that [rn > rnA] o o where n = N/2
)

72.

5 2 2 3 8 0

6 2 3 3 10 10

7 X 3 4 11 12

8 4 4 5 12 13

3 4 S 6 13° 1:1
10 5 6 6 15 15
11 6 7 7 16 16
12 7 7 8 17 18
13 7 8 9 18 19
14 8 9 10 19 _, 20
15 9 10 11 20 21
16 10 11 11 22 22
18 11 12 13 24 25
20 13 14 15 26 27
25 17 18 19 32 33
30 21 22 24 37 39
35 25 27 25 13 414
40 30 31 33 418 S50
45 34 36 37 o4 55
50 38 40 12 59 61
55 43 45 16 65 66
60 47 419 Sl 70 72
65 52 54 56 75 77
0 56 58 60 81 83
78 61 63 65 86 88
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JOoB N290,N,NS1505
LUFORTRAN

RUN

CARDLIST

DIC SOURCE
LIBRARY (ED, SUBGROUPNAGF)

L,IBRARY {ED SUBGHDUPUSUB;
ILIBRARY ED,?UBGRDUPGHAF
PROGRAM(N290
COMPACT

INPUT 1 = CRO

OUTPUT 2 = LPO

TRACE 2

END

. MASTER TURBULENCE CYCLIC VARIATION
C H X I I W W N KWWK KWW WK
REAL MIcRo(100, }2) MACRO(}OO 12):NEU(12)
DIMENSION ANGLE(12),Bv(12),vM(12),vMs(100,12),%(100),Y(100)
DIMENSINN TE(100),Y1 100),TITLE 10, 12)
READ(z,111 NANG,NCYC .
WRITE(2,111) NANG,NCYC o .
READ(1,222) @ ~
READ( 1,222 ANGLE(I) I=1,NANG)
READ(1, 222) (NEU(T), I=1,NANG)
READ 1,222; BV I) I= 1,NANG;
READ(1, 222 vM (I),I=1,NANG
DO 100 J=1, NANG .
READ(1, 101? (TITLE(I,J),I=1,10)
READ(1,222) (VMS(I,J I—1 NCYC;
WRITE(2, 444 ) (vMs(T,J), I=1.,NCYC)
READ(z ,222) (mrcrol1,J),TI=1,NCYC)
WRITE(2, 444) MICRO(I 7). I=1,NCYC)
100 CONTINUE |
D? 200 I= NCYC J
I)=FLOAT{I
DG 250 J=1, NANG
DO 25? I= 1,NCYC
MICRO T,J =M%CRD I, J)/§1o L% xly) ,
vis(T,J)=vms(z,T)*Gxc/L10 *#5)
250 CONTINUE
CALL UTPOP

-#l'

200 X

XMIN=0. O
“MAX=FLOAT (NCYC)

DO 400 J=1,NANG
WRITE(2, 1030) (TTTLE(IW,J),IW=1,10)
CALL UTPUA(XMIN,XMAX,YMIN,YMAX,5.,5.,12HCYCLE NUMBER,2,

22HTURBULENCE INTENSITY /5,3 )
YM, S¥YS5=0,0
STINDEX =0.0

D? 00 I=1,NCYC
I? *SQRT'VNS(I J))/Bv(J)*100.

-YM+Y(I
sys =SYS+Y(I)*Y(I)

300 CONTINUE
YM=YM/FLOAT (NCYC)

DO 350 I=1,NCYC



DD 350 I=1,NCYC
TE(I)=Y(I;-YM -
IF(I.EQ.1) GO TO 350 ‘
T -—-TE(I)/TESI-H
IF(T.LT.0.0) STINDEX =STINDEX+1.
350 CONTINUE
YY =YM*YM*FLOAT(NCYC)
VAR =(SYS-YY)/FLOAT(NCYC=-1)
SD=SQRT(VAR)
SDM =SD/YM
WRITE(2,333) ANGLE(J),YM, VAR, SD, SDM, ST INDEX
WRITE( ,444) (x(1),¥(I),I=1,NCYC)
CALL UTP4B(X,Y,NGCYC,2)
4OO CONTINUE
YMAX=0, 2
DO 600 J=1,NANG
WRITE 2,10}0) (PITLE(IW,J),IW=1,10)
CALL UTPL4A(XMIN XMAX,%MIN;YMAX,S.,5.,12HCYCLE NUMBER, 2,
%+16HMICRO-SCALE (MM),2
YM, SYS=0.0
STINDEX =0.0 i
D? 500 I=1,NCYC :
y\I)=vM(J)*0.05/SQRT (MICRO(I,J))
SYS =SYS+Y(I)*Y(I)
YM=YM+Y(I)
500 CONTINUE
YM=YM/FLOAT (NCYC)
DO 550 I=1,NCYC
TEfI)=Y(I§- 1
IF(I.EQ.1 ?o TQ 550 Ny
) |

NCYC

T =TE(I)/TE(I-1

IF(T.LT.0.0) STINDEX =STINDEX+1.
550 CONTINUE n

YY =YM*YM*FLOAT(NCYC)

VAR =(SYS-YY)/FLOAT(NCYC=-1)

SD=SQRT(VAR)

SDM  =SD/YM
WHITEE2,666; NCYC ,
WRITE(2,333) ANGLE(J),YM,VAR, SD, SDM, ST INDEX

CALL UTPLB(X,Y,NCYC,2)
WRITE(2,444) (X(1),¥(I),I=1,NCYC)
600 CONTINUE
YMAX=0.5
DO 800 J=1,NANG
1«JRITE(2,10}O) (TITLE(IW,J), IW=1,10)
CALL UTPLA(XMIN, XMAX,YMIN,YMAX,5.,5., 12HCYCLE NUMBER, 2,
*15HFLUCT VEL M/SEC, 2)
YM, SYS=0.0
STINDEX -0.0
pa 700 I=1,NCYC
v(I) =6.*SQRT(VMS(I,J))*«vM{J)/BV(J)
YM=YM+Y(I)
SyS =SYS+Y(I)*Y(I)
700 CONTINUE

74,



750

800

Q00

950

YM=YM/FLOAT (NCYC)
DO 750 I=1,NCYC
TE%I)=Y(I}-YM
IF(I.EQ.1) GO TO 750

T =TE(I)/TESI-1) .
IF(T.LT.0.0) STINDEX =STINDEX+1.
CONTINUE

YY =YM*YM*FLOAT(NCYC)

VAR =(SYS-YY)/FLOAT(NCYC=-1)
SD=SQRT(VAR )

SDM =SD/YM

WRITE(2,777) NCYC

WRITE(2, 333 ANGLE(Jz YM, VAR, SD, SDM, ST TNDEX

J
WRITE(2,444) (x(1),¥(I),I=1,NCYC)
CALL UTP4B(X,Y,NCYC,2)
CONTINUE
' YMAX=0.0001

DO 1000 J=1,NANG
WRITE(2,1010) (TITLE(IW,J),IW=1,10)

CALL UTPA4A(XMIN,XMAX,YMIN,YMAX,S5.,5.,12HCYCLE NUMBER, 2,
*22HMICRO EDDY DIFUSSIVITY,3)

YM, SYS=0.0 ;

STINDEX =0.0 -
DO 900 I=1,NCYC
Y(I)=SQrT(VMS(I,J)/MICRO(I,T))*3./( (10, *x4)xBV(J))
SYS =SYS+Y(I)»Y(I) ,

YM=YM+Y(I)

CONTINUE

YM=YM/FLOAT(NCYC)

DO 950 I=1,NCYC

TE(I)ﬁY(Ig-YM .
IF(I.EQ.1) GO TQ 950 "

T =Te(I)/TE(1-1)

IF(T.LT.0.0) STINDEX =STINDEX+1.

CONTINUE 't

YY =YM*YM*FLOAT(NCYC)

VAR =(SYS-YY)/FLOAT(NCYC-1)

SD=SQRT(VAR)

SDM =SD/YM
CALL UTP4B(X,Y,NCYC,2) ’
WRITE\2,88 ; NCYC

. WRITE(2,333) ANGLE(J),YM, VAR, SD,SDM, ST INDEX
WRITE(2,444) (X(T),¥(I),I=1,NCYC)

1000

CONTINUE
DO 1400 J=1,NANG
WRITE(2,1010) (TITLE(IW,J),IW=1,10)
STINDEX, STINDEX1=0.0
YM, SYS=0.0
YM1,SYS1=0.0
DO 1100 I -1,NCYC
U =6.*SQRT(VMS(I,J))«vM(J)/BV(J)
Y(I)=VM§J)*P-‘IACRD I,J)*1000.
Y1(I)=Y Iz*U/T10**3)
SYS=5YS+Y(I)*Y(I)

75
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SYS1 =5vS1+Y1(1)*v1(1)
YM =YM+Y ()
YM1=VM1+Y1(T)
1100 CONTINUR
YM=VYM/FLOAT(NCYC)
YM1 sYM1/FLOAT (NCYC)
) 1150 I-1,NCYC

TE(I)=Y(I;—YM
IF(T.EQ. 1

GO

T 1150

T-TE(I)/TE(I=1)
IF(2.LT.0.0) STINDEX =STINDEX +1.

1150 CAONTINUE

D3 1350
TE%I)=Y1 T)-YM1
IT.EQ.1) GO TO 1350

1K

=1, NCYC

T=TE(I)/TE(I~1)
TF(T.LT.0.0) STINDEX1=STINDEX1!+1.

1350 CONTINUE
YY =YM*YM*FLOAT (NCYC)

VAR =(SYS=-YY)
SD=SQRT(VAR)

SDM=SD/YM
YY =YM1*YM1*FLOAT(NCYC)

VAR1 =

(SYS1-YY

SD1 =SQRT (VAR
<DM1 =SD1/YM1
YMIN-0.0
YMAX=1,

WRITE
IR ITE
WRITLE

2,333

2,8875
2,44

CALL UTPLA (X
*1 5HMACRO-SCALE (MM),2)

CALL UTP4B(X,Y,NCYC,2)

YMAX=0. 0004

WRITE
WRITE
WRITX

2,3332

;2,889)
2,440

/FLOAT(NCYC~1)

3/FLOAT(NCYC-1)

NCYC |
ANGLE(J ), V1, VAR, SD, SDM, ST TNDEX
(¥(T),Y (I),I=1,HCYC) o

T, KMAX, YMIN, YMAX, 5., 5., 12HCYCLE NUMBER, 2,

&
-

NCYC
ANGT.E(J), YM1,VAR1, SD1, SDM1, ST INDEY!

(x(1T),Y1(T), I=1,NCYC)

CALL UTPA4A(XMIN,XMAX, YMIN,YMAX,S5.,5., 12HCYCLE NUMBER, 2,
¥9 3HEDDY DITUSSTVITY,2)
CALL UTP4B(X,Y1,NCYC,2)

D0 CONTINUL

111 FORMATE1OI3)

. 22 FORVAT
133 FORMAT(2X, 'CRANK ANGLE  ',F5.1

2
- e

\{-T}:" ‘!'1!'- »,

, 1 STANDA

10F0.0)

I'MEAN VALUE =',714,6, 'VARTANCE !,
RD DEVIATION =',E14.6/ 'COT?RTCIETT OF VARIATION -,

¥714,6, 'STATIOVARITY TNDEX =!',F4.0)
ny FORMAT§6(?X,E14-5))

35 FORMAT
225 FORMAT

%/ )

2, 'TURBULENCE INTZENSITIES FOR A NUM3ER OF CYCLES NCO=!,TI4)
2%, '1iICRN-SCALT JF TUNSULINGE FOR A NUMDTR OF CYCLES NC=!',T

=77 FCRMAT(2X, 'FLUCTUATING VEL. COMOUTEN® 33 A NUCLER OF CYCLES NC=!',T

E-}_l_)



290 FPORMAT(20A1)
337 F?RMAT 2X, '"MACRO-SCALE OF TURBULENCE FOR
* 1
1010 FORMAT(10A8)
CALL UTPCL
STOP
TND

PINISH

17,

527 FORMAT(2X; 'MACRD EDDY DIFFUSIVITY FOR A NUMBER OF CYCLES NC-!, Il
002 FORMAT(2X, 'MICRO EDDY DIFFUSIVITY FOR A NUMBER OF CYCLES NC=!, Il

A NUMBER OF CYCLES NC=!,T

_,-,..'—'l



APPENDIX B8

PIPE FIOW CORREILATION
Program

The main objectives of this program could be divided

into two items:

1., Establishment of the beét relationshfp between
the ratio of Eulerian/Lagrangian séales and other
fluid properties such as fluctuating velocity
componegts or the turbulence Reynolds numbers,

Rq 2\ and ReL'
2. Estimation of the coefficient of correlation between
the measured values of eddy diffusivities and the

predictions from pipe flow empiricad relations.

The main operation in the program consists, therefore, of
iteration procedures to establish the best values in an assumed

model of relations as given by:

Ly ] Ey
X

L, 2

I~ = & *+ b, Rel (B26)
X

L £3

——— — '

L, = a8, + b3 u (B27)

The values of the constants a, and b, "are calculated
B
by a least square errors regression between ( iL/Lx) and Reblr

Re or u' v,

8.



INPUT DATA

CASE(I)
ERE
DERE

EU

DEU

U(I)

RE(I)

EDI(I)

EDM(I)

OUTPUT DATA

E

X(I)

79,

Number of correlation models investigated.
Number of experimental points used for
establishing the correlation.

Maximum number of iteration loops in the progran,
Description of the particular.model equation.
Initial value of Reynolds number exponent.
Increment in Reynolds number exponent.

Iniiial value of fluctuating velocity “component
exponent,

Increment in fluctuating velocity component
exponent.

Values of the fluctuating v?igg}ty components
for different experimental points,

Values of the turbulence Reynolds number.ReLror‘Re o

Eddy diffusivities based on Eulerian scales.

El = u - 1y ’ ' : (BZB)
gL o= u’'. Lx (1329)

Values of eddy diffusivities obtained from pipe

flow data at comparable fluid conditions.

Exponent of the Reynolds number of fluctuating
velocity component.

Constants in equations (®25) -~ (B27).

E
Values of Re (I) or UE(I)-



OUTPUT DATA (continued)

Y(I) . Values of ED1(I)/EDM(I).
YC(I) Values of (corrected eddy diffusivity/EDM(I) ),

corrected eddy diffusivity = :!?.Dl...-f./Lx .

R Coefficient of correlation between ...[',/L.x and

R E or 'L/Lx and UE

e

ER Square root of the summation of errors between

Y(I) and YC(1).

-_#v.

80.

(B30)
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JOB N270,H, N31505
LUFJRTRAN
AUN

DICUMSNT SIURCH
LIBRA?Y(“D SUBGRDUPIAuF)
LIBRARY (ED SUBGRIUPUSUL )
PROGRAM(N270)

COMPACT
INPUT 1 =CR
QUTPUT 2 =LPO

TRACE 2

END

MASTER PIPE FLOW CORRELATION
C TREEEEXRRXEEN AR XXX X%

DIMENSION ED1EEOO) ,EDM(200), U(200),RE(200), cASE(10)
COMMON /B1/ %(200),Y¥(200), Y2(200),A,B, N
READ(1,111)NC

DD 400 L=1,NC

READ{1,666) (CASE(T),T-1,9)

READ(1,111) N,NE -
READ( 1,222 LRE DERE, EU, DEU ‘

DO 300 K

READ(1,222 %) ,T= 1 N)
=1,
IF(X.EQ.1) E=ERE

READ\ 1,222 { N)
READ( 1,222 I? I
READ(1, 222 Dw
IF(X.EQ.1) DE=DERE R
IF(K.EQ.2) E=EU
IF(K.EGS. 2)DE=DEU
DO 200 J=1,NE .
IF(E.EQ.0.0) GO TO 150
DJ 100 I=1,N
v(1)=5Dv(1)/ED1 (1)
IF K.EQ.13 21;“?E(I)**E
IF(K.EQ.2) X(I)=U(I)#*E ,
100 CONTINUE
CALL  LZAST SQUARES
WRITE(2,666) (CASE(II),II=1,9)

ﬂll"

IF(K.EQ.1; JRITE{E ,333) A,B.E
IF(X.EQ.2) VRITE(2,444) A,3,E
YCo(I),I=1,N)

WRITE(2,555) (X(I),Y(I),

150 CONTINUE |
E<E-DE

200 CONTINUE

300 CONTINUX

400 094 Int

111 FJRW’”§D T3)

222 FORMAT(12F0.0) .
333 FORVAT (2X, ' CORRELATION BASFD NI REYNOLNS NUMIE:R!/

*5X, X:I’E‘l L),' +',l*_,14 O,'RH"*' ¥5. 3)
444 FORMAT(2X, 'CORRELATION BASED ON THE FLUCTUATING VELOCITY (U)'/
*5X, 'X=", E1k. 6 ! +',E14.6,'U */1,F5,3)




r ik
25
~ -
55

>
O

[RR

100

FORMATEG(QX E14.6))
TORMAT {1045 )

STOP

END

SUBROUTINE  LEAST SQUARES
LIDUR, IR T TR AT AR 2
COMMON /B1/ X(200),Y(200),YC(200),A,B,N
SX, SX2,SY, 3XY =0.0
DO 1 I=1,N
SX = SX + X(Iz
SX2=-= SX2 + X(I)#X(I)
SY = SY +V(I)
CONTINUE
D = SX2*FLOAT(N)-(SX*SX)

i i

A = ESY*SK2-SX*SXY)/D |
B = (FLOAT(N)*SXY-SX*SY)/D
ERS = 0.0

pg 2 I=1,N

YC(I) = A +B*XEI) * - -
ERS = ERS + ABS(YC(I)-Y(I))er2.

CONTINUE

ER = SQRT (ERS)

WRITE(2,111) ER

CALL COEFF 0OFf CORR

FORMAT (2X, 'LEAST SQUARE ERROR =',%20,6)

RETURN
ZND

-#"

SUBROUTINE  COEFF OF CORR .

| LR R R AR R
COMMON /B1/ X(200),Y(200),vc(200),A1,B1,N
SX, SY, SX2, SY2, SXY =0.0
DO 100 I-1,N

g = 8X + X‘I; ,
SY = SY + Y(I
- 8X2 = SX2 + XEI *xgx
sy2 = sy2 + Y(I)*Y(I
SXY -+ SXY + X(I)xY!(Z
CONTINUE
CAX = SX2-{SX*SX/FLOAT(H
CYY = SY2-ESY*SY/FLOAT N
CXY = SXY-{(Z3X*SY/FLOAT(N
B = CXX*CVV

111

R = CXY/SGRT(B)

WRITE(2,111) CXX,CVY,CXY,B,R

PORMAT (2X,' /ALUES OF CXX,CYY,CXY,3,R ARE :',5(2X,E14.6))
RETURN

=D

FINISH
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APPENDIX B9

EDDY DIFFUSIVITY
Program

This program is concerned with comparing the
variations in eddy diffusivities with different oxpressions
proposed for the friction factor in pipe flow and flow over

flat plates. These expressions are given by the following

relations:
0.139
f = 0.02296/R3D
Flat plate
0.148257 Data -
| 0.2 (B31)
Pipe Flow
0.32 Data
and f = 0.0014 +-(0.125/R3D )
where Re = U.DA

The definition of different terms are given in Chapter 7. The

eddy diffusivities were calculated from’ the Spalding expression

given by
2 3
C C C |
E, = 0.0407 (e’ -1-C 5 = ) (B32)
where C = 0.407 U+ (B33)

The input data for this program is some values of gas
velocities between 0.5 and 5 m/sec and the kinematic viscosity of
gas at TDC, while the output results consist of sets of graphs

showing the relations between the following variables:




1. Eddy diffusivity versus non-dimensional

velocity ut,

2, Eddy diffusivity versus friction factor.

3. Eddy diffusivity versus Reynolds number.

4. TFriction factor versus Reynolds number.

84.



JO5 N330,1H,NS1505

LUFCRTRAN

UM

CARDLIST

DOCUMENT SOURCE -
LIBRARY(ED, SUBGROUPNAGF )
LIBRARY EED,SUBGROUPUSUB;
LIBRARY (ED, SUBGROUPGRAF
PROGRAM({N380)
COMPACT
INPUT 1 - CRO
OUTPUT 2 = LPO

TRACLE O

END

MASTER  EDDY DIFFUSIVITY
C YL SR RRERRRK XN RN

REAL NEU(10)

895,

' CIMENSION RE(100),CF(100),UP(100),ED(100)

READ 1,222; N,N1,N2
READ;1,111 (NEU(I),I=1,N1)
READ(1,111) X,U |
CALL UTPOP

DO 300 J=1,N1

DO 250 K1=1,4

DO 200 K=1,k

WRITE 2,222§ N,N1,N2,J,K,K1
WRITEsz,u44 NEU(J),X

U-0.5

DO 100 I=1,N

RE(I)=X+U/NEU é

IF K.EQ.1§ CF
IF(K.EQ.2)CF(I)=0,0262/(RE(T
IF K.EQ.3; CFfIg=0.046/'RE T
I
) %

0,5)*%0,5)

I

*x0, 148557)
¥%x0,2)

J
T ;=0. 02296/(RE§I)**O. 139)
=0,0014+0, 125/(RE(I)**0,32)

T
ED(I)=0.040 *éEXch;-1.-c-(C*c)/2.~EC*C*c)/6;)*NEu(J)

100 CONTINUE
IF(K1.NE.1) GO TO 1190
XMIN=15000,

YMIN=0, 004
YMAX=0, 003

IF(K.EQ.1) CALL UTPMA(XMIN,XMAX,YMIN,YMAX,6.,6.,15HREYNGLDS NUMBE

*R,2, 15IFRICTION FACTOR,?2)
CALL UTP4B(RE,CF,N,2)

110 CONTINUE
IF(X1.11E.2) CO TO 120
XMIN-=15.
YMAX 24,

,CF(I),UP(I),ED

L)
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YMIN=0,00005
YMAX 0.0011
IF(K.EQ.1) CALL UTP4A(XMIN,XMAX,YMIN,YMAX, 0. ,0,,21U+,1,21HEDDY DIF
*PUSIVITY ( ),3)
CALL UTP B(UP ED,N,2)
120 CONTINUE
IF(K1.NE.3) CO TO 130
XMIN=0.004
XMAX 0.008
YMIN =0.00005
YMAX=0,0011
IF(X.EQ.1) CALL UTPA4A(XMIN,XMAX,YMIN,YMAX,6.,6.,15HFPRICTION FACTO
*R, 2, 21HEDDY DIFFUSIVITY ( J,3)
CALLrUTPMB(CF ED,N,2)
130 CONTINUE
IF(K1.NE. 4) GO TO 140
XMIN =1 5000, -
XMAX =160000.
YMIN=0,00005
YMAY. =0, 0011
IF (K. EQ.1) CALL UTPLUA( XMIN XMAX YMIN,YMAX,6.,6., 1SHREYNOLDS NUMBE
%R, 2, 21 HEDDY DIFFUSIVITY ), 3
CALL UTPUB(RE,ED,N,2) . .
140 CONTINUE ‘
200 CONTINUE
250 CONTLNUE
300 CONTINUE
111 FORMAT(6F0.0)
222 FORMAT(10I3)
333 FORMAT(5(2X,E14.6))

4l FORMAT (2X, 'CASE NO: NEU =! .E14.,6, 'CHARACTFRTSTIC LENGTH =',E14.6 )
CALL U”PCL -
STOP
END

FINISH .



APPENDIX B1lO

CORREIATION 11
Program

This program is concerned with comparing the measurod

turbulence characteristics inside the combustion chanmbers of

engines with predictions of the semi-empirical rolations
established from the experimental datﬁ of pipe flow. It also
serves the purpose of correcting the measured turbulence parameters
for the effect of finite wire length assuming exponential

correlation functions. Plotting facilities of these turbulence

parameters for different tests are also provided.

The theoretical analysis of the correlation with pipe

flow was discussed in Chapter 7 and it is sufficient heore to
discuss the INPUT/OUTPUT DATA manipulated by the-program,
Obviously the INPUT DATA are the results of the turbulence
analysis at different crank angles in the cycle as discussed

earlier in Appendix BS. These include the following data:

4

l. Variations of gas mean velocities with crank

angles.

2. Variations of fluctuating velocity components with

crank angles,
3. Variations of micro-scales with crank angles.
4. Variations of macro-scales with crank angles.

5. Values of dynamic and kinematic viscosities at

different crank angles in the cycle.

and 6. Cylinder diameter and hot wire length,

87,



The output results of the program could bo

summarised as follows:

'4) The varjation of corrected turbulence

ii)

iii)

iv)

intensities and fluctuating velocity

components with crank anglos,

The variation of the ratio u]/U* with crank

angles.

Values of turbulence Reynolds number RGL and

Rel. for different crank angles.

Values of micro- and macro-eddy diffusivities

as given by:

v, L |
Emicro = u’ ');) 1? Iy (B34)
and
= u' (L"l' ) L (535)
macro Lx ‘+ X

Predicted values of eddy diffusivities from pipe

/

flow data,.

Graph plots showing the variation of turbulence

characteristics with crank angle as well as general plots of

eddy diffusivities versus Reynolds numbers'ReLrandRGAE and the

friction factor are provided., Moreover a comparison between

measured and predicted eddy diffusivities is also provided.
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INPUT DATA

NS

A]_n AZD Bl? B2

LW

Lx

CASE(J,K)*

NANG(K)

ANGLE(J,K)

vM(J,K)

INTENSITY(J,K)

u(J,k)

MICRO(J,K)

MICROL(J,K)

MACRO(J,K)

NEU (J,K)

AX(I)

89,

Number of experiments considored.
Constants in equations of the ratio botween

Lagrangian and Eulerian scales LL/Lx and L._/'x’

“/L, = A} +B; Ro
Lo
L./ y) = A, +B, Rg . (B37)

Length‘of hot wire (m).

Engine cylinder diameter (m)
Deséription of test conditions: -
Number of crank angles considered in test number (K).
Values of crank angles considered in the test
number (K), 6 (degrees).

Values of mean velocities for test number (K),
(m/sec). )

Values of turbulence_intensities for test number
(K). (%).

Values of fluctuating velocity components for the
test number (K), (m/se;).

Values of time micro-scales for the test number (K),
(sec).

Values of spatial micro-scales for tho test

nunber (K), (mm).

Values of the spatial macro-scales of turbulenceo

for the test number ). (mm),

Values of the kinematic viscosity for the test

number (K).

A string of alphanumeric characters used for

identifying individual tests.

(B3G)



00,

* The index J defines the particular crank angle in the

test number (X).

OUTPUT DATA

‘UC(J;K) Values of the fluctuating velocity components
after correction for the effect of finite wire
length on measurements.

INTENSITY(J,K) _Corfected values of turbulence intené{}ies.

REO(J,K) Reynolds number based on gas mean velocity and

cylinder diameter.

) '
RE(J,K) Reynolds number of turbulence Rel =2 P_j_!
u' L.
RE1(J,K) Reynolds number of turbulence Rg, =
. weeeL N
REOL1(J,K) Reynolds number based on boundary layer thickness

4.
over a flat plate under similar flow conditions

in engine,

DELTA(J,K) Boundary layer thickness, (mm),

UR(J,K) Values of friction velocities (u*) (m/sec).

ur(J,K) Values of the non-dimensional velocity U+ = g-*

EPS(J,K) Rate of energy dissipation. .

RATIO(J,K) Ratio between fluctuating velocity components and
friction velocities = u'/u¥*.

ED(J,K) Eddy diffusivities based on micro-scales of

turbulence,.



OUTPUT DATA (continued)

ED1(J,K)

EDM(J,K)

CF (J,K)

Eddy diffusivities basod on macré-scales of

turbulence,
Eddy diffusivities calculated from Spalding's

expression for pipe flow, (B32).

Values of the friction factor,

-#-‘

01,
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JO3 N2560,N,NS1505

I,UFORTRAN

RUN

JO3CORE 30000
CARDLIST
DOCUMENT SOURCE

QOO

*REO1? (12, 20)
swv(12),xx(12),vv(12), NANG(20), AX

LIBRARY (ED, SUBGROUPNAGF
LIBRARY ED SUBGROUPUSUR
LIBRARY ?UBGRDUPGRAP
PROGRAM( N2oO

COMPACT

INPUT 1 = CRO
QUTPUT 2 = LPO
TRACE O

END -

MASTER CORRELATION IT

Ko % 3 W K W W N ¥ W

REAL MICRO(12,20),MICROL(12,20), INTENSITY(12,20),NEU(12,20)
REAL MEU(12,20),MACRO(12,20), INT(12,20),LX , : :

DIMENSION EDE12 20% cr(le ,20),Ur(12,20), CASE 20)

DIMENSION UP(12,20),ED1(12,20), EDM?12 20 RE1 12 20 )

DIMENSION ANGLE(12 20),u(12,20),vM(12.20) . UR(12; 2 REO( ,20),
DELTA (12, 23) AT 12, ,20),Eps{12 203 RE(12 20),%(20),

20),uc(12,12

ANGLE = CRANK ANGLE DEGREES.

VM = GAS MEAN VELOCITY.

MICRO= MICRO SCALE OF TURBULENCEQ R

MACRO  MACRO SCALE OF TURBULENCE.

NEU = KINEMATIC VISCOSITY.

A,B¥E ARE THE CONSTANTS AND EXPONENT VALUES FOR THE RATIO BETWEEN
THE LAGRANGIAN AND EULERIAN SCALES OF TURBULENCE.

U =MEASURED FLUCTUATING VELOCITY COMPONENTS.

UC= = CORRECTED FLUCTUATING VELOCITY COMPONENTS FOR THE EFFECT
'OF WIRE LENGTH ON TTRRULENCE MEASUREMENTS.

LX = CYLINDER DIAMETER. ,

LV : LENGTH OF WIRE (MM).

RE ~TURBULENT REYNOLDS NUMBER BASED ON MICRO-SCALE.
RE1 =TURBULENT REYNOLDS NUMBER BASED ON MACRO-SCALE.
REO = REYNOLDS NUMBER BASED ON MEAN VELOCITY AND CYLINDER DIAMETE

EPS = RATE OF ENERGY DISSIPATION BY SMALL SCALE EDDIESY
ED = MICRO-EDDY DIFFUSIVITY.

ED1 = MACRO-EDDY DIFFUSIVITY.

EDM = SPALDING EXPRESSION FOR EDDY DIFFUSIVITY.
READ(1,333) (AX(I),I=1,20)

READ(1,111)NS

READ(1,222) A1,A2,B1,B2,E1,E2,LX ,LW

DO 1000 K=1,NS
READ (1,9000) (CASE(J,K),J=1,9)
READ{1,111) NANG(X |
READ\ 1, 2223 (ANuLE J,K),J=1,NANG(K) )

READ(1,222) (VM(J,K),J =1, NANG(X) )

READ(1,222) INTEWSITY(J K),J=1,NANG(X))

READ£1 ,220) % (3,X), =1, NANG(K) )
READ(1,222) (MIcRa(J,k)’ = 1,NANGfK))

READ(1, 222)(TICRDL(J,K) J =1, NANC(K) )



MACRO(J,K), =1, NANG(K) )

READ(1,222)
NEU(J,K),J =1,NANG (X))

READE1,222)
CONTINUR

é

DO 500 K=1,NS
DO 400 J +1,NANG(X)

EPS(J,K) =15.%(10,*%86)*MEU(J,K)*((U(J,K)/MICROL(J,K))**2)
SCALE=MACRO(J,K)

CX=LW*2./SCALE

cx1=Cx/(SaRrT(2.*(1/ExP(CX)=1.+CX)))

uc(J,K)=CX1*U(J,K)

1000

WRITE(§,555) RA, SCALE, CX,CX1,U(J,K),Uc(J,K)
RE(J,K ﬁUC(J,K)*MICROLEJ,Kg/ NEU{J,K}% 10,**3;
RE1(J,K)=UC(J,K)*MACRO(J,K)/(NEU(J,K)* (10, **3

REO(J,K)=Lx*VM(J,K)/NEU J,Kz

DELTA(J,K) = 0.1285*LX/(REO(J,K)*%0, 148257)
REO1 (J,K)= VM(J,KJ*DELTAiJ,K /NEU(J,K)
INTENSITY (J,K)=INTENSITY(J,K)*Uc(J,K)/U(J,K)
RA1=A1+B1*£HE( JK)**E1)

RA2=A2+B2+# (RE1(J,K ) **E2)
ED(J,K)=MICROL(J,K)*UC J,K}/i10.**3;
ED1(J,K)=Uc(J,K)*MACRO(J,K)/(10,%*

cF(J,K)=0. 262/(RE0(J,K;**0.1A8257

UP J,K;=1/?(CF§J,K2*O.? *%0,5)

UR(J,K)=VM{J,XK)/UP\J,K

RATIDEJ,KB=UC(J,K)/UR(J,K)

C= UP(J,K)*0.407 |

epM(J,K) = 0.0L07*(EXP(C)-1.~C=(CxC)/2.-(CxCxC)/6. )+NEU(JT,K)
CONTINUE ,

*RAT
*RA2

400

(cas=(J,X),J=1,9)

WRITE(2,9000) f
K

-F"'

03.

WRITE§2,4HM) K, IC,NANG\K),NC,NS
WRITE(2,1001)
WRITE(2,555) (ANGLE(J,K),J=1,NANG(K))
WRITE(2, 1002) 4
WRITE(2,555) ( vM(J,K),JT=1,NANG(X) )
WRITE(2,1003)
WRITE\(2,555) (INTENSITY(J,K),J=1,NANG(K))
WRITE(2,1004)
wRITEz,SBSg (UiJ,K;,J=1,NANGfK;; ‘
WRITE(2,555 SUC J,K),J=1,NANG(K
- WRITE 2,100?
WRITE(2,555) (MICRO(J,K),J=1,NANG(K))
WRITE(2, 10056)
WRITE(2,555) (MICROL(J,K),J=1,NANG(K))
WRITE(2, 1007) -
WRITE 2,5552 (MACR2(J,K ), J=1,NANG(K) )
WRITE(2,1008)
WRITE(2,555) ( RE(J,K),JT=1,NANG(K

WRITE
WRITE
WRITZ
VRITE
WRITE
WRITE
WRIT=
WRITE
WRITE
WRITE

WRITE

(

(

WRITE(2,1014)
2,555) (EPS(J,K),J=1,NANG

;)

( RE0 (J,K),Jd=1,NANG(K))

2,555) (RE1(J,K),J=1,NANG(K)
2,1009)

2,555)
2,1010)

2,555)
2,1012)

2,555) (CELTA
2,101

2,555? {
2.555) (UP(

(REOY (J,K),JT=1,NANG(K))
(7,K),J=1,NANG(K))

UR(J,K),J = :NANG(K))
J,K), J =1 :NANG(K) )

(X))
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WRITE(2,1015

WRITE(2,555) (RATIO(J,X),J=1,NANG(K))
WRITE(2,1016 -
WRITE(2,555) (ED(J,K) J=1,NANG(K);
WRITE(2,555 ED1(J,K§,J=1,NANG X g
WRITE(2,555) (EDM(J,K),J=1,NANG(K)

WRITE(2,1017)
WRITE(2,555) (CF(J,K),J=1,NANG(X))
500 CONTINUE
2000 CONTINUE

* % %% %% ¥ ¥PLOTTING OF TURBULENCE CHARACTERISTIC PARAMETERSH * * % %
CALL UTPOP
SFX = 0.02
YMAX =2000.
SFY =,0025 . . |
CALL UTP4A(80.,380.,0.0,YMAX,6.,5.,11HCRANK ANGLE, 2, 19HRATE OF DIS
*STPATION, 3) |
DO 40 K=1,NS
D3 30 J=1,NANG(K;
xx(J) =ANGLE(J,K
vy (J) =EPS(J,K) |
X(J) = ANGLE(J,K)*SFX-1.,6 . -
v (J) =EPS(J,K)*SFY
CALL UTP3(AX(K),x(J),¥(J),2)
30 CONTINUE
CALL UTP4UB(¥X,YY,NANG(K),2)
40 CONTINUE
cALLUTP4A(80. ,380.,0.0,VMAX,6.,5.,11HCRANK ANGLE, 2, 20HTURBULENCE
* INTENSITY, 3)
SFY= 5. /VMAX
DO 60 K=1,NS
DO 50 J 1,NANG(K3
XKEJ =ANGLE(J,K

— [

YY(J) = INTENSITY(J,K) 1
ngg = ANGLE(J,K )*SFX=-1.6
Y{(J) = INTENSITY(J,K)*SFY

CALL UTP3(AX(K),x(J),Y(J),2)
50 CONTINUE
CALL UTP4B(¥X,YY,NANG(K),2) /
60 CONTINUE
~ cALLUTPL4A(8O. ,380.,0.0,6.0,6.0,6.,11HCRANK ANGLE, 2, 1 QHTURBULENT
*YVELOCITY, 3)
DO 80 K=1,NS
DO 70 J:1,NANG(K;
xxX(J) =ANGLE(J,K
vv(J) = U(J,K)
x(J) = ANGLE(J,K)*SFX~1.6
v(J) = U(J,K)
cALL UTP3(AX(K),X(J),v(J),2)
70 CONTINUE
CALL UTP4B(XX,YY,NANG(K),2)
80 CONTINUE
CALL UTP4A(80,,380.,0.0,4.,6.,5.,11HCRANK ANGLE, 2, 24HMICROSCALE OF
*+ TURBULENCE, 3)
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SFY =1.25
DO100 K=1,NS
DO 90 Jf1,NANG(K;
XX(J) =ANGLE(J,K
YY(J) = MICRO(J,K)
X{JS =ANGLE?J,K;*SFX-1.6
Y{J) = MICRO(J,K)*SFY
CALL UTP3(AX(K$,X(J),Y(J),2)
90 CONTINUE
CALL UTP4UB(XX,YY,NANG(K),2)
100 CONTINUE
CALLUTP4A(80.,380. ,0.0,VMAX,6.,5.,11HCRA.IX ANJLE, 2, 20HMEAN VELOCT
*y (M/SEC), 3)
SFY = 5, /VMAX
DO 120 K=1,NS
DO 110 J =1,NANG(K)
xX(J) =ANGLE(J,K)
YY(J) = VM(J,K)
X Jg = ANGLE(J,K)*SFX=1.6
Y(J) = VWM(J,K)*SFY
CALL UTP3(AX(K),X(J),Y(J),2)
110 CONTINUE )
CALL UTP4B(XX,YY,NANG(X),2)
120 CONTINUE ~ | |
CALLUTP4A(80, ,380.,0.,3.,6.,6.,11HCRANK ANGLE, 2, 19HSCALE OF TURBU
*L,ENCE, 3) |
SFY =2,
DO 140 X-1,NS
DO 130 J =1,NANG(K)
xX{(J) =ANGLE(J,K)
YY(J) = MICROL(J,K)
X{J% = ANGLE(J,K)*SFX~1.6 -
Y(J =rMICHOL(J,K8*SFY
CALL UTP3(AX(K),X(J),Y(J),2)
130 CONTINUE |
CALL UTPUB(¥X,YY,NANG(K),2) J
140 CONTINUE
200 CONTINUE

C T CORRELATION  PLOTS WX RN KX X
VMAX =50,
. XMIN=400,
XMAX =U4000.
YMAX=8.
YMIN =0.0
CFY n5./(YMAX-YMIN3
CFX =5./(XVAX=-XMIN |
CALL UTP4A (XMIN, XMAX,YMIN,YMAX,5.,5.,21HREYNOLDS NUMBER (RE ),3,23
*HFLUCT. VEL/FRICTION VEL,3)
D3 3000 K-=1,NS
DO 3000 J=1,NANG(K)
IF(ANGLE(J,K).LT.250) CO TO 3000
7 =CFY* (RED1(J,K)~XMIN)
H = CFY*(RATIC(J,K) YMIN)
CALL UTP3(AX(K),Z,H,2)
3000 CONTINUE
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XMAX =120000
XMIN =1000
YMIN =0,0
CFY =SH/EYMAX-YMINg
CFX =5.,/{XMAY~XMIN
CALL UTPHA(XMIN, XMAX, YMIN, YMAX,S5.,5.,21HREYNOLDS NUMBER (REX), 3,23
*HFLUCT. VEL/FRICTION VEL,3)
DO 3100 K=1,NS
D3 3100 J=1,NANG(K)
IF(ANGLE(J,K).LT.250) GO TO 3100
Z=CFX* (REO(J,K)~-XMIN)
H = CFY*(RATIO(J,K)-YMIN)
CALL UTP3(AX(X),Z,H,2)
3100 CONTINUE
AMAX=120000
YMIN -0, O
XMIN =1000
YMAX =40,
CFY =5./£YMAX-YMIN)
CFX =5./{XIMAX~XMIN) |
CALL UTPAA(XMIN, XMAX, YMIN, YMAX, 5., 5. ,21HREYNOLDS NUMBER (REX),3,20
*HTURBULENCE INTENSITY,3)
DO 3200 K=1,NS
DO 3200 J=1,NANG(K) . -
IF(ANGLE(J,K).LT.250) GO TO 3200
7,=CFX* (REO(J, K)-XMIN)
H :CFY*(INTENSITY(J,K}-YMIN)
CALL UTP3(AX(X),Z,H,2
CONTINUE
XMIN=L400,
XMAX =U4000. -
YMAX =40, .
CFY =5./{YMAX-YMIN§ A
CFX =5,/ ( XMAX~-XMIN
CALL UTPUA(XMIN, XMAX, YMIN, YNAX, 5. ,5. , 21HREYNOLDS NUMBER (RE ), 3,20
*]ITURBULENCE INTENSITY,3) t
DO 3300 K=1,NS
DJ 3300 J=1,NANG(K) -
IF(ANGLE(J,K?.LT.zso) GO TO 3300
7 =CFX* EREEH J,K)=-XMIN)
H =CRY*(INTENSITY(J,K)-YMIN)
| cALLUTP3(Ax(K),z,H,25
3300 CONTINUL
XMAX=120000
YMIN =1000
YIMAX =0, 0004
YMIN =0.0
CFX =5./§ xmx-xmm;
CFY +5./(YMAX-YMIN
CALL UTP4A (¥MIN, ¥MAX,YMIN,YMAX,S.,5.,21HREYNOLDS NUMBER (RE ),3,15
*HMICRO~ED., DIFF.,2)
DD 3400 X=1,NS
DO 3400 J -1,NANG(K)
IF( ANCLE(J,K).LT.250) GO TO 3400
z=CFX%éBEUZJ,K)-KMIN)
H=CFY* (ED(J,K)-YMIN)

W
O
S



3500
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CALL UTP3(AX(K),Z,H,2)

CONTINUE

XMIN =400.

XMAX=4000.

YMIN =0.0

CFY =5./EYMAX-YMIN§

CFX =5./(XMAX~XMIN

CALL UTPAHA (XMIN,XMAX,YMIN,YMAX,S5.,5.,21HREYNOLDS NUMBER (RE ),3,15

*UMICRO~-ED. DIFF.,2) _

DO 3500 K=1,NS
DD 3500 J=1,NANG(K)
IF (ANGLE(J,K).LT.250) GO TO 3500
7 =CFX*(REO1(J,K)-XMIN)
H=CFY*(ED§J,K)-YMIN)
CALL UTP3(AX(K),Z,H,2)
CONTINUE
MAX =0, 002
YMIN =0.0
XMAX=120000
XMIN =1000
CFX =5./(XMAX-XMIN;
CFY =5./(YMAX-YMIN
CALL UTP4A (XMIN,XMAX,YMIN,YMAX,5.,5.,21HREYNOLDS NUMBER (RE ),3,15

*HMACRO~ED. DIFF.,2) =

DO 3800 K=1,NS
DO 3800 J=1,NANG(K)
IF(ANGLE(J,K).LT.250) GO TO 3800
7 =CFX* EREO {J, K ; ~XMIN g
H=CFY*(ED1(J,K )=-YMIN

2

cALL utp3(Ax(X),Z,H,2)

3800 CONTINUE

L)

e

XMIN=400.

XMAX=4000., -

CFX =5./(XMAX~-XMIN)

CALL UTP4A(XMIN,XMAX,YMIN,YMAX,5.,5.,21HREYNOLDS NUMBER (RE ),3,15

*HMACRO~ED., DIFF.,2) t

DO 3900 K=1,NS

DO 3900 J=1,NANG(K)

IF(ANGLE(J,KE.LT.250) cO TO 3900

7 =CFX*(REO1(J,K)-XMIN) ;
H=CFY* (ED1 (J, K} ~YMIN ) ,

CALL UTP3(AX(X),Z,H,2)

CONTINUE

XMAX=0. 007

XMIN=0. 004

YMIN =0.0

YMAX -0, 002

CFY’=5./(YNAX-YMIN§

CFX =5./(XMAX-XMIN

CALL UTPA4A (3IMIN, XMAX, YMIN, YMAX,5.,5., 1THCOEFF OF FRICTION,3,15HMAC

*RO~ED. DIFF.,2)

DO 4100 K=1,NS

DI 4100 J=1,NANG(K)

IF (ANGLE(J,K).LT.250) GC TO 4100
7 =CFX*(CFEJ,K)—XMIN§
H=CFY*(ED1(J,K)-YMIN

CALL UTP3(AX(X),Z,H,2)

1100 CONTINUXL



3600

~ YMAX=0,002 :
CFY =5./(YMAX~YMIN) ,
CALL UTPLA(XMIN,XMAX,YMIN,YMAX,5.,5.,17HSPALDI
*RO-ED, DIFF,,2)

elele

111
c22
220
333
NIV
555
1001
1002
1003
1004
1005
1006
1007
1 003
1009
1010
1012
10173
1014
1015
1015
1017
9000

YMAX=0, 0004 |
CFY =5./(YMAX~YMIN) ' |
CALL UTP4A(XMIN, XMAX, YMIN, YMAX,5.,5., 17THCOEFF OF FRICTION, 3, 1SHMIC

*RO-ED. DIFF,,2)

D0 3600 K=1,NS

DO 3600 J=1,NANG(K)

IF (ANGLE(J,K).LT.250) GO TO 3600
7 =CFX*(CF(J,K)~-XMIN)
H=CFY*(ED(J,K)-YMIN)

CALL UTP3(AX(X),Z,H,2)

CONTINUE
XMIN, YMIN=0.0

XMAX=0,

001

CFX =5./(XMAX-XMIN)

CALL UTPLA(XMIN, XMAX,YMIN,YMAX,5.,5
*RO~ED., DIFF,,2)

D3 3700 K=1,NS

DO 3700 J=1,NANG(K)

7 =CFX*(EDM(J,K)~-XMIN)
H=CFY*( Ené

CALL UTP3
3700 CONTINUE

J,K)-YMIN)
AX(X),Z,H,2)

D3 4000 K=1,NS

DO 4000 J=1,NANG(K)
IF(ANGLE(J,X).LT.250) GO TO 4000
7 =CFX*(EDM(J,K)-XMIN)
H=CFY*(ED1(J,K)-YMIN)

CALL UTP3(AX(K),Z,H,2)

CONTINUE

CALL

FORMAT
FORMAT
FORMAT
FORMAT
FORMATD
FORMAT

FORMAT

FORMAT
FORMAT
FORNMAT
FORMAT

UTPCL

FORMAT(10I3)
FORMAT( 12F0.0)

6F0.0)
20A1 )
2X,10I3)

2X,
X,
X,
OX,
oY,
oY,
X,
™

FORMAT
FORMAT
FORMAT
FORMAT
FORMAT
FORMAT
FORMAT
FORMAT
FORMAT

STOP

END
FINISH

J
2X,
X,
oYX,
X,
oX,
2X,
X,
¥,

2X,9E12, 4) ,

'CRANK ANGLES ')

'MEAN VELOCITY:')

'TURBULENCE INTENSITY 7% .')
'FLUCTUATING VELOCITY COMPONENT U:!')
'TIME MICRO-SCALE

'MICRO~SCALE gmm : !
'MACRO-SCALE MM; s !
'REYNOLDS NUMBER : !
'REYNOLDS NUMBER o !
'REYNOLDS NUMBER g | :'3
'BOUNDARY LAYZR THICKNESS (CM) :')
'FRICTION VELOCITY (UR): ')

'RATE OF ENERGY DISSIPATION ')
'FLUCTUATING VEL./FPRICTION VEL, :')
'EDDY DIFFUSIVITY :')

'COEFFICIENT OF FRICTION :')

2¥, 9A3)

98.

. s 1THSPALDING ED. DIFF,3,15HMIC

NG ED. DIFF,3,15HMAC
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APPENDIX Bll

ISOTROPIC PORT AREA
Program

This program is concerned with calculating the variation
of isotropic port area'yith valve 1lift. It enables a comparison
between the effect of different valve shapes on restricting the
port area of the combustion chamber., The isotropic area is

calculated by the following equation:

ek
'I'An'* =[ FE'-.I ’ (B38)
The input data for this program consists of the variation of
pressure drop across the port with the rate of mass flow across
the port., The latter variable is calculated from the measured
pressure drop across a metering orifice in“:l:he*;i;wing rig
circuit and the calibration of this ori'fice.
INPUT DATA
/
NC Number of experiments.
N Number of experimental data points at each valve
1ift.
PVALVE Pressure drop across the port (inches H20).
PRIG Pressure drop across the blowing rig metering
orifice (inches H20).
LIFT Valve l1lift.

TITLE(I) Description of experimental conditions.



OUTPUT DATA

AMEAN

DM(I)

A(I)

Mean value of isotropic port area at a

particular valve 1ift.

Rate of mass flow for difforent exporimental
points at each valve 1lift.

Isotropic port area for different experimental

points at each valve lift,

100.
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J73 N300,N,HS1505

LWORTRAN

0N

DOACUMENT SOURCE
PRAOGRAM(N300)
CIMPACT
INPUT 1-=CRO
DUTPUT 2 - T;PO
TRACE 2
END

MASTER ISOTROPIC PORT AREA
R R L K XX R E XL R B L E X RS L

THIS PROGRAM CALCULATES THE ISOTROPIC PORT AREA IN (MDw#2)
THE CORRESPONDING VALUES FOR EACH EXPERIMENTAL POINT IS CALCULATED
AND PRINTED QUT, AS WELL AS, THE MEAN VALUE FOR THE NUMBER OQF
EXPERIMENTAL POINTS CIONSIDERED.

PVALVE = THE PRESSURE DROP ACRISS THE INLET PORT.

PRIG = THE PRESSURE DRJP ACRISS THE ORIFICE OF THE BLOWING RIQ.
REAL LIFT |

DIMENSION Q(20),Q1 Seo),n(zo) PRIG(20) PVALVE(20),P1(20),12(20),
*va(eo),nm(ao),n(eo ,TITLE(10), cOMP(20) ~

ﬁ;] =1 * "2‘35 1“

E2 =1 -71“2‘ 57

CT=0,000472

READ(1,111) NC

READ( 1,222 E {I;,I n,16;

READ(1,222) (H(I),I=1,16

3 500 JC-=1,NC

READ(1,555) (TITLE(I),I=1,5) L e

READ(1,222) LIF?

READ(1,1°1) 1

READ 1,222\'§PVALvESI),I=1 N)

READ(1,2229 (PRIG(I},I=1,)
DJ 100 I=1,H
PRIG(I)=PRIG(T)*2.54
PVALVE(I)=PVALVE(I)=*2.54
P1 I§=98.*PRIG(I )

I

AQAOQAQQCO

P2(1)=93, +PVALVE
V2(I)=SRT(r2(I)*2.44)
R=1-(P2(1)/101300.)
COP(I)=SQRT(((B+*E1)=(R+#72))*3.5/(1-R))
v (I)=2(T)+COrP(T)
‘00 CONTINUZ

AMEAI =0.0

DO 400 J=1,N

DD 300 I=",16

DP=PR§G(J)SgéI%OO

IF(-2)150, 200,
150 Q1 (J)=0(Z=1)+(PRIG(I)-H(I-1))*((T)=Q(I=1)). (H(1)~(I=1))

cO T 250
200 Q1 Esz--Q,{I)
250 MM(J)="1(J)*CT

AMI)=1(T)/ve(J)

AMEAN =AMEAN +A(J)

GO T 400
300 CONTINUE
400 CONTINUE

AMEAN =AMEAN/M
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WRITE£2 ,333 3£TTTLE( L),L , LIFPT, AMEAN

w§ITE 2,804 ) (DM(T),A(I ) PHIG(I) PVALVE(I),P1(I) P2(I),COMP(I),I=1,
*N

500 CONTINUE

111 FORMAT(5I3)

022 FORMAT(10F0.0)

333 Fg§MAT 2X,5A8, /' VALVE LIFT=!,F8.4, 'MM!, 'MEAN ISOTRDPIC AREA =!',E20
&

Lyl FDRPMT§7(1X,E13.4))

555 FORMAT(5A8)
STQOP
END
FINISH
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APPENDIX D12

MODEL OF CYCLIC VARIATION
Program

This program 18 concerned with verifying theo
assumptions used in developing the theoretical model of cyclic
variation as discussed in Chapter 8. The program compares the
theoretical predictions of the model for cyclic vafiations in
the burning times with their measured values. The former values
are calculated using measured gas velocities and their cyclic
variations, while the experimental values of burning tirnies and
their variations were represented by values of the angle of

occurrence of maximum cylinder pressure for Barton's data (10)

and with burning times for Winsor's data (23).

The output results of these analyses-consist of the
ratio between the predictions of the theoretical model and the
experimental values of burning times agh the standard variation
0of these ratios relative to their mean value, The input/output

data for this program could be summarised as follows:

INPUT DATA

U Gas velocity at the time of ignition,

S(U) Standard deviation of gas velocity.

THETA . Characteristic parameter representing the burning
time, e.g. angle of occurrence of maximum pressuro,

STHETA Standard deviation of the burning time or the

corresponding parameter used,
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INPUT DATA (continued)

AF

SL

RPM

OUTPUT DATA

SST

SSTT

™, YML

SDM, SDML

Air/fuel ratio.
Temperature,
Pressure,

Laminar flame speed.

Engine speed,

Y

Theoretical prediction of variations in burning

time assuming a constant value of the critical

flame kernel radius.

Theoretical prediction o{-vagg_gtions in burning time
assuming a critical radius of the flame kernel of
some multiple ratio of small scale eddies.

Ratio between theoretical and experimental values of
variations in burning time assuming a constant value -

!

of the critical radius and a radius of some multiple
ratio of small scale eddies respectively.

Mean values of RATIO and RATIO 1 over the total
number of experimental points respectively.,

Standard deviation in RATIO and RATIO 1 respectively.

Coefficient of variation of RATIO and RATIO 1

respectively.
SDM = SD/YM

. (B39)
SDM1 = SD1l/WM
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JOB N370,N,NS1505
HPFORTRAN N370,, ,EXT
DOCUMENT SOURCE

MASTER MODEL OF CYCLIC VARIATION
C We 3o N e o X N NN e I W N W W WM KWW
REAL NEU,MEU -
DIMENSION x81oo),X1(100),x2(1oo),y(100),vc(9)
READ(1,444) (ve(I),I=1,9)
A1= 0.01655649
A=0,65938047
D=0.0968375
DO 200 J=1,6
WRITE(2,666)
READ(1,111) NP
SY, SY1, SYS, SYS1=0.0
DO 100 I=1,NP
READ(1,222) U, SU,THETA, STHETA,AF,T,P ,RPM
U=U*0. 3048
SU =SU*0, 3048 ;
IF((J.E2.3).0R. (J.EQ.4))GO TO 10 | .
P=P%101300/14.7 -
10 CONTINUE
RHO=P*28.93/(8314.3*T)
TD"'_'T"'273r
MEU=VT(VC,0.00001717,0.0,T0,~139.5)
- NEU=MEU/RHO |
RE=U*D/NEU
. CF=0.046/(RE**0,2)
IF((J.EQ.2).0R. (J.EQ.4).0R. (J.EQ.6)) CF=CF/{{323./D)**0.1)
UP=1/SQRT (CF*0,5)
C -UP*0, 407 *
SUP=A*((D/NEU)**O.1Z/SU**O.O)*SU
EPS -NEU%0. 0407 * (EXP(C -1-0-(0*03/2.-(b*0*c)/6.)
CEPS=NEU*A1* (EXP(C)-1-UP-(UP*UP)/2
EDT=EPS+NEU
SEPS=DEPS*SUP
DEPSU=SEPS/SU ,
YH-EDT/DEPSU
. XH=YH-U
IFiJ.GT.2} READ(1,222) sSL
IF(J.GT.2) GO TO 20
HAF =16, 25-0.22% ( (AF=14.35)x%2, )
SL=(T**1.4)/(P**0.4) *HAF
20 CONTINUE '
SST=(NEU#*0,25)*(T#%0,66)*(AF**0.33)*SEPS/(4*SL* (EDT*%1,.25) )
SSTT=SST*XH
COEF=SST/SEPS
COEF1 -=SSTT/SEPS
SST1 =STHETA/ (6. *RPM) |
IF((J.EQ.3).0R. (J.EQ.4)) SST1=STHETA
RATIO =SST/SST1 |
RATIO1 =SSTT/SST1
WHITE§2,555§
WRITE(2,333)U,RE,UP,EPS, SST1, SST, SSTT, RATIO, RATIO1
WRITE(2,777
WRITE(2,333) U,YH,XH,COEF,COEF1,SEPS, DEPS, DEPSU



SY=SY+RATIO
SY1=SY1+3ATIO1
SYS=SYS+RATIO*RATIO
SYS1=SYS1+RATIO! *RATIN1
X(I)=SST
X1{I)=SsSTT
Y(I)=SST1
100 CONTINUE
N=NP
YM=SY/FLOAT (NP)
YM1 =SY1/FIOAT(NP)
YY =YM*YM*FLOAT (NP )
YY1 =YM1*YM1*FLOAT (NP )
VAR=(SYS~YY)/FLOAT (NP )
VAR1=(SY¥S1-YY1)/FLOAT(NP)
SD=SQRT(VAR)
SDM-=SD/YM
SD1 =SQRT (VAR1 )
SDM1 =SD1/YM1
HRITEE2,333;YM,SD,SDM
WRITE(2,333)YM1, SD1, SDM1
200 CONTINUE ,
111 FORMAT(10I3)
©22 FORMAT (10F0.0)

333 FORMAT(9(1X,E12.5))
4Ll FORMAT(3E20.12)

555 FORMAT(14,/,' VELOCITY RE NO. U+
* S(0~PMAX ) S(ST) S(ST+ ) RATIOC
666 FORMATEHOX,'MODEL OF CYCLIC VARIATIONS'/)
777 FORMAT(2X,' VELOCITY YH XH COEF
* DEPSU DEPSU" )
STOP .
END

FUNCTICN VT(CF,VO,TC,T7,TC)
DIMENSICN CF(9),X(2),F(2)
TH1==ETO+273 /'Tc+273;

TR2= (TT+273)/(TC+273

3513 1.33*TR]1
X(2 33 *TR2

P o

Vi= VOxF
RETURN
END
FINISH

COER?
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EDDY DIF
RATIO*!)

SEPS
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APPENDIX B1l3

Miscellaneous Programs used in the Data Acquisition System

B13-1 TEMPERATURE COEFFICIENT Program

This program is concerned with calculating the correct
value of the temperature coefficient of resistance ( ) for the wireo

material by a least square error linear regression,

The input data are the measured values of: wire resistance

at various temperaturés during the heating up and cooliny down processes,

L

the wire cold resistance and the lead resistance.

The output data are the calculated value of X as given

o = i(RH/RC) -1 ] / A'f“ (B40)

‘ . -"
Denoting [(RH/RC) - 1] as x and AT as ¥y the least square

line approximating the set of points (xl; yl)', (xz, y2), cossecee

/

(3N, yN) has the equation

Y = a5 +a, X (B41)

where a, and a, are given by the following relations

2
EDEX) - @@ (B42)
NZX = (LX)

Il

ao

and

N2ZXY - (£X)(EY)

(B43)
NE X2 - (£%)°

R
)
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The value of the temporature coefficient & 1is
given therefore by the calculated value of a, whilo A ocquals

zero for the straight line passing throughh tho origin.

The output results are usually obtained as a graph

Y

showing the experimental results and the calculated value of

A

-..—ﬂ.
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$L10, 1, HS1505

1LYV TVTORAL

. -1**
d{i_f ‘

DZEHT SOURCE

LIBRARY(ED, SUBGROUPUAQGR )
LIBRARY 2::0, SUGRIUPCRAF g

LLD”ARY PD, TRTUYPUSTTY

DI ws(n*no)

: 3 ﬁ“t i‘

IJ Y = CHO

ST 2 = LFPO

1‘ AG: 3,

1)

MASTER TEMPERATURE COEFRICIENT

SRS BERSIRPIESSEEBIRNRIELEESE

DIMENSION R(100),T(100),ALPHA(100)

co:or/B1/DT(100),Y(100),5L,4,D
CALL UTPOP

READ(1,222) IS

DY 200 K=V Ha

READ§1,2225
SEAD 1,1*12 RL,

ICADMYT, 1T ET I;,Iul,ﬁ)
STVUIREERRCIES IS PRI
m °00 J*ﬂ,(”-‘l)
IO "-J*’

~C e:RF*i)-RL

™ =T (1)

™ 100 T=1, n-J
ST(I) = 121 *. 55555
(1) =((R /Em" -2L)) 1,
ALPHA(T) = {‘r)/rfr I)

SALPHA & &iLPlb\mLPim(I)

100 CO?T?TNUE.‘

L o= il=d

CAI L LZAST 3SQUARE
SALPHA = SALPHA /(1<)
TC =(7C=32)+0.55555
WRITE
WRITE(2
WITTE(2, 444
“HTI:: '-‘0.0
TWAY. =0, 3
’C.ﬁﬁ = 300i

CALL UTPLA(XMIN, X0AX, YITIN, VIAX, 5., 5. 0, 1CHIT o (TH-TC

110 a1, 2)
TPY. = 5, /{‘{1 AN=XT! !?
Y w5,/ 'f?a\*-’l"“"
J 230 1P *l‘, o
XX 8FXs (DT(IP)=XMIN)

HeJ

“'332} { ’?2%?@{%3 Tel,
A Nd

\,Ipl

R

109,

), 2, 9 (n/
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YY = SFY%EY(IP)-YMIN)
CALL UTP3(1H«»,XX,YY,2)
250 CONTINUE
200 CONTINUE

| O

222 FORMAT(10I3) .

333 FORMAT(2X, 'RC =',F8,3,'0HMS TC=',F8.3,' OC MEAN VALUE OF ALPHA =

11 FORMAT§1OF0.0)
*',710.7, "A=',F10.7,'B= !,F10,7/

1 DT ALPHA DT ALPHA DT ALPIHA DT
*ALPHA DT ALPHA DT ALPHA!' /)
uLlh FORMATEQX,6(1X,F7.3,1x,F9.7))
555 FORMAT(5(1X,F7.3,1X,F7.6))
CALL UTPCL
STOP
END

SUBRQUTINE LEAST SQUARE"
W e K KK K W R KA X R ‘ -
COMMON /B1/ X(100),Y(100),N,A,B "
SX,SX2, SY, SY2, S¥Xy=0.0 |
DO 1 I=1,N
SX = SX+X(I)
SX2 =SX2+X(I)#*X(I)
SXY = SXY +X(I)*Y(I)
SY = SY +Y(I)
1 CONTINUE
D = SX2xFLOAT(N)-(SXx*SX) o m—
A = £SY*SX2-SX*SXY)/D |
B = (FLOAT(N)*SXY-SX*SY)/D
RETURN | .
END
FINISH
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Bl3-2 - CYLINDER-TO-CYLINDER VARIATION Program

L

This program is concerned with estimating the extent
of cylinder-to-cylinder variations in the turbulent field
characteristics, It consists of a sinplified version of the

general program (STATISTICAL ANALYSIS) discussed in Appendix B4.

The input data for this program are the variation of
turbulence characteristic parameters with crank angles for
different cylinders. . These data are usually obtained from the

output results of the TURBULENCE ANALYSIS I prdgram discussed

in Appendix BS.
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MASTER CYLINDER TO CYLINDER VARIATIONS

Ne K e O 36 N W P NP I e Yo 3 K NN NN eI NN NN K

COMMON /B1/X(12,10),CA(10),NANG, NC

READ§1,111 NC,NANG, NS

READ(1,222) G

READ(1,222) (CA(I),I=1,NANG)

DO 10 IS=1,NS
DO 1 J=1,NC
READ(1,222)(X(I,J),I=1,NANG)

1 CONTINUE
IF((IS.EQ.1).0R.(IS.EQ.4)) cO TO 3
D3 2 J=1,NC
DJ 2 I=1,NANG
X(I,J)=X(I,J)xC

2 CONTINUE

3 CONTINUE
CALL STATISTICAL ANALYSIS

CONTINUE
FORMAT(10I3)
FORMAT(10F0.0)

STOP
END

h L

SUBROUTINE STATISTICAL ANALYSIS

DIMENSION sD(10),SDM(10), SKEW(10),vrMN(10),VvMX(10),CVR{10),VM(10)
- REAL KURT(10)

COMMON /B1/vV(12,10),CA(10),NANG,NC

DO 4 J=1,NANG

SV=0,0

DO 5 I=1,NC
5 3V =SV+V(J,I) R

VvM(J) = SV/NC

SVS,DV3,DvL4 =0.0

DO 1 I=1,NC "
SVS =-SVS+V(J,I;*V(J,I)
DV =V(J,I)-vM(J

DV3 = DV#*DV*DV+2V3
DVY4 = DV3*DV
1 CONTINUE ,
Y ='VM£J)*VM(JZ*NC
. VAR - svs-Yz/'Nc-1)
SD(J) = SQRT{VAR)
spM(J) = 3D(J)/v11(J)
SD3 = SD(J)*VAR
SD4 = VAR=*VAR
SKEW&J}= DV}/(SD3*(NC-1);
KURT(J) = DV#/(SD&&SNC-3 )
VN (J ), VMX (T )=V (J, 1
N0 2 I=1,NC
IF(Vimi(J .LT.VSJ,I)) cO TO 2
ViN(T) = Vv(J,I
MN =I
2 CONTINUE
DD 3 I=1,NC ~
TF(vx(J).GT.V(J,I)) GO TO 3
vMX(J) = V(J,I)
M{ =I
3 CONTINUE
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CVR(J) = (VMX({(J ) -V} v
MRITE$2 3:-%3) éAzJ-\)n,I:\\IITSI%} ;/VN(%) 100,
%, KURT (J )

i CONTINUE
333 FORMAT (9(1X,E12.4))
RETURN
END
FINISH



B13-3 - TABUILATED DATA Program

The main purpose of this program is to generato
some tabulated data required for the SPECTRAL ANALYSIS

program, It calculates the exact sample number of a data block
for any crank angle during the cycle, the required shift of the
signal in the data block and the maximum number of cycle samples

in the block.

It calculates also the sample size (crank angle degrees)

and the exact value of engine speed for the particular test

considered,

The input data for this program could be summarised as

follows: R
1. The minimum and maximum q?lues of engine speeds
in the Table,
2. The width of cycle sampleifcrank angle degrees).
3. The sampling rate on the ADC (}J sec/sample),
and 4. The size of the data block used in storing the

digitized data.

114,
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JO3 N280,N,NS1505

LUFJRTRAN

RUY

VOLUME 7500

CARDLIST

DOCUMENT SOURCE
LIBRARY (ED, SUBGROUPFSCE
LTBRARY (7D, SUBGRNOUPGRAF
LIBRARY (ED, SUBGROUPUSUB
PROGRAM(N230)
COMPACT
INPUT 1 = CRO
QUTPUT 2 = LPO
TRACE O
END

MASTER TABULATED DATA
e X Yo e 3 W N T W He MW N W
FOR CALCULATING THE CORRECT ENGINE SPEED AND THE SAMPLE NUMBER
FOR THE AUTO-CORRELATION AND POWER SPECTRUM ANALYSIS
INTEGER SR |
DIMENSION ANGLE(100),NA(100),ND(100) i -
MAX RPM =3500.
MIN RPM =500.
D3 1200 IT=1,NT
READ(1, 111 )NANGLE, NT, NS, SR, NB
111 FOHMAT(HIM%
READ(1,113) (ANGLE(I),I=1,NANGLE )
113 FORMAT(12F0.0)
20 1100 TW-6,10,2
J -0 -
NSI= 120.*(10.*%6)/(MAX RPM *FLOAT(SR))
DO 1000 NP-NSI,NS,5
RPM=120,* (10, #%6 )/FLOAT (NP*SR) 't
IF(RPM.LT.MIN RPM) GO TO 1100
SS=720./NP .
X= FLDAT{IW)/SS
NW= NINT(X)
2= NINT (X/2.) /
NCOUNT - NINT( FLCAT(NB)/X)
~ NDI=NB-NW
IF&J.EQJS) J =0
IF(J.GT.0) GO TO 800
WRITE 2,2225 SR, IW

SIONP

WRITE(2,333) (ANGLE(I),I 1,:ANGLE )
WRITE(2, 444
800 CONTINUE
DO 900 I=1,NANGLE
HA{I; = NTNT(ANGLE(I)/SS)
ND

I) =NA(I) Nu2
000 CONTINUE
HRITE{2,555§ NP, 2PN, SS, (1TA(TI),I=1,NANGLE ), NV, NDI
YRITE(2,656) (ND(I),I=1,NANGLE ),NCOUNT

J =J+1
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1000 CONTINUE
1100 CONTINUE
1200 CONTINUE

222 FORMAT(1H1,30X,61H TABULATED DATA FOR CALCULATING THE CORRECT ENGI
XNE SPEED(RPM)/,30X,71HAND SAMPLE NUMBER FOR THE AUTO~CORRELATION
XAND POWER SPECTRUM ANALYSIS//,20X, 16HSAMPLING RATE = ,IS5 ,27H(MIC
XRO-SEC. ), CHUNK WIDTE =,I4,9H(DEGREES))

3333 FORMAT (1 20H% % % 5 %3 53655 % 303 5336 5 963 96 369 00963096 9696 X 30096 H 00 3606 00 3036 3606 3636 06 96 36 0 36 36 36
KKK N R XK KK KK T IR I NI IR I KK KK N KN/

XUx, 2HNP, 4X, 3HRPM, 2X, 1 1THSAMPLE SIZE,21X,32HSAMPLE NUMBER/SAMPLE DI
*FFERENCE, 20X/, 25X, 12(2X,F4,.0) )

555 FDRMAESEK,IM,QX,F6.1,2X,F6.3,3X,12(2X,I4),2X,11HCLEAR FROM ,I2,4H
*TO ,T
L4l FORMAT { 120H=m=memmmmmmmmmmmmmm e emmmmmmme———————————————————— e

¥ st e e e e e e e e 8 e e e e 8 e e B et e e /
)

¥

666 FORMAT (25X, 12(2X,I4),5X,11HCOUNT NO. =,I4/)
STOP
END

FINISH



