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APPENDIX BI 

DIGITIZATION AND CALIBRATION 
Program 

The purpose of such a program is to enable the ICL 

Computer to read the output data from the ADd of the Hewlett 

Packard Fourier Analyzer and to reproduce the digitized data, 

after scaling, into a buitable format for further use in the 

data analyses programs. The now storing medium is abitrarily 

chosen to be punched cards for convenient replacement of 

damaged cards during data processing. The option of calibrating 
I 

the recorded signals to their actual values at the output of 

instruments are also provided at this stage. 

Figure (BI) shows an example of the-data format on 

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

the ADC. 

SF -4 09 8192 CR LF 

20) 32767 16384 ..... 0 ............... 

28) 24523 ............................. 
Fig. (Bl) 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 10 

All data words aret multiplied by 10 K. Thus in 

the above example all data words are multiplied 

by 10-4 = 0.0001 

0 Is a coordinate code (e. g. rectangular, polar 

etc... ) (for further details see Table B 1). 
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9 Frequency Code, which expresses data sampling 

parameters in terms of SAMPIX MODE and 

MULTIPLIER switch setting on ADC. 

(for further details see TableB2). 

8192 Block Calibrator. 

20,28 = Are the locations of the first data word in 

each data record (of 8 words) in'the data 

block of the ADC. 

32767, )= Are data words. Data word system is as follows: 

16384, ) 0 stands for 0 and 32767 for -1. 

24523 Therefore to convert data words into physical 

Values, use the following fomula 

Physical Value = 
Data word 

.. 
Block Calibrator 

x 10 
K (DO 

32767 32767 

Examination of the above mentioned example for paper 

tape output indicates that appropriate1format 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 (Bl'. ). 

Calibration of the recorded signals to their actual 

values could be carried out at this step using equation 02). 

E 
actual C. E 

recorded +D (B2) 
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where C is the attenuation factor on the recorded signal 

and D is 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 constants. 

Finally, the program calculates the correct engine 

speed and the sample size of the digitized data as given by 

the following equations 

rpm - 
1.2 x 10 8 

(B3) 
NP x SR 

I and 

SS 720/NP 

It 

(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-see/ 

sample) - (see Table (B 1). 

and SS is the sample size in crank angle degrees. 
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TABIX (Bl) Frequency Codes of tho ADC 

Freq. 

Code 

F 
max 

MAX. FREQ. b TINIE 

47 50 Kllz 10 p See 

46 25 KHZ 20 p sec 

45 10 Kllz 50 rsee 

44 5 Kllz loc) See 

43 2.5 KIlz 200 sec 

42 1 KHZ 500 ýsec 

41 0.5 Kllz 1000 See 

40 0.25 KHZ 2000 See 

39 0.10 KIlz 5000 See 

15 50 Hz 10 msee 

14 25 Ilz 20 msec 

13 10 Ilz 50 msee 

12 5 Hz 100 msec 

11 2.5 Hz 200 msee 

10 1 liz 500 msec 

9 0.5 Ilz 1000 msec 

8 0.25 Hz 2000 msec 

7 0.1 Hz 5000 msee 

Freq. 

Code 

4f 

ä M-EQ. 

T 

TOTAL TIAIE 

63 100 Ilz 10 msee 

62 50 Ilz, 20 msee 

61 20 Ilz 50 msec 

GO 10 liz 100 msee 

59 5 Ilz 200 msec 

58 2 Ilz 500 msec 

57 1 Ilz 1000 msec 

56 0.5 Hz 2000 msec 

55 0.2 Hz 5000 msec 

31 100 mHz 10 See 

30 50 mIlz 20 See 

29 20 mHz 50 sec 

28 10 mHz 100 sec 

27 5 hmä 200 See 

26 2 MHz 500 See 

25 1 mHz 1000 See 

24 0.5 mHz 2000 See 

23 0.2 mHz 5000 sec 

.4 
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TABLE 02) Coordinate S Codes of the ADC 

Coordinate 
Code 

Time Frequ- 
ency 

Rectan- 
gular 

Polar log Linear 
Single 

Precision 
Double 

Precision 

0 x x x x 

2 x x x x 

4 .x x x 
-x 

5 x x x x 

7 x x x 

12 x x x x 

14 x x x 
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Version No. 1 

DIGITIZATION AND CALIBRATION 
Program 

INPUT DATA: 

NS Number of individual signals punched on tape. 

NT Number of individual tapes for each-signal. 

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

NI Number of samples digitized on each tape. 

N2 Number of calibration voltages. 

N3 Number of samples digitized from each calibration 
voltage recorded signal. 

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

N GRAPH Control variable calling gK4ph-plotter subroutine 
if an input value of 9 is introduced. 

NGP Number of graph plots required. 
IL 

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

NX =1 For crank angles (degrees) 
.1 

NX. =2 For time (sec) 

NX =3 For frequencies (Hz) 

VCVM Actual values of calibration voltages. 

SR Sampling interval on the ADC (micro-sec/samPlO). 

C Attenuation factor on recorded signals. 

D Biased DC voltages from recorded signals, for known 
calibration of signals. 

VARIABLE(I) A string of alphanumeric characters describing the 
digitized signals. 

CR Compression ratio of engine. 
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Version No. 1 (continued) 

INPUT DATA: 

Ip Probe vertical location in combustion chamber. 

THETA Hot wire orientation inside the combustion 
chamber. 

X MIN, X MAX Maximum and minimum values cn x axis. 

Y MIN, Y MAX Maximum and minimum values on y axis. 

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

OUTPUT DATA: 

C Attenuation factor on recorded signals. 

D Biased DC voltage from recorded signals. 
It 

VARIABLE (I) (As introduced in input data). 

RPTM Engine speed. 

SS Sample. size (degrees) 

A(I) Actual values of recorded signals. 
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JOB N200, NINS1505 
LUF0 RT'll ýAN 
IN T-ý'10(1101,1-STAý! DAPD)., OiNLINIý 
RUN 
JOBCORE 30000 
DOCU', ýTENT SOURCE 

LIBRARY (ED, SUBGROUPNAGF) 
LIBRARY (ED: SUBGROUPUSUB 
T 1131RARY (--'-'D3 SU302"UPGRAF 
PROGRAM(N200) 
COMPACT 
INPUT 1= CRO 
INPUT 3--T 
OUTPUT 2= LPO 
ouTpuT 4 ---cpo 
TRACE 2- 
END 

MASTER DIGITIZATION AND CALIBRATION 

ITS = NUMBER OF INDIVIDUAL SIGNALS PUNCHED ON TAPE. 
NT = NUMBER OF INDIVIDUAL TAPES FOR EACH SIGNAL. 
NC = CONTROL VARIABLE CALLING CALIBRATION SUBROUTINE IF EQUALS(9) 

'7D CF POIN" N1 = NUY= LS DIGITIZED ON EACH TAPE. 
N2 - NUMBER OF CALIBRATION VOLTAGES . N3 , NUMBER OF POIllTTS DIGITIZED FROM, EACH CALIBRATIO-, l VOLTAGE: 
NI = FIRST SAMPLE NUMBER ON TRACE (COULD BE. NEGATIVE). 
D, TAME(X) = NAME OF X- AXIS VARIABLE 
NAr. 'IE(Y) = NAME OF Y AXIS VARIABLE 
NX C014TROL VARIABLE FOR SELECTINa THE X--AXTS VARIABLE ACCOIRDING 

TO THE TYPE OF DIGITIZED SIGNAL 
NX 1 FOR CRANK ANGLES (DEGREES) 
NX 2 FOR TIME (SEC) 
NX 3 FOR FREQUE ITCIES Hz) 
NGP = NUMBER-OF GRAPH fLLJI'b REQUIRED FROM EACH SIGNAL 
ITGRAPH CONTROL VARIABLE FOR CALLING GRAPH PLOTTER SUBROUTINES 

IF ITS INPUT VALUE EQUALS 9. 
VCV(I) ACTUAL 'VALUES OF CALIBRATION VOLTAGES. 
SR SAMPLING INTERVAL ON THE ADC (MICRO-SEC). 
C ATTENUATION FACTOR FOR RECORDED SIGNAL. 
D BIASED DC 71OLTAGE FOR RECORDED SIGNALS. 
VARIABLE(I) =A STRING OF ALPHANUMERIC CHARACTERS DESCRIBING THE 

RECORDED SIGNAL. 
I14TEGER SR 
COMMON /Bl/ Nl., IT 
COMMON /ý32/ CD., CT, NR., NRP 
COMI-ION /p3/ N2., N3 VCV(5) 
C; 0' (3 ý, NAMEY (3 ). v XM IN, YM IN., X14AX., YVIAX., XII,, TS., YINS., NX 
COTýUPION/B5/NP, SR., PI, IG 
DIMENSION VARIABLE(4) 
NR., NRP ----0 
CT = 1073676289. 
READ(l., 111) ITS 
DO 500 IS NS 
READ(13111) NT, NC 
IF(NC. EQ. -Q-) GO TO 100 
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READ(1, P333 CID 
READ(1,30 CR 
GO TO 200 

1100 READ(1,11*) N2, N3 
READ(IY333) (VCVýI)xI-l., N2) 
CALL CALIBRATION 
WRITE(2,999) CID 

200 CONTINUE 
IF (NIT. EQ. 0) IMP -4\, R 
IF (NiT. EQ. 0) GO Tc 500 
Do 400 IT -1 NT 
READ(1,111) NI1, NPSRIIGRAPHNGPNX., NI 
READ(1,444) (VARIABLE(I),, I=ls4) 
IF(NX. GT. 1) READ(1,333) THETA jYP SS =720. /FLOAT (N`P ) 
RPM=120. *(10. **6)/FLOAT(NP*SR) 
MAX FREQ = 10. / (FLOAT (SR) * 2. ) 
IF (NTX. EQ. 1) WRITE(2., 777) (VARIABLE(l), I=1,2 ), BPM,, (VARIABLE(I)., 1=3 

*., 4), CR., NP, SS 
IF(NX. EQ. 2) 1, lRITE(2,, 838)RPM, ( VARIABLE (I), I=lj2)., CRjYP$THETA, SRj 

*MAX FREQ 
IF(NX. EQ-3) I-IRITE(2., 666)Rpri., (-VARIABLE (I), I=1,2), CR., YPjTHETAjSRj 

*MAX FREQ 
IF(NX. EQ. 4) WRITE(2,555)RPM, ( VARIABLE (I)., I=1'., 2), CR., YP., TIIETA., SR, 

*MAX FREQ If 
CALL TAPE READER 
IF (NGRAPH. NE. 9) GO TO 300 
R, EAD(13333 YdIINIXMAX, YMIý1, YrIAXXINSYINS 
READ(1,444 (ýTAMEX(l)., I=1., 3), (NAMEýY(l)., I=I., 3) 
IF (NS. EQ. 1 CALL UTPOP 
DO 300 IG=I, NGP 
CALL GRAPH PLOTTER 

300 CONTINUE 
400 CONTINUE 
500 C ONTINUE 

IF, (NGR. ', PII. EQ. 9) CALL UTPCL 
111 FORMAT(8i4) 
333 FORfvtAT (6FO. 0) 
444 FORMATý4A8) 
555 FORMAT 1HIl SECOND DERIVATIVE OF AUTO-CORRELATION FU14CTION 

*',, /? ENGINE SPEED 1, F8-3)l(RPM)1,2A8,, l COMPRESSION RATIO = I)F2. 
_xo 1: 1: /' PROBE VERTICAL POSITION ='jFt: > CRANK ANGLE III _-32'(MM) 
*F7.3. (DEGREES)' SA141PLING RATE 3 '(MICRO-SEC)/SAMPLE) 14AXIYIUIM 
* FREQUENCY =l, F5.2jl(JM)l//) 

66ro FORMAT(1111,1 POWER SPECTRAL DENSITY FUNCTION'/ 
*1 ENGINE SPEED =lF3-3, l(RPM)l, 2A8.1 COMPRESSION RATIO = IyF2. 
, +0 1: 11/1 PROBE VE IF6-1,1(1ý CRANK ANGLE =1, ERTICAL POSITION -, l -ITl) 
*F7". 3, "(DEGREES) SAýTLING RATE =lI3j, (MICRO-SEC)/SAMPLE) MAXIMUM 
* FREQUENCY -=ljF5.2, l(KHZ)l//) 

777 FORT, ', IAT(lHlll DIGITIZED DATA FORI, 2A8/ 
*1 ENGINEa SPEED -1, F3-3, l(RPM)1,2A8,1 COMPRESSION RATIO = ljF2. 
*0 , 1: 1 NUMBER OF SAMPLES =l.. 13, 'SAf4PLE SIZE =t, F7.3, '(DEGREES) 1) 

38P) FORINýT(1111, t AUTO-CORRELATION FUNCTION'// 
. X-1 ENGINE SPEED =lpF3-3jl(RPM)l 2A8 II COMPRESSION RATIO = IIF2. 
. X. 011: 11/1 PROBE VERTICAL POSITION" =1 , Fo. 3j'(,, U4) CRANK-ANGLE =',, 
'r 0 '(DEGREES) SAMPLING RATE I '(MICRO-SEC)/SAMPLE) MAXIMUM ,7 31 3 

FREQUENCY ='., F5.2, '(KHZ), //) 
999 FORMAT (lHll ATTENUATION FACTOR = tF8.4., 

ý; (-' BIASED DC VOLTAGE = 1, F8.4) 

.a 

STOP 
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C 

c 
c 
c 

C 

SUBROUTINE TAPE READER 

INTEGER SR 
DI14ENSION IA(8) 
COM1,10N /j3l / N1. IT 
COP, "i, 40NI /B2/ C., bý, CT., NR, NRP 
COMMON /B6/ X(3000)., A(3000) 
111 NUMBER OF POINTS PUNCHED ON THE TAPE 
N2 N3 ARE NUMBERS USED FOR CALCULATING THE SCALE FACTOR OF DATA 

PUNCHED ON TAPE 
NPP --N118 NPC -ANPP *8 
IF((NR. EQ 0 AND. ý(IT. EQ. 1). 0,9. (NRP. EQ: Oýýý READ(3,, lllý N2., N3 
IF( NR. GT: - OR. ( IT. GT. 1). AND. (NRP. GT 0 READ(3., 222 N2., N3 
IF 

ýN2. 
GT. 0 SF FLOAT(10**N2)*N3/CT 

IF(N2. LT. 0) SF FLOAT(N3)/(FLOAT(10**ABS(N2))*CT) 
DO 100 L =1.. NPP 
READ(ýj33ý) IA(I), I=1,8) 

K= (L-1) *ý 
DO 100 J =1,8 

M=J+K 
A(M) = C*FLOAT(IA(J))*SF +D 

100 CONTINUE 
NRP = Nl-NPC 
IF(NRP. EQ. 0) GO TO 200 
READ(3j333) (IA(I), I=1., NRP) 
DO 200 J-.. ---l., IIRP 
Mý- NPC +J 
A(14) = C*FLOAT(IA(J))*SF +D 

200 CONTINUE 
NCR ýVINT (FLOAT (N 1 /10. 
IF ((NCR*l 0). LT. ill 

WR=NCR+1 

DO 300 J =1, NCR 
r, ýl ý: E J-1 ) *1 o 
11. .2 444ý ýAýMl+fljl=1,10 .J WRITE 4., Ml +I I =1., 10 

ý., 
J 

3QO CONTINUE 
111 FOR'MAT(2X: 

/IT, 
14X 17 

222 FORMAT(lX 2Xjiý, l4X, I7, /) 
333 , FORMAT (loX, 817., /) 
444 FORMAT(2X, 10r, 7.3, I8) 

RETURN 
END 
SUBROUTINE CALIBRATION 

INTEGER VRV 
DIMENSION VRV(100,5)., VRVTI(5)., 115(5)., N6(5)., Cl (5), Dl (5). 

-SF(5) 
CODIMON /j32/ C., DpCT,, NRy1TRP 
COMMON /B3/ N2, N3sVCV(5) 
SC, SD =0.0 
143Cý N3/8 
DO 200 J =1. tN2 IF((NRP. EQ. 0). AND. J. EQ. 1). OR. (NR. EQ. 0) READ(3.111) N5ýýfljN6ýfl 
IF((NRP. GT. 9)-Oý lýýqtGT. 1). AND. (NR. GT. Oýý)READ(3., 222)N5, J $N6 i 
WRITE(2., 111) N5(J), N5(J 
SF(J) = FLOAT(10 

J*N6(j)/CT 

WRITE(2,444) SF(J) 



12. 

444 FORMAT (10XE20.6) 
DO 100 IN3 z7%1 . N3C 
L (IN3-1 )*8 
REýD(3 333) (L+I), J) ýI =1,, 8) 

WRITEý', -'., 333 
ýý19(VVR(V((-L, 

+I), J), I ri, 8) 
100 CONTINUE 

NR 443- (N3C*3) 
M1 = 143-NR 
IF(NR. EQ. 0) GO TO 200 
READ(" )., 333) (VRV M1+I yJ , 3: -l., NR 
WRITE(22333)(VRVýýMl+Iý,, Jý.. I-1, NRý 

200 CONTINUE 
WRITE(2j333 N2, N3, NR 
WRITE(2., 44fl (VCV(I), I=1, N2) 
DO 4oo J=1., N2 
x =0.0 
DO 300 I=1, N3 

300 X= X+FLOAT(VRV(I,, J)) 
400 VRVM(J) =X*SF(J)/N3 

DO 500 I=1., (N2-1) 
Cl(I) = (VCV(I+1)-VCV(I))/(VRWI(I+l) VRWI(l)) 

500 SC SC + CI(I) 
C SC/(N2-1) 
Do 6oo I =1, N2 
DI(I) = VCVýfl -C*vRvr4(i) 600 SD SD +D1 I 
D SD/N2 

Ill FORMAT (2X., 17., 14X., 17 
222 FORMAT(1XJ9/ 2X I jl4X., 17,, /) 
333 FORIMATOOX., AI7. 

-'/ý RETURN 
END 

SPBROUTINE GRAPH PLOTTER' 
C 

11OMMON1, '84/ jlAMEX(3), NAMEY (3) 
p MITI, rlIN, XMAXYMAX, XINS, YINS, NX 

CO", P-lM0N/B5/`NP, SR., NI IG 
COMMON /, q-6/ X(30005YY(3000)' 
IF (NX. EQ. 1) CALL ANGLES 
IF((NX. EQ. 2). OR. (NX. EQ. 4)) CALL TIME INTERVALS 
IF(NX. EQ-3) CALL FREQUENCIES 
CALL uTp4A(XMIN, )CI-IAXYMINYý4AX., XINSYINS., NAMEX., 3, NAMEY., 3) 
CALL GRID (XMIN, MAX Ti4INjYf,, lAXXINSYINS) 
CALL UTP4B(X., Y., NP, 25 
RETURN 
END 

SUBROUTINE ANGLES 
C 
C Y(I) = MEASURED ENGINE PERFORMENCE PARAf-MER. (E. G. VELO., PRES.,. TEMP) 

COlolIVION/B5ANP 9 SR, NI, IG 
COl'u"ON /Bo/ X(3000)., Y(3c)00) 
Ss = 720. /IýIP 
DO 10 1=1, NP 
X(I) ss*i 
Y(I) Y((IG-1 )*NP +I) 

10 CONTINUE 
RETURN 
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SUBROUTITNE FREqUENCIES 
c 

C Y(I) = POWER SPECTRUM VALUES AT DIFFERENT FREQUENCIES 
COMNlO'N/B5/NP, SR, NI IG 
COMMON /B6/ X( 0065, Y(3000 
DF = (10. **6)/ý2. *SR*2048. 
Xý1ý =JýTj*ýF 

y1= Y(l +(IG-1 )*NP) 
DO 10 1 =2 " NP 
fflý = DF*II+X(l) 
YI =Y((2* -1 ) +(IG-1 )*NP) 

10 CONTINUE 
RETURN 
END 

SUBROUTINE TIME INTERVALS 
C 
C Y(I) = AUTO-CO. RRELATIPN FUNCTION OR ITS SECOND DERIVATIVE 

COD01ON/B5/-NP. o SR., NI IG 
COMMON /B6/ X(30003., Y(3000) 

. Xý 1ý= NI*SR/(l 0. **6) 
Y1= Y(l +(IG-1 )*NP) 
DO 10 1 =2jNP 
X(I) = ! *Sý/(lo **6)+X(l) 
Y(I) = Y((IG-1 )ýNP +I) 

10 CONTINUE 
RETURN 
END 

. 
(YT; ' IN, )DIAX, YMIN., YMA. 'Al, XINS.. VINS) SUBROUTINE GRID 

C 
DIMENSION ýX(2), Y(2) 
NX=IFIX(XINS) 
NY - IFIX(YINS) 
X 1) Y"M IN 
y 1ý Ymi ý-l 
Y2 Y114X 
D )94AX-MIN) 1XINS 
DO 1 I=1.,. NX 
X(l )= Xý1ý+DX 
X(2) =x1 

1 CALL uTp4B(Y.., Y, 2,. 3) 
X(l) = )9,11N 
DY - (Y'lllAX -YMIN) /YINS 
DO 21 =1., NY 

Y %ý + DY yyý 12 ý1 

CALL uTp4B(x., Y., 2., 3) 
RETURN 
END 
FINISH 
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Version No. 2 

DIGITIZATION OF CALIBRATED SIGNAW 
Program 

INPUT DATA: 

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

NT Number of individual signals punched on a single 
tape. 

VARIAbIX (I)* A descriptive statement about thý 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-see) 
(see Table (Bl) 

C Attenuation factor in equation (B2). 
It. 

D Biased DC voltage in equation (Bl). 

OUTPUT DATA: 

VARIABLE (I)* (As introduced in the input data). 

RMI Engine speed. 

SS Sample size (degrees). 

A(I) Actual values of recorded signals. 
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JOB 112101 N., NS1 505 
LUFORTRAN 
IN TRO(NON-STANDARD)jOliLINE 
RUN 
VOLUME 7500 
CARDLIST 
DOCUMENT SOURCE 

PROGRAM(N210) 
INPUT 1= CRO 
INPUT 3--TRO 
OUTPUT 2= LPO 
OUTPUT 4= cpo 
TRACE 0 
END 

MASTER 'DIGITIZATION OF CALIBRATED SIGNALS 
C 

INTEGER SR 
DIMENSION A(5000), PIA(8), VARIABLE(IO) 
DATA CT.. C., D/1073676289., 1.0,0.0/ 
READ(1,111) NTNCAL 
IF (NCAL. EQ. 1) READ (1 

, 222) C, D 
Do 4 IT =1 NT 
READ(l., 333 (VARIABLE(I)sI=1,10) 
READ0,44fl Nl., Ný., sR 
SS=720. FLOAT(NP) 
RPM=120. *( 0. **6)/FLOAT(NP*SR) 
1,. rRITE(4,555) (VARIABLE (I), I=l, 1 0)., RPfl, NP-; SS 
NPP = N118 
NPC = NPP*8 
IF(NPP. EQ. 0ý GO TO I It 
IF, ((IT. EQ. 1). OR. (NRP. EQ. 0)) READ( 666) N2.. N3 
IF((IT. GT. 1). AND. (NRP. G. T. 0)) READN-777) 112., N3 
IF(N2. EQ. 0)'SP = FLOAT N3)/dT 
IFýNMT. 0) SF = FLOAT 10**N2)*N3/CT 
IF(N2. LT. 0) SF = FLOAT N3)/((10. **IABS'(N2))*CT) 
WRITE(2j1000) N2, N3., SF 
WRITE(2j555) (VARIABLE(i)., I=1., 10), RPM,, NP., SS 
DO IL =1 NPP 
READ(3,88Aý (IA(T), 1,1,8) 
K= (L-1)* 
Do 11 : =l .8 
r. 7 = J+K 
A(M) = C*FLOAT(IA(J))*SF +D 

1 CONTINUE 
NRP - Nl-NPC 
IF(NRP EQ 0) GO TO 2 
READ(3; 88ý) (IA(II), II=1, NRP) 
DO 2 II=1., ITRP 
K= NPC +II 
A(K) = C*FLOAT(IA(II))*SF +D 

2 COD71THINTUE 
NCR = NINT (FLOAT (Nl )/l 0. 
IF((NCR*10). LT. Ifl) NCR = NCR +1 
DO 3J =1, NCR 
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3 
4 

222 
333 
444 
555 

8 

1 000 

Ml , J-1 ) *1 o 
In! ITE 

ý2,999) 
(A MI +1 11 -1., 10 jJ WRITE(41999) (AýMl+l 'r- 1,10H 

coill"INUE 
CONTINUE 
F, ý -Ir T2 13 r4A 

rr F RMA 2FO. 0) 
,I, 

FrýJIMAT 1 OA3) 
F0.13MAT 314) 
FORMAT I Hl ,1 OX, 21 HDIGITIZED DATA FOR 

*8x, 1411EITGINE SPEED =, F7.2,19H Nc. OF 
*IZE =, F5.2,9lH(DEGREES)//) 

FOR, NTAT(2X, I7 14X 17 /) 
FORMAT 1X, /,, 22X, -2.914X.. I7., /) 
FORMAT 10X, 817jýý 
FORMAT 2X., 1OF7.3.. 18) 

., 
I OA8// 

SAMPLES 130611 

FORMAT(2X., 'SCALE FACTORS ARE : '/ 20Xj'2(I8., 2X), E20-5) 
STOP 
END 
FINISH 

It 

SAMPLE S 
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APPENDIX D2 

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 

summarised as follows: - 

1. Digitization of turbulence signals at the 

appropriate sampling rates, usually'50/) gec/sample 

is 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-ilie following 

programming operations: 

a) Isolation of a signal of width a, () , centred 

at the crank angle e,, i. e. from 
I 

E) 'ýý 
2 
o- 

to L0+(ý, 
0/2 )]. / 

b) Addition of previously isolated samples to 

the present one (note for theýfirst cycle the 

previous signal represents a clear data block). 

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

a storing location. 

d) Repetition of steps from (a) to (c) for a (N) 

number of cycles are given by 

Maximum number of analysed cycles (N) 

= (Block size)/(Width of individual sample) (B5) 
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3. 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 n(t) u n(t) 
(B6) 

where 

(B7) 

4ý 

and N is 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 

the number of samples and subtract the latter 

value from the original signal. 

b) Datarecord infrequency domain 

Since the Fourier transform of the signal is an 

intermediate step in the calculations of the 

power spectrum function, as will be Oiscussed 

later, a process of eliminating the DC component 

of the signal in the frequency domain gets rid 

of such a mean value. 

4. Auto- corre la tion function. * 

As discussed in Chapter 4 the auto-correlation function 

is obtained by the following procedure: 
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a) Compute the Fourier transform of the time 

series signal as given by the following 

equation: 

X(n) xtM -j2rmt (B8) 

b) Compute the spectrum of original data as given 

by: 

S(n) = limit 
I 

X(n) X* (n) (B9) 
T -o- -a 

T 

h. 

where 

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

given by 
4DC 

X* (n) =ý -- X(Tr e 
j2rtnt dt (BIO) 

c) Compute the inverse'lFourier transform to obtain 

the auto-correlation function as given by: 

RtM= F-1 ý S(n)j (Bll) 

Rt (t) S (n) e 
j2rint 

dn 

-Coo 
vc 

limit -1 X(n) X*(n) e 
j2rint dn (. B12) 

T --, I- 
T 

5. Obtain the auto-correlation coefficient as defined 

by: 

tt (B13) 
-2 xR t(o) 

where R(O) is the value of auto-correlation function 
t 

at zero time delay. 
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limit x(t) x(t) dt =x2 
T 

6. Store the auto-correlation coefficient in another 

data block for further analysis. 

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

differentiation of auto-correlation coefficient as 

given by: 

2ý(t) r 
lb R (B15) 

t2 
t0 

(B14) 

8. Obtain the integral scale of turbulence by integrating 

the auto-correlation coefficient as given by: 

cc 
- ____ L Rj (t) dt (1316) 

t *ý 
0 

It 
where the integration process is carried out only for 

positive values of Rý (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. 

F(n) =2RIt Cos 2nnt dt (B17) 

-60 
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. 

-a 
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2.1 Details of the Spectral Analysis Program 

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

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

a) Preparation of Turbulence Signal 

L. ., I EN 

DS 4096 EN 

CL I EN 

L ', ý 2 EN 

RA EN 

. 0- 0 (NE)) EN 

CL 0 (MV) 4096 EN 

A+ I EN 

. 6-- 0- (my) EN 

X> I EN 1- 

jýk 2 (h'C) EN 

where NO defines the location of the particular crank angle 

of interest 

MV the number of samples for the width 9 of the cycle 

NC is the number of cycles analysed = 
4096 

Mv 

Example: For 1000 r. p. m. engine speed, 100 sample width 

MV = 33 samples at 50 see 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 
1.3 

EN 

x91 EN 

$1 EN 

1 4095 EN 

1 4096 EN 

CL 1 1 4096 EN 

EN il 

1 -1 EN 

A+1 EN 

te 3 (N1) EN 

where (NI) is the number of successive processes of subtractions. 

b(ii) Transformation of Data to Zero Mean Value by Eliminating 

the DC Component in the Frequency Domain 

x< EN 

F EN 

CL 0 EN 
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C) Spectrum Analysis 

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

starts with a Fourier transform of the time signal, 

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

sequence of commands are used directly: 

EN 

F EN 

x> 1 EN 

CL 1 1 4096 EN 

EN 

wý- 01 EN 

x> 1 EN 

. -6- 0 2048 EN 

% EN 

% EN 

w 0 2045 2050 EN 

EN 

EN 

CL 0 N2 4096 

0 EN 

x< 1 EN 

CL 0 MV (4096-MV) EN 

F EN 

END EN 

TEMI EN 

R(o) is obtained at this 
step 

t2 
is obtained 

t0 at this stop 

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

Integral time scale is 
obtained at this step (L t) 

Normalised power spectrum 
function is obtained at this 

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

(Ilewlett Packard Fourier Analyser Code (142) 

L' Nl LABEL, this defines a starting statement of a 

loop in the program. 

* Nl N2 COUNT, this determines the number of loops (N2) in 

the program segment starting at the statement 

labelled by Nl. 

BS BLOCK SIZE. 

RA ANALOG IN, this instruction introduces an analog 

signal to the ADC as soon as a triggering pulse is 

sensed. 

CL Nl N2 N3 CLEAR, this clears the data from the sample (N2) to 

the sample (N3) in the data block (Nl). 

Nl N2 SHIFT, this instruction shifts the data in the 

pamples N2 to the lift. block (Nl) number of 
., 

A + Nl ADDITION, this instruction adds the data in block 

NI to that in block (0)*. 

A Nl SUBTRACTION, this instruction subtracts point by 

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

(*Nl N2 MULTIPLICATION, this multiplies the data in block Nl 

by an integer number (N2) (between -32767 to +32767) 

with the exclusion of 0 value. 

(*Nl BLOCK MULTIPLICATION, this multiplies the data block 

Nl by block (0). 

Nl N2 N3 COMPLEX MULTIPLY (N2 +J N3) for data in block Nl 

Nl N2 DIVISION, this divides the data block Nl by the 

integer number N2. 

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 the Fourier 

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

dual operations between two data blocks. 

%Nl DIFFERENTIATION, this differentiates the data in 

(d/dx) 
block Nl (First data point remains constant). 

$ Nl INTEGRATION, this integrates the data in block Nl. 

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

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

. -block(NI). 

P Nl N2 N3 PUNCH, this produces a punched paper tape for the 

data words from N2 to N3 in the block Nl. 

F N1 N2 FOURIER TRANSFORAI 

Nl and N2 are two data blocks 

Forvard 
-j2vnm 

F (M f (n At) a (B18) 
Nn --: 0 

Inverse . 
+J2prun 

F- (n At) = 
7- P (m An )e (B19) 
M=o 

where 

At= time increment, -n = frequency resolution 

N= the total number of points in the time domain. 

CR Nl CORREIA7E, this performs a cross correlation between 

the data block N1 and block (0), if III is defaulted 

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

4 N1 LOAD, this loads the data in block N1 into block (0). 

I N1 STORE, this stores the data in block (0) into block NI. 

0 END. 

I 

/ 
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SPECTRA1. ANALYSIS 

Program. 

Version No. 1 

An example of the spectral analysin of turbulence signal at 

(TDC) comprossion, using a 'cycle sample, width of 10 crank angle 

degrees,, a sampling rate of 50? sec/sample., and a data block of 

4096 data words. 

Test at 1000 RPM). 

IL1 

4 BS 4096 

7 CL 1 

lip 2 

13 RA 

15 -0- 0 1183 
19 CL 0 33 4096 
24 A+ I 
27 0 33 

31 X>1 
34 A-ý- 2.124 0 
39 X< I 
42 F0 
50 CL 002 
55 *- 

. 
57 F 
59 X> I 
62 CL 11 4096 
67 
70 1 
73 W101 
78 X> 1 
81- 0 2048 
85 D 
87 % 
89 % 
91 W0 2044 205> 
'96 X< 1 

99 0 
102 W0 30 37 
107 X< I 
110 CL 0 33 4063 
115 F 
117 0. 
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Version No. 2 

An example of carrying out the spectral analysis of turbulence 

signals at two crank anglesp simultaneously. This Version of the 

program is suitable for high engine npoadc., e. g. 2000 PPM. In this 

case a data bloc, '1, z". 
'of 2048 worda can be uced. 

IL 

4 BS 2048 
7 CL 2 

1.0 CL 3 
13 L2 
16 RA 
18 X> I 
21 -#- 0.540 
25 CL 0 17 2048 
30 A+ 2 
33-0- 0 17 
37 X> 2 
40 X< I 
43 -*-- 0 573 
47 CL 0 17 2048 
52 A+ 3 
55 -0 17 
59 X> 3 
62 YA 2 120 
67 X< 2 
70 L3 
73 X> 1 
76 L4 
79 P10 16 
84 1 17 
88 4 120 0 
93 F 
95 CL 002 

100 *- 
102 F 
104 Xý' I 
107 CL 2048 
112 
115 
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Vercion tio. 2 continued. 

118 111 
123 X> 
126 
130 
132 % 
134 l', 
139 IV 
144 X< 
147 A+ 
150 CL 
155 F 
160 D 
162 $ 

164 D 
167 X< 
169 M 
172 . 

0 

0 1024 

I 

0 1022 1027 
10 15 
1 

0 33 2015 

3 
3 2 0 

IL 

I 
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Version 110- 3 
An example of 4 'data preparation program for tho spectral 

analYsis of turbulence signals at six crank angles simultaneously. 
This version of the program is suitable for very high engino speeds 

e-a- 3500 RPM. In thin case a data block of 1024 data words can be 

used. 
IL1 
4 BS 4096 
7 CL 0 

10 CL I 
13 BS 1024 
16 L2 
19 RA 
21 X'> 1 

24 0 351 
28 CL 09 1024 

.. "53 A+ 2 
36 09 
1ý0 X2 
43 X< I 
46 0 APIL 
50 CL 09 1024 
55 A+ 3 

. 58 -0- 09 
62 X>31 
65 X< 
68 -0 306 
72 CL 09 1024 

. 
77 A+ 4 
80 09 
84 X> 4 
8? X< I 
90 --1- 0 270 
94 CL 09 1024 

99 A+. 5 

102 09 
106 X>5 
109 X< I 
112 0 198 
116 CL 09 1024 
121 A+ 6 
124 -o- 09 



Version ITO. 3 continued. 

128 X: 6 
131 X< 1 
134 f 0 162 
138 CL 0 9 
143 A+ 7 
146 ýI 0 9 
150 X: 7 
153 2 114 
158 . 

I 

1024 

/ 

31. 
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orsion No. 4 
SPECTRAL WLYSIS FOR INDIVIDUAL DATA RECORDS. 

This program is concerned with investigating the extent of cyclic 

variations in the turbulence characteristic parameters, Its input 

data consists of individual cycle samples of turbulehbe signals 
isolated at the particular crank angle of interest. The output 

results 6-t the program can be summarised 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 sample. 
1LI 

4 BS 64 

7 CL 

9 CL 1 

12 CL 2 

15 L2 

18 CL 

20 R 

22 F 

24 CL 00 

28 *- 

30 F 

32 0 188 

36 0 100 

40 X> II 
43 CL 11 64 
48 SI 
51 W10 
55 
58 X>- 1 
61 -*- 0 32 
65 7- 
67 % 
69 V1 0 33 
73 S1 
76 W10 32 
81 2 100 0 
86 
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APPENDIX 113 

VELOCITY PREDICTION 
Program 

The main objective of this program is to calculato 

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 

I 
the velocity signal. 

The program is fed with a continuous data record of 

the hot wire anemometer signal digitized as disýussed 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 the ICL computer, a 

certain intermediate storing facility for the calculated gas 

velocities is required for further analysis. Magnetic tapes, 

paper tapes or cards could be used for such purpose. The latter 

facility 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 investig; mtion. 

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. 
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The required input data for this program could bo 

summarised in the following groups of variables: 
. 

A completo statement describing the test conditions 

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 direction 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 tPe digitized data, the 

number of samples per cycle, the number. of complete 

cycles consisting of the data record, the firing order 

of the particular cylinder considered (relative to the 

reference 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. 



35. 

4. The characteristics of the hot wire anemometer used. 

This includes the values of wire opera#ng resistance 

and operating temperature, wire cold resistance, lead 

resistance, the wire length, the wire diameter, the 

temperature coefficient of resistance for the. . 

wire material and the electric resistivity of wire 

material. 

5. A statement about the signal conditioning for both 

the hot wire anemometer and the pressure transducer. 
I 

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. 

6. The sixth group of variables consists of the digitized 

data for the pressure trace 4or 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. 

7. The last group of variables represent the continuous 

trace of hot wire anemometer signals. 
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INPUT DATA 

NS Number of individual tests considered. 

VC(I) Coefficients of the dynamic viscosity function. 

CPNC(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 

graph plots. 

NC Number of cycles%analysed. 

NP Number of samples per cyclo. 

NEQ A control variable for selecting the appropriate 

current equation according to the anemometer system 

used in collecting the signal. 

NEQ =1 For WSA Aol system (100-sLtop resistanr. 

NEQ =2 For DISA: M system ( 50SL 

NEQ =3 For DISA M system ( 5-rL 

THROTTLING*(I) Description of throttle setting. 

DIRECTION*(I) Description of wires direction. 

YP* Vertical location of probe inside the combustion chamber. 

CR* Compression ratio of the engine. 

RPM* Engine speed. 

AMIN Minimum crank angle on the x-axis of a grap4 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. 

WAX 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 the 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). 

RI Polytropic exponent. 

RW Wire operating resistance (ohms). 

RC Wire cold resistance (ohrii). 

RL Probe lead resistance (ohms). 

TIV Wire operating temperature (OC). 

To Reference temperature (OC). 

PO Reference pressure ( N412 

D Wire diameter (m). 

z Wire length (m). 

ALPHA Temperature coefficient for wire material U00. 

BETD Coefficient of electric resistivity for wire material 

at the reference temperature To (J", mt). 
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OUTPUT DATA 

CA(I) Crank angles (degrees). 

T(I) Gas temporature (OC) 

P(I) Gas pressure (N1m 2 

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

BV(I) Bridge voltage. 

Ileat transfer coefficient (W/M 2 OC). 

VEM Gas velocity (m/sec) 

V51(i) Gas mean velocity averaged over NC number of cycles 

(m/sec). k 

---4 

It 

Jf 
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KM N220, N., NS1505 
LUFORTTIAN 
RUN "l 500 
MCUMIMIT SOURCOE 

LIBRARY (EDpSUBGROUPUSUB) 
LIBRARY ýEDSUBGROUPGRAF) 
LIBRARY (ED, SUBGROUPNAGF) 
PROGGRAM(N220) 
COMPACT 
1LIPUT 1 CRO 
OUTPUT 2 LPO 
ouTpuT 4 cpo 
TRACE 0 
END 

MASTER VELOCITY PREDICTION 

THE USE OF DIFFERENT OUTPUT PREPHIRALS ARE PERMISSIBLE BY ASSIGNI- 
GA VALUE OF 9 TO THE CORRESPONDING CONTROL VARIABLE AS FOLLOWING: 
NG FOR GRAPH PLOTTER. 
NPUNCH FOR CARD PUNCH. 
NWR FOR LINE PRINTER. 
NCPL NUBER OF CONSECUTIVE CYCLES PLOTTED. 
NCWR NUBER OF CYCLES PRINTED OUT. 
ITCYL CONTROL VARIABLE ALLOWING FOR ENGINE FIRING ORDER FOR A 

FIXED TRIGGER LOCATION. 
NEQ SELECTOR FOR USE OF APROPIATE BRIDGE EQUATION. 
', NP NUP1,13ER OF SAMPLES PER CYCLE. 
NC 1,1UMBER OF CYCLES ANALYZED. 
DTAI NU14BER OF FIRST DATA POINT ON THE CYCLE. 
DIMENSION CA (400), T(400) sP 

(400), BV(400), VE(401: 0, BETA (400), RG(400).. 
*TITLE(6), wi(4oo) 

COMMION/PROP/VC(9), CPAC(9) 
READ(l., 1010 NS 
READý1,1020 (VC(I)., I=lt9) 
IREAD 1,1020 . 

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

, 1030.1AMIN, AMAX, VMIN, VT-lAX, AINS, VINS 
DO 5000 IS -=ljNS 

. 1101 0 )NG.,, ZUNCH., NCPL, NC11R., NCYL., NZEQ., NP, NC, NAI READ 1 
READ 1,1015 m., 
READ 1,1030 RW., RCRLITW., TO., PO., D., Z., ALPHABFTO 
READ 12 1030 A, B, SFP, E 
READ 1,1030)RPM, CR 
R EAD 1. lo4oý(TITLE I)., I=1., 2) 
ýEAD11,1040)(TITLEýyip)sI-. 

t. -3., 6) 
IF(NPUNCH. NE. 9) GO TO 5 
IF(IS. EQ. lý WRITE 4,1010 NS 
IF(IS-EQ-1) WRITE 4,1050ýAMIN AMAX,, VMIN., VMAX., AINS., VINS 
WRITEý4,1060 RPM, TITLE(L), L=21,2), *CR., YP.. (TITLE(L), L=3,6), NC., NP 
WRITE (4,1010 

Z, 
NC 

5 CONTINUE 
SS=720. /FLOAT(NP) 
11 CR ---N P/ 10 
! FýýNCR*10). LT. NP)NCR=NCR 1 
IF NG. EQ. q). AND. (IS. EQ. 11) CALL U-TPOP 
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READ(1,, 1050)(P(I), I=1, NP) 
NPM=NP/8+1 
NPME=7*NP/8 
D010I=l NPM 

10 sp=sp+pýi) 
P(1)=Sp/ljpm 
D320I=1, NPM 

20 
PMi+)ýppM(EM=P(l) 

prv --p 
(i) 

D030I, 1., NP 
IF (P (I) 

- LT. PMN) P (I) = PM 
P(Iý=(((P(I)-PMN)*SFP)+14.7)*6895- 
T(I =ýTO+273-)*(ýP(I)/PO)**E)-273- 
COEF =(1 +ALPHA* I) -TO) 
RG(I =RC*COEF 

30 BETAýl)=BETO*COEF 
MRI--O 
D0200JC=1, NC 
IF((NCYL. EQ. 0). OR. (JC. NE. 1)) GO TO 50 
NI=IIINT(FLOAT(NP)*FLOtkT(NCYL)/8. ) 
NX=NI+NP 
NPP=NX110 
IF((NPP*10). LT. NX)NPP=NPP+l 
NPC=NPP*10 

A; 
NPC-NI-NP+l MRE 

REA (1, 
-1050)(BV(I), I=1$NPC) 

Do 40 I=NINPC 

ho BV(M)=A*BV(I)+B 
G13T070 

50 NX==NP-MRI 
NPP=NX/10 
IF((NPP*10). LT. NX)NPP=NPP+l 
NPC=NPP*10 
MRE=NPC-NX 
READ00050) (BV(MRI+I), I=1.. NPC) 
MI=MRI+l 
ME=MRI+NPC 
Do6oi=p, ii., mE 

6o BV(I)=A*BV(I)+B 
70 CONTINUE 

WRITE(2., 1010) NCYL, NP., NCNEQ 
WRITE(211020) RW, RL.. TWjTO., PO.. D., Z, ALPHA.. BETO 
NLAST = NLAST +NPC 
J2=0 
D080I=1, NP 
IF(NEQ. EQ. 1) CUR = BV I)/ 100. +RL+RW) 
IF NEQ. EQ. 2) CUR -BV fl/ 50. +RL+RW) 
IF NEQ. EQ, -3) CUR = Dv 1 5. +RL+RW) 
CA I) =SS*(I+NAI) 
CALLDF(T(I) TWCUR$RWRG(I), BETA(I), Z$DALPHA, P(I), VE(l), H, M) 
IF(J2. EQ-51jJ2=0 
IF((J2. EQ. 0). AND. (JC. LE. NCWR))WRITE(2,, 1070)RPM., (TITLE(L).. L=1., 2), CR 

*, YP, (TITLE (L), L=3j, 6)., ic 
J2=J2+1 
IF(JC. GT. NCWR)GOTOBO 
WRIT:,,; ('-'; 1 08, J)0 A (I), T (I)., P (I), BV(I), VE(I), 11, M 
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120 CONTINUE 
DO 85 IM =1 NP 

IF (JC. EQ. 1 5VM (IM) ---0.0 VIM IM)=VM(IM)+VE(IM 
IF JC. NE. NC ) GO TO 

ý5 

VM IM) =Vll(IM)/NC 
85 CONTINUE 

IF (NG. NE. 9) GOTO 90 
IF (JC. GT. NCPL) GOTO 90 
CALLUTP4A(AMIN, AMAXJfVr4IN VMAX., AINS., VINS., 2311 Cf3ANK ANGLE 

16HVELOCITY ( /SE ) 3 * 
(DEGREES). 

M C 
., 
2 

., 
3., 

CALLGRID(AMIN, AMAX., VfýIIN. gVr4AX,, AINS , VINS) 
, CALT, UTp4B(CAIVE, NP, 2) 

90 CONTINUE 
IF (NPUNCH. NE. 9) GOTO 110 
DO 1 OOIX =1 , NCR 
mx=(IX-1 )*10 

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

D0120IR=1,, MRE, 
L=NP+IR 

120 BV(IR)=BV(L) 
MRI=MRE 

200 CONTINUE 
WRITE(2j990) (VM(IM)., IM=1., NP) 
IF (NG. NE. 9) GO TO 300 
CALLuTp4AkAMIN, AMAX, VP. IIN, VI, IAX AINS., VINS., 23H CRANK ANGLE 

21H MEAN VELOCITY (ýVSEC) * 3 5 (DEGREES) 

., , ., ,3 . CALLGRID(AMIN, AMAX, Vr4IN., VMAX, AINS , VINS) 
. CALLUTP4B(CA, VP4, NP, 2) 

300 CONTINUE 
goo F3R, %kT(10(2XF8 3j) 

NXY (NMAX-NLAH /10 
IF (NXY. EQ. 0) GO TO 5000 
Do 4000 IXY =1 NXY 
READ(lP1050 ýBV(I). j=l., 10) 

4000 CONTINUE 
NLAST --0 - 

5000 CONTINUE 
1010 FORMIAT(2X 1013) 

FORMAT 214) 01 1 5 
0r '020 F RMAT 3E20 12) 

030 FORMAT 10FO-0) 
040 FORMAT 1OA8) 

1 

1050 FORMAT 2XIlOF7.3) 
1060 FORMAT 2X, l ENGINE SPEED = l., F7.2, '(RPM)', 2A8, ' COMPRESSION RATIO 

1 =IF2.0,1: 1'/' PROBE VERTICAL LOCATION =l,, F5.2., '(fTm, )' 
., 

4A8/' NU 
21ilBER OF CYCLES ANALYZED :: ', 13., ' NUKBEER OF SAMPLES PER CYCLE =,., 13) 

1070 FORMAT(lH1., ' M`EASUREMENT OF GAS VELOCITIES INSIDE A COMB 
I JUSTIOIN CHArTBER 03F A S. I. ENGINE; // 

2ENGINE SPEED ='., F7-2., '(RPM)',, 2A ,' COMPRESSION RATIO =1 , $F2 Ost: 1 
3'//' PROBE VERTICAL LOCATION =v F5: 2)1(r01 
4)1., 4A8,1 CYCLE lq'MTBER =', I2//' CRANK ANGLE TEMPERATUR 
5E PRESSURE BRIDGE VOLTS VELOCITY H NO. OF I 
6TERATIONS '//) 

09ý0 FORMATý12XIF8.4,5X., 5E14 6 5X., I4) 
2X 0F I i ) 

j 3., 1090 FORMAT 2Xl 7-3, 3 
CALLUTPCL 
STOP 
END 
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SUBBOUTI14E DF(TOTWj CUR, RI'll RCy BET03Z., D., ALPITA., P: V,, ffpNI) 
CAL'CULATES GAS VELOCITY FOR A HOT WIRE. ANEMOMETER IN AIR USING 
DAVIES AND FISCHER EQUATTON FOR V- F(11) 
PARAMETERS 
TO- AMBIENT TEMPERATURE 
TW- WIRE OPERATING TEMPERATURE. 
CUR- WIRE CURRENT. 
RW- WIRE OPERATING RESISTANCE. 
RC- WIRE COLD RESISTANCE AT TEMPERATURE TO. 
BETO-WIRE RESISTIVITY AT TEMPERATURE TO 
Z- WIRE T(3TAL LENGTH. 
D- WIRE DIAMETER. 
ALPHA-WIRE MATERIAL 1ST TEMPERATURE COEF. OF RESISTANCE. 
P_ AMBIENT PRESSURE. 
V- CALCULATED VELOCITY. 
H-- HEAT TRANSFER COEFICIENT. 
m_ NUMBER OF ITERATION LOOPS C0111PLETED IN SUBROUTINE CJMIT. 
REAL Kl 
CO, i', YION/PROP/V-C(9)., CPAC(9) 
PI= 3.141592654 
VTO= VT(VC., 0.00001717. PO O., TOj-139-5) 
CNTO= CNTý0.02435., O * 0,0: 82., TD) 
CPTO= CPT CPAC, TOj9) 
CVTO= CPTO/1.403 
RHO= P*28.93/(8314.3*(TO+273. )) 
CNTI- CNT(O. 02435., O. O., 0.82,, Tll) 
CALL HTRANS(H., Kl3CUR3RW)RCiTWTO.. BEýTO.. Z., D., ALPIIAr4) 
IF(H. GT. 99999999-0) COTO 1 
Gl= H*PI*CWiiO/(2.6*CVTO*CNTI) 
G2= D/VTO 
FC= ((TW+273. )/(TO+273 ))**0.3 
V-= (Gl**3-)*(G2**2. )*Fý/RH0 
RETURN 

1 WRITE(2,2) Kl 
2 FORMAT(29H ITERATION FAILURE IN DF IER=, El2.4) 

RETURN 
END 

I 

SUBROUTINE CJMIT(XVl., V2., V3., V4., F., riýlXLI, XRI, EPSIENDIER, M) 
C SOLVES GENERAL NON-LINEAR EQUATIONS Oý THE FORM Pli(X, AB, C2D)--O 
C BY*MUELLERS ITERATION 1, =. HOD 
C PARAMETER FN CALLS AN EXTERNAL FUNCTIOU SUPPLIED BY THE USER 
C DESCRIPTION OF PARAMETERS 
C X- RESULTANT ROOT OF EQUATION FN(X, A, B., C., D)=O 
C Vl-V4 VALUES OF CONSTANTS A, BCpD 
C FN- NAME OF EXTERNAL FUNCTION USED 
C XLI-INITIAL LEFT BOUND OF THE ROOT X. 
C XRI-INITIAL RIGHT BOUND OF THE ROOT X 
C EPS-UPPER BOUND OF THE ERROR OF RESULT X 

"EPS SPECIFIED C IEND-MAX hWE3EIR OF ITERATION SA 
'SULTANT ER'i, 39 PARAMETER C IER-RE; 

C ITER=l NO CONVERGENCE AFTER IEND ITERATIONS FOLLOWED 
C BY IEND SUCCESSIVE STEEPS OF BISECTION. 
C IER=2 BASIC ASSUMPTION FN(XLI)xFN(XRI)LESS THAN ZERO 
C IS 'NOT SATISFIED. 
C IER--O NO ERROR 
C SOLUTION OF EQUATION FN(X., A, B,, C,, D)=O IS ACHIEVED BY 14EANS OF 
C MUELLEERS ITERATION METHOD OF SUCCESSIVE BISECTION AND INVERSE 

C PARABOLIC INTERPOLATION., WHICH STARTS AT THE INITIAL BOUNDS XLI 

C AND XRI. CONVERGENCE IS QUADRATIC IF THE DERIVATIVE OF FN AT THE 

C ROOT X IS NOT EQUAL TO ZERO. OlTE ITERATION REQUIRES TWO 

9 N (1, 
-ýJ, 11, 
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C EVALUATIONS OF FN (X, A, D, C, D). 
r- C, FOR REFERENCE SEE G. K. KRISTIANSENZEnO OF ARBITARY FUNCTIONSBTT, 
C VOL3 (1963), PP205-206. 
C 
C PREPARE ITERATION 

IER=O 
XL=XLI 
XR--ýXRI 
X --! --XL TOL= X 
F- FkT(TOLV1, V2 , V3, V4) 

. IF(F) 1516,1 
1 FL-F 

X=XR 
TOL= X 
F= FN(TOL Vl V2 v3, v4) " IF(F) 2., lý., 2 

2 FR=F 
IF(SIG, N(l. 00, FL)+SIGN(l. 00, FR)) 25s3,25 

C BASIC ASSUMPTION FL*FR LESS THAN 0 SATISFIED. 
c GENERATE TOLERANCE FOR.. FUNCTION VALUES. 

3 I=O 
10 0.0-, EP S 

C START ITERATION LOOP 
4 i=i+i 

14= I 
C START BISECTION LOOP 

DO 13 K-1., IEND 
Xý 0.5* (XL+XR) 
TOL -=X 
F= FN(TOL vi., v2,, v3., v4) 
IF(F) 5.0ý, 5 

5 IF(SIGN(l . 00, F)+SIGN(1-00,1'R)) 7., 6. 
t7 C INTERCHANGE XL AND XR IN ORDER TO GET SAME SIGN IN FL AND FR 

6 TOL= XL 
)M=XR 
XR= TOL 
TOL= FL 
FL=r, R 
FR = TOL 

7 TOL= F-FL 
A= F*TOL 
A-=A+A 

-IF(A-FR*(FR-FL)) 
8,9,9 

3 IF(I-IEND) 7yl7,9 
9 XR=X 

FR=F 
C TEST ON SATISFACTORY ACCURACY IN BISECTION L, 00P 

r3L= EPS 
A= ABS(. "R 
IF(A-1-0 l'sll., 10 

10 TDL= TOL*A 
11 IF(ABS(XR-XL -TOL) 12 12 13 Z 

O ) 4 k 
12 -T LF IF(ABS(FR- l pl , 13 
13 CONTINUE 

C END BISECTION LOOP 
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110 CO, GENICE AFTER IEND ITMATIONS, AND BISECTIONS 
SET IER--l ERROR RETURN. 
IER= 1 

14 IF(ABS(FR)-ABS(FL)) 16,16,15 
15 X=XL 

F=FL 
16 RETURN 

C 

C 

C 

C 

C 

COMPUTATION OF ITERATED X-VALUE BY INVERSE PARABOLIC INTERPOLATION 
17 A=FR-F 

DX=(X-XL)*FL*(1.00+F*(A-TOL)/(A*(FR-FL)))/TOL 
XM=X 
FM=F 
X=XL-DX 
TOL=X 
F= FN(TOL,, VlV2,, v3., v4) 
IF(F) 18,16,18 
TEST ON SATISFACTORY ACCURACY IN ITERATION LOOP 

18 TOL= EPS 
A=ABS(X) 
IF(A-1.00) 20, ý20319 

.;,, 
TOL= TOL*A 10 

20 IFýABSý., "X)-TOL) 21., 21,, 22 
21 IF ABS F)-TOLF) 16,16,22 

PREPARATION OF ITEXT BISECTION LOOP 
22 IF(SIGN(l. 00, F)+SIGN(l. 00, FL)) 24,23,24 
23 XR=X 

FR=F 
GOTO 4 

24 XL-, -x 
FL =F 
XR =ý(M 
FR=FM 
END ITERATION' 
GOTo 4 
ERROR REURN IN CASE OF WRONG INPUT DATA. 

25 IER= 2 
RETURN 
END 

SUBROUTINE 11TRANTS (I-TILK1., CUR, RW, ROTWTO, BETO., Z, D, ELP, M) 
CALCULATES THE HEAT TRANSFER COEFICIENT FOR A FINE WIRE IN A 
CROSS FIL-06-! CF GAS. 
IT 
1- lif-E, "AT TRAN'SFER COEFICTENT. 

Kl- FU14CTION VARIABLE. 
CUR-IJI, 73E CURRENT. 
RI-1- WIFE OPERATING RESIS7AIITCE. 

^7 AT TETV'PERATURE TO Rr-l- WIFE RESISTADKo- 
TT. -l- WI: -"--- C-PERATING TEMPERATURE. 
TO- REFERENCE AMBIENT TEMPERATURE. 
BETO-RESISTIVITY OF WIRE 1', IATERIAL AT TO., 
Z- TOTAL WIRE LENGTH. 
D- WIRE DIArlETER. 
ELP- FIRST TEMPERATURE COEFICIENT OF RESISTANCE FOR WIRE MATERIAL. 
M- NO OF ITERATIONS EXECUTED IN CJMIT. 



ADDITIONAL SU-BROUT INES REQUTRED- CJMftFK1. 
FOR REI'Et37,1'. ,I '(', E- SEEE INTERNAL REP"RT. 
REAL Kl 
DIMIENSICil'il FN(20) 
EXTERNAL FK1 
PI= 3.141592654 
A= PI*D\D/11 
CNIIS= 2.23-x (TC+273 

. 3) -BETO) CN'. -IT ý 2.23; i (T'ý-I+273 / 10 * %- -. x. 3) -x 3ETO -x (1 +ELP, + (TW-TO ))) 
Gl CUR*CTJR*Rl-l/(AACNWT*/L* (T, -I-TO) 
G2 2*C "T ,t3,7 *C WT *RW 
G3= (1311-ROWRI'l 
G4= Z/2 
XL= 0.01 
XR= 10. **(12. ) 
EPS= 10. **(-7) 
IENDý- 100 
CALL CJflIT(KlGl., G2., a3, C, 4., FFK1., XL. ýXREPS,, IEDID., IERIM) 
IF(IER. LT. 1) GOTO 1 
H= 100000000.0 
CUR= F 
Kl= IER 
RETURN 
CONTINUE 
Kl- ABS(Kl) 
H= (KI * CIIA'I, -IT*A+CUR* CUR *ELP *Ro/Z )/(P I* D) 
RETUFV 
END 

C 
C 
C 
C 
C 
C 
C 
C 

FUNCTION VT(CFsVOTDjTTjTC) 
CALCULATEES THE D-YT. TAfriTC ý-`ISCOSITY OF A CAS AT TEMPERATURE TT. 
INPUT PARA. TýIETERS. I 
CF- POLYNOMIAL COEFICIENTS FOR VISCOSITY FUNCTION VALUES. 
VO- VISCOSITY AT REFERE'. 41%'. P'z'. TEt., "-PERATURE TO. 
TO- REFE13ENCE TEMPERATURE 
TT- GAS T=FERATLUR3. 
TC- TlElr. "IPERATURE OF GAS AT ITS CRITICAL POINT. 
FOR REF. SEE REID AND SHERWOODPROPERTIES OF GASES 
CHAPTER 6, PUBLTSIIERS N. C. CRAW-11ILL. 
DITýFNSIM, l CF 9), X(2), F(2) 
Ti'll- (TO+273 /(TC+273 
TR2= (TT+273 /(TC+27fl 
Xý I ý= 1.33*TRl 
X(-2 = l-3'3*TR2 
DO 2 Iý192 
F(I)= 0.0 
D, '-l 1J -- 1,9 

1F (I) =F (1) +CF 
2 C'l TI -ý XE 

VT= VD*F(2)/F(I 
RETURN 
END 

AND L'F(I; ),, UIDS, 

45 
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FUNCTION FK1(KlGlG2, G3, G4) 
EXTERN11AL FUNCTION T3 CMIT. 

EAT T 'C, DESCRIBES THE ML RAIý A 1l1, *. 'A'., 'Er. - WIRE IN A CROSS FLOW OF 
GAS. 
INPUT PARAMETERS. 
Kl- ITERATION VARIABLE. 

(ABS (H*P I*D/C. Nl-lT-CT, -TR-'f- CUII-! ' ALP IIA. *PO/(Cl-, Tl,. 'T*Z) 
Gl- EQUAT"ON CONTSTAIT2. (CUR-x CUP, *: 3t-/. (A*ClJl-lT -, *ý Z* TI-1-TO) 

M G2- EQUATION CONSTA. Mj((2*Cý\ '[WS*RO/ (', 
-', *CMIT*RW)) 

G3- EZJATIOlN CONSTANT RW-RO)/Rl, [) 
G4-EQUATION CONSTANT. (Z/2) 
REAL KI KA KSA 
KA= ABSIK15 
KSA= SQRT(KA) 

FK1= Gl*(l-G2*TPIIH(KSA*G4)/KSA-G3)-IýA 
RETURN 
END 

FUNCTION CNT(CNO, TO, P., TT) 
C INPUT PARAMETERS. 

'URE. C CNO- THERMAL C014DUCTIVITY AT REFERENCE TEMPERA,. 
c TO-REFERENICE TEMPERATU'll-E,, 

'PA-FtTICULAF CA c PPOWE. 1 FOR . UNDER CONSIDERATION. 
C FINDS THE THIERMAL COND OF A SINGLE GAS AT TEMPERATURE TT 
C FOR REFERENCE SEE TSEDE, ', qBERGTHER',, IAL CO'L; DUCfl-VI'-ry OF GASES AND 
c LIQUIDS., CHAPTER 3JUBLISHERS Alrl"ý'-, -ILD. 

C'--! T= CýTO-*(o, '(TT+273)/(TO+273))**Pj 
RETURN 
END 

FUNCTION CPT (AC, T., 14) 
C FINDS THE SPECIFIC HEAT OF A SINGLE GAS AT TEMP T 
C BY POLYNOMIAL FIT TO PUBLISHED DATA.. 
C INPUT PA711? 'ýETEFS. 
C AC- 1-D ARRAY OF LENGTH N CONTAINING THE COEFICIENTS. 
C T-- GAS TEMPERATURE. 
C N- ORDER OF POUZNOMIAL +1 

DIr--lENSION AC(9) 
CPT= 0.0 
DO 1 I=ltN 
CPT= CPT+AC(I)*(T--ý*(I-1)) 

1 CONITINUE 
RETURN 
END 
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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, therefore, of a complementary part of 

the statistical analysis of turbulence analysis which will be 

discussed in Appendix B5. The input data to this program are 

obviously the output results of the program 'VELOCITY PREDICTION' 

discussed in Appendix B3. 

The calculations are carried out to give the statistical 

characteristics of the data in terms of: 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 

andpeakinoss in the probabi lity distribution of the data, which 

will show any deviations from the normal distribution usually 

assumed. 

ýAM 
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INPUT DATA 

NS Number of individual tests considered. 

TITLE(I) Description of each individual test condition. 

NP Number of samples per cycle. 

NC Number of cycles analysed. 

V(I), J) Instantaneous mean gas velocity at the crank 

angle of index I and the cycle number of index 

J. 

OUTPUT DATA 

CA(MP) Crank angle of index (LIP). 

VM(MP) Mean velocity over a number of cycles (NC). 

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

the crank angle of ifdex (LIP) over a number of 

cycles (NC). 

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

velocity occUrred. 

LIN The cycle number (index) where the minimum value of 

velocity occurred. 

SD(MP) Standard deviation of the gas velocity at the crank 

angle of index (LIP). 

SDM(MP) Coefficient of variation of gas velocity at the 

crank angle of index (hip). 

SKOV Skewness factor at the particular crank angle 

considered. 
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OUTPUr DATA (continued) 

KURT Kurtosis factor at the particular crank angle 

considered. 

CVR Range of variation of gas velocity at any particular 

crank angle considered. 

If 

/ 
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J, '--)T3 N230., NNS1505 
LUFORTRAN 
RUN , 1500 
lwn- LUME 7500 
J03CORE 30000 
CARDLIST 
DOCUMENT SOURCE 

LIBRARY (ED., SUBGROUPUSUB 
LIBRARY EDSUBGROUPGRAF 
LIBRARY 

ýEDISUBGROUPNAGF 

PROGRAM(N230) 
COMPACT 
INPUT 1 CRO 
OUTPUT 2 LPO 
TRACE 0 
END 

MASTER STATISTICAL ANALYSIS 
C 

REAL KURT 
DIMENSION v(4oo, 12), Vr, 1(400)., Vr. IN(400)., VrIX(400), SD(400)., SDM(400)., 

*TITLE(400), CA(400) 
DIMENSION X 1800) 
CALL UTPOP 
READ(1,111) NS 
READ(1., 444) AD4INAMAX., WIIN., VrTAXAINS., VINS 
Do 10 IS ý1., NS 
READ(1,33fl (TITLE (I), 1-1., 30) 
READ(11111 NP., NC 
DO 1J -- 1 NC 
READ(1.444ý (V(I, J), I=1, NP) 

1 CONTINUE 
SS = 720. /N? 
JW =0 
DO 6 r4p =1., NP 
Sv --0.0 
DO 2 J=1, NC 

2 SV = SV+V(IIpsj) 
VM(MP) = SV/NC 
svs., w3., mr4 --o. o 
DO 3J= ljNC 
SvS = SVS+ v (mp., J) *v (mP. 

P i DV = V(MP, J)-%? T, ', (MP) 
DV3 = DV*DV*D%r+DV3 

3 Dv4 = Dv4+D%73*DV 
Yl = , 'M(MP)*VM(MP)*NC 
VAR = (SVS-Yl )/(NC-1 
SD(TIP) SQRT(VAR) 
SDM(MP) SD(MP)/VTI(P, 'P)*100. 
SD3 SD(MP)*VAR 
SD4 VAR*VAR 
SKF., l D%r3/ (SD3 * (NC -1 
KURT DV4/ SD4*tNC-3)) 
WhN (MP ). 

$ wix 
ý 
mp) =v (MP., 1 

Do 41 =1, NC 
IF(Vl, lN(MP). LT. V(MPj, J)) GO To 4 
VMN( 
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vm(mp) = V(%,,: P., J) 
MN =J 4 C014TIN-LJE 
DO 5 J=1., NC 
IF(VMX(r4P). GT. V(MP., J)) GO TO 5 
wqx(MP) = V(D', P, J) 
MX =j 

5 COITrINUE 
CA(MP) = SS*MP 
CVR = (-vmx(mp)-VriN(MP)),., 'Vm(MP)*100. 
IFýJV. EQ-50) JW--O 
IF JW. EQ. 0) VIRITE(2., 555) (TITLE(I), I=1., 30) 
JW = JW+l_ 
WRITE(2,666) CA(MP), VTvl(MP), WIX(Mp)., MtVMN(MP), T4N , SD(f. IP), SDM(MP), 

. *SKEW, KURT, CVR 
6 Comm 

, SMMX) CALL MAXIMUM (SDMNP 
, CALL MAXIMUM (SDjNP., SDlMX) 

CALL UTp4A(AMIN., Ar4AX., VlvlIN VTIAXAINS., VINS., 23H CRANK 
, 16HMEAN VEL (M/SEq), 2) *) ,3 

ANGLE (DEGREES 

. . CALL GRID (AMINAMAXVMIN., -ýIMAXAINSVINS) 
, NP, 2) CALL uTp4B(CAVM 
. CALL uTp4A(AMIN, AMAXVMINVr4AXAINS., VINS., 23H CRANK ANGLE (DEGREES 

, 15HMAX AND MIN VEL, 2) *) ,3 . . CALL GRID (AMINAI. IAX., VT4INVMAXAINS., VINS) 
CALL uTp4B CA., WNll., NP., 2) 
CALL uTp4B 

ýCA, 
VMXNP,. 2) 

CALL UTp4A(o. 0,720., O. O, SDiMX., 8.., 5., 2311 CRANK ANGLE (DEGREES) 
, 3,24 

*HSTANDARD DEVIATION M/SEC33) . 
CALL GRID(O. 0,720., O 0, SDMX, 8., 5.0) 
CALL uTp4B(CASDNP, ý) 

CALL =4Aý0.0,720 , 0-0., SM'lllX., 8-., 5-, 23H CRANK ANGLE 
, 24 (j-)EGREES) 

,3 *HCOEFF-OF VAR. S(U5/U*lOOj3) . . 

, SMMX CALL GRID(O. OJ20,0 O , 
8., 5.0) 

. . CALL UTP4B (CASDMNý, 2) 
10 CONTINUE 

CALL UTPCL 
111 FORMAT(2X., 6I3) 
222 FORMAT 6FO. 0) 
333 FORMAT 10A8) 
444 FORIMAT 2XIlOF7.3) 
555 FORMAT(lHlt STATISTICAL ANALYSIS OF GAS MOTION 

INSIDE A CYLINDER OF A S. I. ENGI14E 

1,10A8/ 
1.11OA8// 

C. A. ýEAN VEL MAX VEL CY NO 14111 VEL CY NO S. D. MEA14 S 
D.,, 5 SKEW KURT COEF OF VARý5t 

666 FC3Ri"4AT(2X., F6.2., 3X., F7.3,2X., F7.3,2XI3., -X, F7.3,2XI3,2X., F7-3)2X., F7.3 
*. v3X, F8.4., 3X: F8.4., 3Xj, F8.4) 

STOP 
END 
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SUBROUTINE r4AXIt-RFl,, l (X, NP, XMAX) 
DIMENSION X(200) 
XMAX =X(1) 
DO 1 I=1.. NP 
IF(Xt. IAX. GT. X(I)) GO TO 1 
XVIAX -X (I) 
CONTINUE 
VMAX = (NINT(XIMX/5. )+l. )*5. 
RETURN 
E'N D 

SUBROUTINE GRID (XMIN,, )GlAX, YMIN,, YDIAX,, XINS. 9 YINS 
C DRAWS A GRID ON A SET OF AXES PROVIDED BY UTN4A IN THE MASTER 

DIMMISION X(2),. Y(2) 
NX= IFIX(XINS) 
NY= IFIX(YINS) 
XI= )MIN 
Y1= YMIN 
Y2= WTAX 
DX= (XlfiAX-XMIN)/XINS 
DO 11 =1 j, HX 
X(l )= ý(l +DX 
X(2)= X(lý 

1 CALL uTp4B(X., Y., 2., 3) 
X(1)= MIN 
DY= (YMAX-YMIN)/YINS 
DO 2 I=1., ITY 

Y1 
ý+Dy Yý2fl: Yýl 

2 CALL uTp4B(XY, 2,3) 
RETURN 
END 
FINISH 
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APPENDIX D5 

TURBULENCE ANALYSIS 
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 turbulonco 

characteristics include the following parameters: 

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

b) Intensities of turbulence, Int 100. 

c) Time micro-scales of turbulence, (I 
t 

d) Length micro-scales of turbulence, ( 

e) Length macro-scales of turbulence, CCJ. 
x 

It 
The mean gas velocities and the mean bridge voltages, over the 

number oi cycles considered (5 and E), 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. 

Rt' 

lb t 

c) Values of the integral time scale 
01b, 

Lt Rý (dt) (B20) 

This program requires also the digitized signal of 

the mean bridge voltage for a number of consecutive cycles, 

the characteristics of the hot wire anemometer used in 

collecting the signal and f inally the f luid properties at 

the different crank angles considered in the program. 

A listing of the MASTER segment of the TURBULENCE 

ANALYSIS I program is given at the end of-Lhfdlýppendix. 

All the subroutines and functions required for this program are 
1- 

the same as for the VELOCITY PREDICTION program and are not 
I 

repeated, therefore, in this appendix. 

/ 
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INPUT DATA 

AX(I) String of characters used for the graph plot. 

VC(I) Coefficients of the dynamic viscosity function. 

CPAC(I) Coefficients of the specific heat at constant 

pressure function. 

NS Number of individual tests considorod. 

CASEM Description of each test condition. 

N CYL Firing order of any-particular cylinder, relative 

to the reference cylinder, used in setting the 

timing mark. 

NANG(K) Number of crank angles at which turbulence 

analysis are required. 

NC Number of complete consecutive cycles from the 

mean bridge voltage trace. 

NP Number of samples peit cycle. 

N Total number of samples on the continuous data 

record of mean bridge voltage. 

NEQ A control variable for the selection of the 

appropriate anemometer system current equation. 

NEQ =I For DISA Aol system (100SLtop resistance)l 

NEQ =2 For DISA bf system 50 Y 
i 

NEQ =3 For DISA hl system 5 -SL 

N GRAPH A control variable for calling the graph plotter 

section of the program if its input value = 9. 

ANGLE (1, K)* Values of crank angles at which turbulence analyses 

are required. 

t 
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VhIS(I, K) blean square values of fluctuating voltage 

components. 

MICRO (I, K) Second derivative of auto-corrolation coefficient 

at zero time delay. 

MACRO (1, K) Integral time scale of turbulence 11t (t) dt 

P(I) Gas pressures (Nlm 2) 

T(I) Gas temperatures (OC) 

A Biased DC level from mean bridge voltage trace. 

B Attenuation factor on the recorded mean bridge 

voltage trace. 

G Attenuation factor on the recorded turbulence 

signal. 

Digitized values of mean bridge voltage. 

(RIV, RC, RL, MV, TO, PO, D, Z, ALPHA, BETA, These groups of variables 

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

Appendix B3). 

f 
Subscripts I refer to a particular crank angle index and X to 

the particular test considered. 
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OUTPUT DATA 

ANGLE (J, K) Values of crank angles at which iurbulenco 

analysis are carried out (degrees). 

BVM Mean value of the bridge voltage at a particular 

crank angle (volts). 

INTENSITY (J, K) Turbulence intensities,, (%). 

MICRO (J, K) Time micro-scale of turbulence (see). 

MICROL (J, K) Length micro-scalo of turbulence (mm). 

MACRO (J, K) Time macro-scale of turbulence (see). 

MACROL (J, K) Length macro-scale of turbulence (mm). 

VMS (JOK) Mean square value of fluctuating voltage component 

(volts). 

U (J, K) Fluctuating velocity component (m/sec). 

VM (J, K) Mean gas velocity over a numbd-f'of cycles (m/sec). 

It 
Subscripts, J the particular crank angle index. 

K the particular test index. 
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JOB ý1250, N., NS1505 
' 9F, 32000 Jr).! '! C, D 

LUFORTRAN 
i, 3U',,., ., 1500 
DCUMENT SOURCE 

LIBRARY EDSUBGROUPGRAF ý ý 
LIBRARY EDSUBGROUPUSUB 
LIBRARY( EDjSUBGR3U? NAGF) 
PROGRAMk N250). 
COMPACT 
INPUT 1 = CRO 
OUTPUT2 =-LP0 
TRACE 2 
END 

MASTER TURBULENCE ANALYSIS I 
c 

REAL INTENSITY(12., 10)., MICRO(12,10), MICROL(12., 10)., MACRO(12,10)ý,. 
WACROL (12,10) 

DIMENýION Tý12)., P(12)., BETA(12)., RG(12)., VDI(1?., 19)., 
*ANGLEkl2plO WlS(12., 19), U(12 10 -xk7500)., Ykl2), NANCL(12) 

DIMENSION AXt20), CAS"ZklO)., XXtl2ý., YY(12) 
COMMOiN/PROP/`VC(9)., CPAC(9) 
READ001000) (AXkI), I=1,20) 
READ03666 vc (I)-, 1, -1 3 9) 
READý1,666 

ýCPACýI), 
I--l., 9) 

READ 1,111 NS 

Do 40 K=l NS 
READ 0,8ý (CASE(I) I=Ivlo) 
READý1,111 NCYL, NANG Z K), NC, NP, N, NEQ., NGRAPH 
REýD lt222 RW RC RL TW TO PO DZ ALPHABE-TOE, - 

A'D EE READ 11222 (ANG 
., 

NA 
READ 1,222 (VMS(ý, K) I=l NANM) 
READJ11222 (MICRO IK pI=31., NANGýK 

, I=l NANGkK READ 1,222)(MACR-0 I, 

fl 

READ 1., 222/1 (P(I), I=1, NANG K 
READ 1,222ý (TýI), 

-ý-), 
NANGJKýý 

R'EADýI., 222ý A,, B, G 
READklj333 (X(I), I=1, N) 
VRITE(2p389-ý (CASE(I), I=1., 10) 
WRITE (2,444 

DO 30 J=1.. NAIG(K 
DO 10 1 1, NANGffl 
BETA(I) = BETO*(l+ALPHA*ýT(I)-TOý 
RG(I) = RC* ( 1+AL? HA*%T(l)-T0)j 

10 C3NTINUE 
NSHIFT = IIINT (FLOAT (14P*NCYL)/3. 
SVI S. B7v--O. 0 
DO 20 I--nl., NC 
NX = NSHIFT +(I-I)*NP+NIi\IT ANGLE(JK)*FLOAT(NP)/720. ) 
Yl= (X(NX-1)+X(NX)+X(NX+1)ý/1. 
BV A*Yl+B 
SBV SBV+BV 
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IFýNEa. EQ. l) CUR BV/(100. +RW+RL) 
IF NEQ. EQ. 2) CUR BV/(50. +RW+RL) 
IF(NEQ. EQ-3) CUR BV/(5-0 +RW+RL 
CALL DF (T (J), Tlq, CUR., RW., RG(J), BETA 

ýJ),, 
Zo D, ALPHA) P (J) VE 11 M) 

SV = SV+VE 
20 CONTINUE 

BVM = ýBV/NC 
VM(J K)= SVINC 
VMS(j'., K) = 

;, ýlS(JK)*G *G 
INTENSITY (J3K) = SQRT(ABS(lir-lSýJK)))*6. /BVM*100. 
U(J, K) = Wl(J, K)*INTENýITY(J, K)/100. 

C MICROL(JjK) W4ACRO J3K) ARE CALCULATED IN (MM) 
MICROL(J, K) =MICRO JpK)*VM(J, K)*5/(10**2) 
MACROL(J, K) =MACRO JK)*VM(J., K)*(1000) 
WRITE(2 555) ANGLEIJ3K) BVM3VMS(J., K), VM(J, K))INTENSITY(J.. K)., U(JK) 

*., MACROLZ J, K) . MICROL(J, K) 
0 CONTINUE 
0 CONTINUE 

IF (NGRAPH. NE. 9) STOP 
CALL UTPOP 
vmAx 40. 
SFX 0.02 
CALLUTp4A(80. , 380.30.0.. TiýIAX. 96.., 5. jllHCRANK ANGLE., 2320HTURBULENCE 

*INTENSITY., 3) 
SFY= 5. /Vf4AX 
Do 60 K=l " NS 
DO 50 J=1., NANG(K 
XX(J) =ANGLE(JN 
YY(J) = INTENSITT(JK) 
XýJ) = ANGLE(JK)*SFX-1.6 
Y J) = INTENSITY(J,, K)*SFY 
CALL UTP3(AX(X)., X(J)., Y(J)., 2) 

50 CONTINUE 
CALL uTP4'B (XX, ' YY, NANG (K), 2) 

60 CONTINUE 
CALLuTp4A(80.380.., 0.0,6. o. 6.,, 6.., 11HCRANK ANGLE, 2119HTURBULENT 

*VELOCITY., 3) 
DO 80 K=l yNS DO 70 J=1, NANG(K) 
YY(J) = U(J, K) 
X LNuLE(JK)*SFX-1.6 %fl : 

UA(JK) 
CALL UTP3(AX(K), X(J), Y(J), 2) 

70 CONTINUE 
CALL uTp4B(XXYY., NANG(K), 2) 

, DO CONTINUE 
CALL UTP4A(8o.., 380.., 0.0,4., 6., 5., #11HCRAIIK ANGLE, 2,24HDIICROSCALE OF 

-y- TURBULENCE., 3) 
SFY , 1.25 
D0100 K=1., NS 
Do 90 J=1311ANG(K) 
XX(J) =ANGLE(J., K) 
yy(j) MICRO(J, K) 
XýJ) ANTC-LE, J: K 
Y J) MICRCIýJ., Ký*'--IPY 
CALL UTP3(AX(K), X(j)., Y(j).. 2) 

go C014TINUE 



GO. 

CALL UTP413(XXYY., NANG(K), 2) 
100 CONTINUE 

CALLUTP4A(30. s3,90. , 0-0jV11AX.. u 
-*V (m/sEC)., 3) -, 95-: 1111CRANK ANGLE, 2120MIEAN VELOCT 

SFY - 5. /V, 11AX 
DO 120 K=1, NS 
DO 110 J =1 .9 

NANG (K) 
XX(J) =ANGLE(J, K) 

yy(j) vm(i 10 
XýJ) ANGLEtJ, K)*SFX-1.6 
Y J) VM JjK)*SFY 
CALL UTMAX(K)yX(J), Y(J), 2) 

110 CONTINUE 
CALL UTp4B(XXYY, NANG(K)., 2) 

120 CONTINUE 
CALLUTp4A(8o. 3380.., O., 2.16. j5. jllHCRANK ANGLEj2jl9HSCALE OF TURBU 

*LENCE, 3) 
SFY = 2.5 
DO 140 K=1, NS 
DO 0 J=1., NANG(K) 

XXýJ) =ANGLE(J)K) 
YY(J) = MICROL(J K) 
Xff) = ANGLE(j 
Y J) = MICROL(ý, K)*SFY 
CALL UTP3(AX(K), X(J), Y(J), 2) 

130 CONTINUE 
CALL uTp4B(XXYY, NANG (K) 

p 2) 
140 CONTINUE 
ill FORMAT(loi4) 
222 FOR14AT ý 12FO. 0) 
333 FORMATý2X, 10F7-3) 
-. 144 FORMAT X11 CRANK ANGLE MEAN B. V. VVIS MEAN V 

*EL. INTENSITY TURBULENT VEL. MACRO-- MICRO 
555 FORýIAT(2X., El3. ý12X., El3.5., lX., 6(lX,, El3.5)) 
666 FORMATý3E20.12) 
383 FORMAT k1 OA, 3) -I 

12 39 FQRMAT 1 OX, 1 OA8) 
999 FORMAT 6FO. 0) 

1000 FORMAT 20A0 
2000 CONTINUE 

CALL UTPCL 
STOP 
END 
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APPENDIX BG 

TURBULENCE ANALYSIS 
Program 

The main operations carried out by this program 

could be summarised as follows: 

1. Calculations of the spatial micro-scalo of 

turbulence'from the normalised power spectrum 

curves as given by 

2 
1.4 Tr F (n) n2dn (B21) 

12 2 C, 
x 

2. Calculations of the macro-scale of turbulence 

by integrating the positive jiarf of auto- 

correlation coefficient curve and by approximating 
1. 

the auto-correlation curve by an exponential 

function as given by the following relations 

Lt Rý (t) dt (B20) 

LLt (B22) 

and 
-t/Lt R' (t) e (B23) 

t 

3. Calculations of the percentage of energy content in 

the signal at different frequencies as given by 

u2 1 
F(n) dn (1324) f 

u20 



G2. 

4. Producing the power spectrum, auto-corrolation 

coefficient and the second derivativq of the 

auto-correlation coefficients in terms of 

absolute values at different frequencies and 

time delays, respectively. 

I 
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INPUT DATA 

NT Number of individual graphs required with the 

following sequence 

IT =1 for normalisQd power spectrum curve. 

IT =2 for auto-correlation coefficient curve. 

IT =3 for the second derivative of auto- 

correlation coefficient. 

BS Number of samples in the original data-blo, ck on 

the MURIER ANALYSER. 

U Mean gas velocity at the particular crank angle 

of interest. 

VARIABLE(I) Description of test conditions for each graph. 

-- -ý0 
NAAIEX(I) The title which appears on the x-axis of a graph. 

NAMEY(I) The title which appe4fs on the y-axis of a graph. 

NI Total number of data words on each tape. 

NP Number of samples per cycle. 

SR Sampling interval of the digitized. data ( /j sac/sample). 

OUTPUT DATA 

A(I) Absolute values of the variable considered. 

MAX The l6cation of maximum value of ordinates on the 

tape. 

AMAX The value of'the maximum ordinate on a traco. 

MACROSCALE Macro-scale of turbulence. 
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OUTPUT DATA (continued) 

SCALE hficro-scale of turbulence. 

FREQ(I) Minimum frequency for a certain percentage of 

energy content in the signal. 

I 

/ 
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J73 N390, NNS1505 
LU 

170, 
R '12 R AN 

IN TRO (NON-STA, \TDARD)j ONLINE 
I'll uM 
MiDLIS : )T SO tT P Dr-CUIXENT 0ý1 

LTEPARY (ED, SUBGR3UPUSUB) 
LIBRARY ýED, SUBGROUPGRA75) 
LIBRA9Y (EDqSUBGR0UlPNAGF) 
PROGRAM(N390) 
C014PAC', " 
INPUT 1=CRO 
INPUT 3= TRO 
OUTPUT 2= LPO 
OUTPUT 4----CPO 
VACE 2 
END 

C MASTER TURBULENCE ANALYSIS II 
c 

INTEGER SR 
REAL MACROSCALE (500) 

%1EX (4), NAMEY REAL NA E M). 

ýVARIABLE(10), Z(11) DII. 'JENSION A (2100 
, IA ( 40 

Crjl%lff,, ON/, Bl/Xý1100 , Y(1100)., FREQ(11), Nll., UyBS., FMAX 
1100 ,Y (2100), FREQ, ( 11 )., N 11 U BS FMAX 

DATA Z(l) Zý2) Z(3), Z(4), Z(5), Z(6)., Z(7)., ý(85. 
tz(9), Z(10).. Z(11)/O. O,, 

*0 *1,0 .',, 0-3., 0.4,0.5., 0.6,0.7., 0.8,0.9,1 0/ 
READý1,10ý N'T 
READ 1,20 UBSFI-IAX 
CALL UTPOP 
DO 1000 IT =13NT 
7EAD(1,80 VARIABLE (I), I=1., 10) 
READ 1., 80 lTAMSX(I)., I=1)4 
F317AD 1 , 

8o NAMEY(I), I 
READ I1 701 -NI., NP, SR 
CT 7: 32767-0*32767- 
SS=720. /FLOAT(NP) 
RP'ol=l 20. * (10. **6)/FLOAr-" (NP* SR) 
WRITE(2,90) (VARIA3LE(I) 

. I=lo 10)., RPM., NP., SS 
111.413P =M/8 

iipc =DTPP *8 
Iý'((IT. EQ. 1)-0R. (NRP. EQ. 0)) READ(3., 100)N2, N3 

IT. GT. 1). A. 'ýID-. (! '\TRP. GT. 0))r? EAD(3., 101)N2., ýT3 
1--IRITE(2., 100) N2jN3 
I7-, (N2. GT. 0) SF FLOAT(10**N2)*N3/CT 
IFý112. EQ. O)SIF FLOAT(N3)/CT 
IF T'2. LT. 0) SF FLOAT(N3),, /((10. **IABS(N2))*CT) 
w. p. 7 -. -TE(2j5OO) 

SF 
D'--' 300 L=l., NPP 

, lEAD 
(-)., 200) 

K- ýL-l ) *8 
DO 300 J= 1., 3 

M =J+K 01) = FL"jAT(IA(J)) 3F 
300 CONTINUE 
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Wilp = Nl - N'pc 
IF (NRP. EQ. 0) GO TO 75 
READ(3,200) (IA(II). Il-=l., NRP) 
DO 75 11 =1, N-. 9P 
K= NPC +II 
A(K) = FLOAT(IA(II))*SF 

75 CONTINUE 

IF IT EQ. 1) GO TO 520 
IFýIT: NE-3) GO TO 506 
DO 505 IF=1, Nl 
Y(IF) =-A(IF) 

505 CONTINUE 
506 CONTINUE 

IF(IT. NE. 2) GO TO 508 
DO 507 IF =1 NI 
Y(IF) = A(IFý 

50 CONTINUE 
55 CONTINUE 

CALL MAXIMUM (Y., NlAMAXMAX) 
WRITE(2,10) MAX 
WRITE(2,700) AMAX 
DO 510 IF =1, Nl 
X(IF)=FLOAT((IF-MAX)*SR)/(10. **6) 
IF (Y(IF) 

- EQ. I) GO TO 510 
MACROSCALE(IF) = X(IF)/ALOG(ABS(Y(IF))) 

510 CONTINUE 
WRITE(2,700) (X(II), f4ACROSCALE(II), II=1, Nl) 
XMIN X1 
XMAX XýNl 
YMIN 0-5*AMAX 
WRITE 2 MAX 
WRITE 2 , 

700) X 

,, 
700ý YMIN 

WRITE 2j700) (X(II)., Y(II), II =1 I Nl 
CALL irLp4A(XMI14, XýIAXYi-IINAr. IAX, 5.., 5., NtIMEX, 4E 
CALL u-ip4B(XYN1,2) 

3, NAT Y., 3 

GO TO 1000 
520 Nll = N112 

X(l) = 0.0 
DO 530 IF =2jNll 

5-30 X(IF) = IF*10000. /2048. 
IF =1 
DO 540 IF2=1, Nl., 2 
Y(IF) =A (IF2) * -1048/10000. *2. 
IF = IF+l 

540 CONTINUE 
CALL PIAXITRnil (Y, Nll., YIIAX, 14AX) 
WRITE(2,10) MAX 
WRITEý2,700) YMAX 
WRITE 2j7OO) (X(TT)., Y(Il), II=lNl') 
CALL UTP4A( 0.0.. 5000.,,. Osyf-MX. 95... 5.., ITAýlp, X., 3, NAMEY., 3) 
CALL uTp4B (X, YIN 11,2) 
CALL ENERGY DISTRIBUTION 
CALL UTP4A(O. Os5OOO. 3O. O., 1.0., 5., s5.., 1611FREQUEýICIES (llZ)., 2j. 8HENERGY 

CALL uTP4B (FREQ, Z, 11,2) 
1000 CONTINUE 
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10 FOIRMAT I 
20 FORMAT 

ý0.0) Rr 

70 FORMAT 'ýT4 
80 FORMAT 'l ON) 
90 FORMAT IH1,10X, 21HDTGITIZED DATA FOR 

*8x,, 14HENGINE SPEED ý. IF7.2,19H NO. 
*IZE =., F5.2,9H(DEGREEý)//) 

100 FORMAT (2X, 17., 14X, 17-, /) 
101 FORMAT (1 X, /, 2X, 17., 14X, 17., 
200 FORMAT 1 OX, 8! 7., 1 X., /) 
500 FORMAT 2X, 5El5.9, I3) 
700 FORMAT 8(2XE12.5)) 

CALL ITIPPCL 
STOP 
END 

., 
1 OA8//- 

OF SAMPLES =., 13,916H 

SUBROUTINE ENERGY DISTRIBUTION 

COMMON/B 1 1100) 1Y 
(2'100), FREQ (11 ), N 11 , U., BS, FMAX 

. Ub'=;: ý. *b'NAA/býi 
AREA, AREA 1 --0.0 
i -0 
DO 1 1=1, (Nll-l) 
AREAý AREA+(Y(I)+Y(I+1) )/2. *DF 
AREA1-=AREAI+(Y(I)+Y(I+I ))*(X(I)**2)*DF/2. 
IF (AREA. LE. O. 1) FREQ 2 X 
IF (AREA. L 2 'REQ '0 

ý 
' Xýjý 

117 AREA. E0 :1 FREQ 4) 1 X 
Iý AREA. LE. O. 4 FREQ 5 xI 
IF AREA. LE. 0-5 FREQ 6 =xI 
IF AREA. LE. 0.6 FREQ 7 =XI 

1 l 

IF AREA. LE-0-7 FREQ 8 =XI 
IF AREA. LE. 0.8 FREQ 9 -- xI 
IF AREA. LE. O. 9 FREQ =x i 
IF AREA. IS. 1.0 FREQ 

M 
11 X(I) 

IF J. GT. 100 J =0 
IF 

ý 
J. EQ. 100 WRITE(2, 3) X(I), AREAARW 

J=J+l 
i =i+ 

1 CONTINUE 
SCALE = SQRT((U**2ý*(10. **6)/(39.478416*AREAl)) 
WRITE (2,2) (FREQ (I 

,1 -42,11 
WRITE(2., 4) SCALE 

4 FORMAT 2XIMICRO-SCALE OF TURBULENCE -'., F7.4, '(VH)') 
2 FORMAT 2Xj' MINIMUM FREC, )UENCIES FOR PERCENTAGES OF TOTAL 

e--o"5 30/' )5 go, -" 
-x-10(2X, F8 3)) 

ý10ý` 5 0, "5 60ý, ý 70,801, 

3 FORMAT(3j2XF3.0) 

SAMPLE S, 

ENERGY'/ 
, 01 100") / 

RETURN 
END 
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SUBROUTINE MAXIMUM (XNPXPIAX., J) 

DIMENSTON X(2100) 
XP4AX =X 
j=1 
DO 1 I=1, NP 
IF(XT4AX , GT X(I)) GO TO I 
XMAX =X (I 
i -!..: I 

1 CONTINUE 
RETURN 
END 
FINISH 

I 

/ 
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APPENDIX D7 

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 

components, *micro-scales, intensities of turbulence 

and eddy diffusivities. 

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

confidence limits. 

3. Estimation of the extent of iýy6ljr--variations in 

turbulence parameters, in terms of their standard 

deviations, coefficient A 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. 
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INPUT DATA 

NANG 

NCYC 

G 

ANGLEM 

N EU(I) 

BV(I) 

VM(I) 

VMS (I, J) 

MICRO(I, J) 

MACRO(I, J) 

Number of crank angles during the angino CyClOp 

for which turbulence analysis are carried out. 

Number of cycles analysed at each crank angle. 

Attenuation factor on the recorded turbulence 

signal. 

Values of crank angles at which turbulence analysis 

is carried out. 

Values of Iho kinematic viscosity at different 

crank angles. 

Mean values of the bridge voltage at different 

crank angles. 

hTean values of gas velocity at different crank 

angles. 
..... ý 0 

Mean square values of the fluctuating voltage 

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

particular cycle number (1). 

The values of the second derivative of the auto- 

correlation coefficient at zero time delay for 

the crank angle of index (J) and the particular 

cycle number (I). 

The value of the integral time scale at the crank 

angle of index (J) and for the cycle number (1). 
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OUTPUT DATA 

The output data of this program are the calculated 

values of turbulence characteristic parameters for the number 

of cycles analysed. 

These calculated parameters aro: 

1. Fluctuating velocity component (u'). 

2. Intensity of turbulence (Int u_` -100). 
U 

3. Micro-scale of turbulence I 

4. Macro-scale of turbulence L3L. 

5. Micro-eddy diffusivity. 

6. Macro-eddy diffusivity. 

Meanings of the symbols used for-all--t-h'e output parameters 

are as follows: 

YM Value of a particular parameter for the cycle 

number I. 

YM Mean value-of the parameter Y. 

SD Standard deviation of the parameter Y. 

SDM Coefficient of variation of the parameter Y- 
SD 
YM 

ST INDEX 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). 
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TABLE (B4) Tost of Stationarity 

Percentage Points of Run Distribution (118). 

Values of rn 
lot 

such that Ern>r nat] where na N12 

n= N12 0.99 0.975 0.95 0.05 0.025 0.01 

5 2 2 3 8 9 9 

6 2 3 3 10 10 11 

7 3 3 4 11 12 12 

8 4 4 5 12 13 13 

9 4 5 6 13' 14 is 

10 5 6 G is 15 1G 

11 6 7 7 16 iG 17 

12 7 7 a 17 18 18 

13 7 8 9 is 19 20 

14 8 9 10 19, 20 21 

15 9 10 11 20 21 22 

16 10 11 11 22 22 23 

18 11 12 13 't 24 25 26 

20 13 14 is 26 27 28 

25 17 18 19 32 33 34 

30 21 22 24 , 37 39 40 

35 25 27 28 43 44 46 

40 30 31 33 48 50 51 

45 34 36 37 54 55 57 

50 38 40 42 59 Gi 63 

55 43 45 46 65 G6 68 

60 47 49 51 70 72 74 

65 52 54 SG 75 77 79 

70 56 58 w 81 83 85 

75 61 63 65 86 88 00 



JOB N290, NNS1505 
LTJFO'RTRAN 
RUI 
CARDLIST 
1>0C SOURCE 

LIBRARY(ED, SUBGROUPNAGF) 
LIBRARY (EDjSUBGROUPUSUB 
LIBRARY, =., §UBGROUPGRAN 
PROGRAM(N290) 
COMPACT 
INPUT 1= CRO 
OUTPUT 2= LPO 
TRACE 2 
END 

DIASTER TURBULENCE CYCLIC VARIATION 

REAL MICRO(100., 12) MACRO(J00,12) NEU(12) 
DIMENSION ANqLE 123. ffl(12 ý, W(lT5, VMS000, 
DIMENSINN TM100)pYl 100). PTITLE 10., 12) 
READ(jplll) NANGNCYC 
WRITýk2,111) NANG, NCYC 
READý11222) G 
READý1., 222)) ANGLE(I), jI=lqNANG) READkl., 222 NEU(I)7, Pý1, NANG) 
READý13222 BV ýI)., I=1., NANGý 
READO, 2M 

I 

VM I)., I=1., NANG) 
DO 100 J=1, NANG 
READ(11101Q) (TITLE(I, J), I=1., 10) 
READ(1,222) (VMSýI, J *I=I, NCYC) 
WRITE(2., 44ý) VMSkI 

fl 
I=1, NCYC) 

READ(J., 222 14ICROtI., J' , I=1.. NCYC) 
WRITEk21444) MICRO(I, 

flI=ljNCYC) 

loo CONTINUE 
D? 200 I=l NCYC 

200 X I)=FLOATII) 
DO 250 J=1., NANG 
DO 259 I=1., NCYC 
MICROkI J)=i4TCRO(I, J)/ lo. **4) 
Vi,,, S(I, J)=VMz->kI., J)*G*G/ý10. **5) 

250 C014TINUE 
CALL UTPOP 
XMIN--0.0 
XMAX=FLOAT(NCYC) 
YMIN==0.0 
YmAx=4o. 
DO 400 J=1., NANG 
WRITE(2,! O)O)_(TITLE(IW., J)., IW=1,10. ) 

C 

12), X(100), Y(100) 

CALL UTP4AkXMIN: Xr4AXYMIiN. -YýIAX., 5.., 5... 12HCYCLE NU', %IBER., 2.. 
"D *22HTURBULENCE INTENSITY "A) 

YM., SYS---O. O 
STINDEX ---0.0 
DTIJ 00 I=lsNgYC 
Y --6 v* SQRT WMS (I., J) )/BV (J) * 100. 
vm=ym+y(i) 
SYS =SYS+Y(I)*Y(I) 

300 CONTINUE 
. YM=YM/FLOAT(NCYC) 
DO 350 I=1, NCYC 

73 
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DO 350 P--l., NCYC 
TE(I)=Y(I)-YM 
IF(I EQ 1) GO TO 350 

IF(T . LT . 0.0) STINDEX -STINDEX+l. 
350 CONTINUE 

YY =YM*'I-M*FLOAT(NCYC) 
VAR =(SYS-YY)/, FLOAT(NCYC-1) 
SD=SQRT(VAR) 
SDM = D/YM 
WRýTE 2: 555ý NCYC 
WRITE 2j333 ANGLE(J), YMVARSDSDM., ST INDEX 
WRITE ,ý 

(X(I)., Y(I). vI=1., NCYC) 
CALL UTP4B(X., YqNCYCj2) 

400 CONTINUE 
YMAX=0.2 
DO 6og J=1,11ANG 
WRIMM010) (TITLE(IW, J), IW=1,10) 
CALL uTp4AkXMIN XMAX, MINYMAX., 5.,, 5. j, 12HCYCLE NUrOER., 2, 

*16HMICRO-SCALE 
NM), 2ý 

Ymj, sys=o. o 
STINDEX --0.0 
DQ 500 I=1., NCYC 
YkI)=VM(J)*0.05/SQRT(MICRO(I., J)) 
Sys =Sys+y(i)*Y(I) 
ym=yr, l+y(i) 

500 CONTI14UE 
YiM=YM/FLOAT (NCYC) 
DO 550 I=1., NCYC 
TEýI)=Y(I -Yrl 
IF(I. EQ. 

8 

_Tý 
550 

T --TE(I)/TE? 
OI 

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

YY -Y14*YM* FLOAT (NCY, ̂, ) 
VAR =(SYS-YY)/FLOAT(NCYC-1) 
SD=SQRT(VAR) 
SDM =SD/Yr4 
WRITE(2., 666) Ncyc 
liPITVEj(2y333) ANGLEW Y, '4, VAR., SD., SDMST'INDEX 
CALL UTp4B(XYyNCYC., 2) 
WRITE(2s444) (X(I), Y(I)., I=1, NCYC) 

6oo CONTIINUE 
T. '-IAX=0.5 
1 DO 800 J-zlNANG 
WRITE(2., 1010) (TITLE(IV1, J), IW=j, 10) 
CALL uTp4AkXMIN, XP4AX YMIN, YMAX: 5. j5. yl2HCYCLE NUMBER. 2s 

*15HFLUCT VEL rl/SEC, 2ý 
Ym., Sys=o. o 
STINDEX ---0.0 
DO 700 I-1, NCYC 
y (I) --6. *SQRT(VTIS(IJ))*VM(J)/BV(J) 
YNil=ym+y(i) 
Sys =SYS+Y(I)*Y(I) 

700 CONTINUE 
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YP4=YTVr- LOAT (NCYC) 
DO 750 I=1., NCYC 
TE(I)=Y(I YT-1 
IF(I. EQ. 1ý-GO TO 750 
T --TE(I)/TE(I-1) 
IF(T. LT. O. 0) STINDEX =-STINDEX+l. 

750 CONTI14UE 
Yy =YM*YDl*FL0AT(NCYC) 
VAR =(SYS-YY)/FLOAT(NCYC-1) 
SD=SQRT(VAR) 
SDM =SD/YM 
WRITE(2s777 NCYC 
WRITE 2s333 ANGLE(i sYM-9VARjSDSDi,, l,, ST INDEX 
WRIT 

ý2,444 
(X(I): YiI)., I=1., NCYC) 

CALL uTp4B(XYlv'CYC, 2) 
800 CONTINUE 

YMAX=: 0-0001 
Do 1000 P-1 NANG 
WRITE(211016) (TITLE(IllpJ), 111=1,10) 
CALL UTP4A(XMIN2XMAX)YMINOYMAX,, 5.., 5... 12HCYCLE NUMBER, 2., 

*22HMICRO EDDY DIFUSSIVTTYP3) 
YM., SYS =O. 0 
STINDEX --0.0 
Do 900 I=l NCYC 
Y(I)=SQRT(V'MS(I J)/MICRO(I., J))*3. /((10. **4)*BV(J)) 
SYS =SYS+Y(I)*Yli) 
Ym=yr4+Y(i) 

900 CONTINUE 
YM=yl. J/FLOAT(NCYC) 
DO 950 I=1,, NCYC 
TE(I)=Y(I)-YTil 
IF (I. Eq. 1) qO TO 950 
T --TE(I)/TEkI-1 

) 
IF(T. LT-0-0) 5TINDEX =STINDEX+l. 

950 CONTINUE 
yy. =YM*YM*FLOAT(NCYC) 
VAR =(SýS-YY)/FLOAT(NCYC-1) 
SD=SQRTkVAR) 
SDM =SD/YM 
CALL UTP4B X, YjNCYCj2) 
WRITE 220 
WRITE 2 A' NGLE (j) , YM, VAR, SD, SDM ST INDEX 

.. 
3331 

NCYC 

WRITE 2,444) (X(I)., Y(I)., I=1, NCYC) 
1000 CONTINUE 

DO 1400 J=1, NArIG 
WRITE(2., 1010) (TITLE(IW., J), IW=1,10) 
STINDEXySTINDEX1--0.0 
Yý% Sys --o. 0 
Ymi. 1sysi -0.0 
DO 1100 11 " NCYC 

u =6. *SQRT(VMý(IJ))*VM(J)/BV(J) 
y (I) =VM (J) *MACRO k I., J) * 1000. 
Yl (I)=Y(I *U/(10**3) 
sys=sys+yM*Y(I) 



76. 

sys1=sysl+yl(I). *yl(I) YM -ZYM+Y (. T 
-vy YM1 =yffl Y1 

(1 
1100 CORPINUF 

YMýYM/r- LOAT (NCYC) 
YMI =YIP41 /FLOAT (NCYC) 
in 1150 I--l, NCYC 
TF, (I) =Y (-I -Y7,71, 
IF(T 1 GO TO 1150 
T-TEýP)ýýE(I-l ) 

. IF(--'. LT. O. 0) STINDEX =STINDEX +1. 
i1 "-0 CMTTINUE 

DO 1350 TýINCYC 
T7, (I)=Yl U)-YM1 
IF(I EQ. 1) GO TO 1350 
T 
IF(T. LT. 0-0) STINDEXI=STINDEX1+1. 

1350 CONTINUE 
YY =YM*YM*FL9. AT (NCYC) 
VAR =(SYS-YY)/FLOAT(NCYC-1) 
SD-'=SQRT(VAR) 
SDM =SD/t4 
YY =YMI *YM1 *FLOAT (NCYC) 
VAR1=(SYSl-YY)/FLOAT(NCYC-l) 
SD 1 SQRT (ý! AR 1 

"Q DP41 = SD I IYMI I 
YMI N --o. 0 
YMAX=I. 
WRITE(2,887 NCYC 
WRITEý2s333 ANGLE VAR, SD, SDM, ST TND1E? X 
W-r1ITE(2., 4, "i4 (Y(i), y (i). j=i.,, -icyc) 

L 34A (Xi', "! ', T, X', -, TAX., Y7.111IN., Y114AX CLE 14 M2 R, CALL UTT 5.., 5., 1211CY UE2 
*16HMACRO-SCALE jrr, -,, I), 2) 

CALL UTP43(X, Y., IICYC, 2) 
YNAX-: 0.0001t- 
WRIT. E(2j889) NCYC 
WRITEý2,333) A1, NGLE'(J) Y'! 1-1l, VA. 9lSD1, SDM1., ST INDEX1 
WRTTEý21444) (X(-C), 

$Ylt TCYc 
CALL urp4A(XMINXMAXYM! N, y0 MX., 5.., 5., 1,2HCYCLP, 'ITU". TB, -, Rj 2j 
1 SHEDDY DT"U -SSIV-, T',,, 2) 
CALL UTP4B(XYlNC--fC, 2) 

11 Do f IjýTUE 
ill F'-'-, i MA Tý 10 13 

, 2-2 1OF0.0) 
A'. 41GOLE I., F'. l MEA IN VALUE j El 4.61 1 VARIANCE I 'TANDARD D7MTI. AT-1G', ' Ellý -7- 1 OF VARIATION 7,1 C r. r. 

*-0.6PISTATIDNARTTY INDEX 
4! 1 T-, 'O R PMA T (6 x., E 14.6 )) 

Eý%TCE IN r, - 7`1-311AT ý2: Cj I TU"LML . 
7r, 17ý! Sjr? ITES FOR A I-IUIT3T'!, *. l 171? CYCLES N, -, =' 14) :ý ;ý -" --. .1, - 

-N 

A. -LL, 
It 

- I T. 77C70-SCAL- `7 M 3UT, '? Nr, T-, F`: IF A 1, ull""137" ), 3MAT, (2. X., Tt nr, CYCLES NC '$I 
. *11) 

- 0Ar"1:, "-! I. T. EL. iA "'. 1u, . -F CYCLF's NITC I, 1 
177 

(2X. 
9 I PLUM 

--, 13 01, 
"ý 4) 
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097,, IAT (2X. 
0 IA I-I PI CRO EDDY DTFFUSIVITY FOR A NUP, 13ER OF CYCLES NC - 1., 14 

FORMATý2X, 11,111C. --2 EDDY DIFFULSIVITY FOR A NUrSTý-, R OF CYCLES NC='J14ý 
FOPINIATý20A1 

-D, 37 FORMA-f(2X, IMACP0-SCALE OF TURBULENCE FOR A NUMBER OF CYCLES NC=I., l 
*4) 

1010 FORPýIAT (1 OA8) 
CALL UTPCL 
STOP 
'END 
P I INISH 

4 

-----a 

/ 
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APPENDIX Ba 

PIPE FLOW CORREIATION 
Program 

The main objectives of this program could be divided 

into two items: 

1. Establishment of the best relationship between 

the ratio of Eulerian/Lagrangian scales and other 

fluid properties such as fluctuating velocity 
I 

components or the turbulence Reynolds numbers, 

Re-X and ReL . 

2. Estimation of the coefficient of correlation between 

the measured values of eddy diffusivities and the 

predictions from pipe flow empir-Lcal relations. 

The main operation in the prclgram consists, therefore,, of 

iteration procedures to establish the best values in an assumed 

model of relations as given by: 
10 

La+b Re (B25) 
Lx11L 

J- 
La+bR 

E2 
(B26) 

Lx22e. 

't L 
E3 

La3+b3u (B27) 

The values of the constants a1 and b 1, are calculated 

by a least square errors regression between ( J-L/Ix) and R eL 
E 

Re 
E2 

or u13 
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INPUT DATA 

NC Number of correlation models investigated. 

N Number of experimental points used for 

establishing the correlation. 

NE Maximum number of iteration loops in the program. 

CASE(I) Description of the particular model equation. 

ERE Initial value of Reynolds number exponent. 

DERE Increment in Reynolds number exponent. 

EU Initial value of fluctuating velocity-component 

exponent. 

DEU Increment in fluctuating velocity component 

exponent. 

U(I) Values of the fluctuating velocity components 

for different experimental points. 

RE(I) Values of the turbulqnce Reynolds number ReL or Re 

EDI(I) Eddy diffusivities based on Eulerian scales. 

U, y 
(B28) 

u. L (1329) 
Lx 

EDM(I) Values of eddy diffusivities obtained from pipe 

flow data at comparable fluid conditions. 

OUTPUT DATA 

E Exponent of the Reynolds number of fluctuating 

velocity component. 

A, B Constants in equations 0325 (B27). 

X(I) Values of Re 
E 

(I) or UE(j). 
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OUTPUT DATA (continued) 

Values of ED1(I)/EDNI(I). 

YCM Values of (corrected eddy diffusivity/EDAI(I) ), 

corrected eddy diffusivity = ED1.1/1ýc (B30) 

R Coefficient of correlation between X/Lx and 

Re 
E 

or I /L 
x and 

ER Square root of the summation of errors between 

Y(I) and YC(l). 

I 

/ 
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J'M L- 1ý ' N'70., N., N'l 505 
LUF ý).; IT AN 
"'ITIT 
.1 

U, iq D JC- M`-OT S-)Ui ý C'-' 
LIB'. lA; '3Y(F'D, SUBGROUPIMOF) 
LIBRARY (EDj SUBOl'OUPUSUID) 
PROGW. 1('1270) 
COMPACT 
IINPUT 1 =CIRO 
OUTPUT 2 ý-LPO 
TRACE 2 
END 

MASTER PIPE FLOW CORRELATION 
C 

DIMENSION ED1(200), EDtl(200), IT(200), RE(200),, CASP-(10) 
COMMON /Bl/ X(200), Y(20,, )), YC(200), A.. BN 
READ(l , 111 )NC 
Do 490 L=l NC 
READ(1,666 (CASE(Tý, Tý1., 9) 

7'AD 1,111 NNE 
READ 1,222 ERE., DEREEU., DEU 
READ 1,222 U(T), I-=lN) 
READ lp222 REkf) I-1 N) 
READ 13222 ED I i=11,, N 
READ 1., 2221 

JEDM(II: 

I--l., N 

DO 300 K=1 ,2 IF(, K. EQ. 1) E=EFtE 
IF K: EQ: l DE=DERE 
IF K EQ 2 E=EU 
IF K. EQ. 2 DE=DEU 
Do 200 J=1., NE 

, 
IF(E. E1Z. 0.0) GO TO 150 
DO 100 1=1 'N Y(I)=ED'! "1(I)/EDl (I) 
fflK: EQ. lý X(fl=RE(I)**E 
IF K EQ. 2) X(I =U(I)**E 

100 co, "UINUE 
CALL LEEA ST Sru 14 UARES 
WRITE(2,666) (CASE(II) II=1,, 9) 
IF(K. EQ-lý IIRTTE(2., 333 A, B, E 
IF(K. EQ. 2) IVRITE(2., 41ifl A, 

-"; -: IE 
1HRITE (2 YC, (I 

., 
55 

., IT 11r, 150 CC), 11ýTuz:, 

E 7-=E -DE 
200 CONTTINU, ý 
300 Ca PI I" 
400 C0 1", 11, UT 

F--"DR'i4AT 5-T 3 

222 F 09,11,11A T1 2FO. 0) 
A C3137FIET TION 111ASTP-t) rý"' 9' ZyN')T, T "33 11PO R'! -IATý 2Y,., 

*5X) 'X--' " E141. L) ,I+IpF, 14.6.9 ' RE-1ý *I , P- 5.3 ) 
4114 FORMAT (2X, 'CORRELAT Tnývl BASED -, I, '\T TFT.;, FLUCTUATING VEal-)CTTY 

IX- I- 5X., E14.6 , El4.6, ' -, - IU *" 55-3ý 
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555 FORMATý6(2X, E14.6)) 
FORMAT 10A. 3 
.3 TC P 
END 

SUBTROUTINE LEAST SQUARES 
C 

COMMON /131/ X(200))Y(200)., YC(200)., A., BjN 
SX., SX2. t SY, ý,. KXY --0.0 
DO 1 I=1, N 
SX = SX + 
SX2=--- SX2 

X+(XIýI)*X(I) 

SY = SY +Y(I) 
sxv-= - SXY +X(I)*Y(I) 

1 C011TINUE 
D SX2*FLOAT(N)-(SX*SX) 
A ýSY*SX2-SX*SXY)/D 
B FLOAT(N)*SXY-SX*SY)/D 
ERS = 0.0 
DO 2 I=1, N 
YCM =A+ B*X 
ERS, = ERS + AB%IC)(I)-Y(I))ý*2. 

2 CONTINTUE 
ER, = ýQRT (ýRS) 
WR TE 2ý, 111) ER 
CALL COEFF OF CORR 

111 FO9, 'lVMT(2XILEAST SQUARE ERROR =IE20.6) 
RE`-l'URN 
END 

--. 

SUBROUTINE COEFF OF CORIR 
c 

CÖMMON /B1/ X(200), Y(200)jYC(200)., Al., Bl. N 
SX, SY, SX2, SY2, SXY --0.0 
DO 100 I-1�N 
sx = sx + X(I) 
sy, = sy YM 

ý 
SX2 = SX2 + X(I *x I 
SY2 SY2 + yýI *Y I 
sýXY sxy + X(I, *y�-r 

10110 CONTINIUE 
1 CXX sx2- S SX/PLOAT N x*< 

"'YY SY2- SY*SY/FL'IAT N 
CXY SXY- SX* SY/FLOAT N 
B CXX*CT. ' 
R CXZ/Sru'--iT (B) 

CXX, CYY, CXY., B5 R 
1; (2Xj Ei 4.6) ) 111 Fr-IRMAT (2X, ' 

. 'ALTUTES OF CXXCYý1., CX. Y., B., R ARE 
2E TURN 
EN D 
FINISH 



83. 

APPENDIX Do 

EDDY DIFFUSIVITY 
Program 

This program is concerned with comparing the 

variations in eddy diffusivities with different oxpresbions 

proposed for the friction factor in pipe flow and flow over 

flat plates. These expressions are given by the following 

relations: 

0.1 P9 
f 0.02296/Re D 

0.148257 
f 0.0262/ReD 

0.2 

and 

where 

Flat plate 
Data 

031) 

f=0.046/ReD - 
Pipe Flow 

0.32 Data 
f=0.0014 + (0.125/Re 

D) 

Re U. DA) 
,D .1 

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

eddy diffusivities were calculated from, the Spalding expression 

given by 

0.0407 (e c-1-c C2 
- 

C3 (B32) -6 

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: 
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1. Eddy diffusivity versus non-dimensional 

velocity U+. 

2. Eddy diffusivity versus friction factor. 

3. Eddy diffusivity versus Reynolds number. 

4. Friction factor versus Reynolds number. 

I 

t 
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JM) N33,0,1-1, NS1505 
LUFf-'JRTRAN 

CAIMILIST 
DOCUMENT SOURCE 

LIBRARY(ED, SUBGROUPNAGF) 
LIBRARY (EDSUBGROUPUSUB) 
LIBRARY (EDISUBGROUPGRAF) 
PROGRAM(11380) 
CO*i'-'PACT 
INPUT 1 CRO 
OUTPUT 2 LPO 
TRACE 0 
END 

MASTER EDDY DIFFUSIVITY 
C 

REAL NEU(10) 
HmENSION RE(100), CF(100)., UP(100), ED(100) 
READ(1,222) N Nl., N2 
READý1,111) (N"EU(I), I=1., N1) 
READ 1,111) X., U 
CALL U7POP 
DO 300 J=IyNl 
DO 250 Kl-l 4 
DO 200 K=iy4 
WRIffl2y222ý N,, Nl., N2., JKKl 
WRITE 2,444 NEU(J), X 
U ----0 -5 DO 100 1=1 5 17 
13E I)=X*U NEU(J) 
IF K. EQ. 1) CF(. T)=0.02296/(RE(I)**0.139) 
IF K. EQ. 2)CF(I)=0.0262/ RE(I)**0.148457) 
IF K. EQ-3 CFffl--0.046 

ýRE(I)**0.2) 

IF K&EQP4ý. CF 1 ---0.001 +0 125/(RE(I)**0.32) 
U up P I)=l/((CF(I)*0.5)** -5ý c-=up i)*o, 407 
ED(IN. 0 0ý*(EXPýCý-1. -C-(C*C)/2, - C*c*C)/6. )*NEU(J) 
WRITE(2., 333 UyRE I , CF(I), UP(I)3 DýI) 
U--U+0.5 

loo CONTINUE 
IF (Kl 

. NE. 1) GO TO 110 
,, MIN= Y *15000. 

xriAX=160000. 
YMIN--O. oo4 
YTAAx-. --o. oo8 
IF (K. EQ. 1) CALL UTP4A (XMIIN, XIVIAX., YMTN, Yr. 'IAXj 6.., 6-., 15HREYNOLDS NUMBE 

-y-R, 2,1511'"D RICTIOTNT FACTM. 2) 
CALL UTF4B(BECFNy2) 

lio CONTINUE 
IF(I', -l. TTF,. 2) 00 TO 120 
XMIN --l 5. 
Yaw, ---24. 
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YMIN--0.00005 
YMAX --0.00 11 

IF (K. EQ. 1 CALL UTP4A (XMINI MAX, YMIlly YMAX. ' 0.121 TIEDDY DIF 
; ýFUSIVITY ). -3) 

", 6. 
j. 

21 IU+., 

CALL uTp4B (UP, ED, N., 2) 
120 C014TINUE 

IF(Kl. NE-3) GO TO 130 
X14IN =0.004 
X714AX 0.008 
YMIN-0.00005 

YMAX=0.0011 
IF (X. EQ. 1) CALL uTP4A (XMIN XMAX., YMIN, Y'MiAX) 661 I-511PRICTION FACTO 

*H32., L'lhBUDY DIFFU61VITY ))3) 
CALL uTP4B (CF, ED, N, 2) 

130 CONTIINUE 
IF(Kl. NE. 4) GO TO 140 
XMIIN =1 5000 

Yj. iAx=16oooo. 
YMIN--0.00005 

YMAX--0.0011 
IF (K. EQ. 1) CALL UTP4A (XMIN XMAX, YMIN, YMAX, 6., 6. 

*R 2 211-I EDD Y DIFFUSIVITY 3 ) , , . , ,3 CALL uTp4B(RE., ED., N, 2) 
140 CONTINUE 
200 CONTINUE 
250 CONTINIJE 
300 CONTINUE 
iii FORMAT (6Fo. o) 
222 FORMAT 1013) 
333 FORMAT 5(2XEi4.6)) 
444 FORMAT 2X., ICASE NO: NEU =I. El4.63'CHARACTERTSTIC 

CALL UTJPCL 
STOP 
END 
FINISH 

1511RE-YNOLDS NUMBE 

LENGTH =t, '. P, 14.6 ) 
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APPENDIX 1310 

CORRELAMON 11 
Program 

This program is concerned with comparing the measured 

turbulence characteristics inside the combustion chambers of 

engines with predictions of the semi-empirical rolations 

established from the experimental data of pipe flow. It also 

serves the purpose of correcting the measured turbulence parameters 

for the effect of fini, te 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 here to 

discuss the INPUT/OUTPUT DATA manipulated by thcý, program. 

Obviously the INPUT IV%TA are the results of the turbulence 

analysis at different crank angles in ihe cycle as discussed 

earlier in Appendix B5. These include the following data: 

f 

1. 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-scalos 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. 
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The output results of the program could bo 

summarised as follows: 

i) The variation of corrected turbulence 

intensitios and fluctuating volocity 

components with crank anglos. 

ii) The variation of the ratio u'/U* with crank 

angles. 

iii) Valuep of turbulence Reynolds number ROL and 

Re,. for different crank angles: 

iv) Values of micro- and macro-eddy diffusivitios 

as given by: 

F- = U, ( :ý I-) ^x (B34) 
micro ýy y 

and 

E= U' (*f--l' ). L (B35) 
macro Lfx 

v) 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 Re 
L and Re, 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 Number of experiments considered. 

A,, A2, Bl, 132 Constants in equations of the ratio between 

Lagrangian and Eulorian scales4/L and I., /), 
x Y 

A1+BI no,, (1330) 

E2 
A+D no 

.:. y 22 
(B37) 

LIV Length of hot wire (m). 

LX Engine cylinder diameter (m) 

CASE(J, K)* Description of test conditions. 

NkNG(K) Number of crank angles considered in test number W. 

ANGLEO, K) Values of crank angles considered in the test 

number (K), (degrees). 

VM(J, K) Values of mean velocities for test number (K), 

(m/sec). 

INTENSITY(J, K) Values of turbulence. Intensities for test number 

(K). 

U(J, K) Values of fluctuating velocity components for the 

test number (K), (m/sec). 

AIICRO(J, K) Values of time micro-scales for the test number (K), 

(see). 

MICROLU, K) Values of spatial micro-scales for the test 

number (K), (mm). 

ý, TACRO(J, K) Values of the spatial macro-scales of turbulence 

fdr the test number OC). (mm). 

NIEU (J, K) Values of the kinematic viscosity for the test 

number (K). 

AXM A string of alphanumeric characters used for 

identifying individual tests. 



00. 

The index J defines the particular crank anglo in the 

test number (K). 

OUTPUT DATA 

UC(J, K) Values of the fluctuating volocity components 

after correction for the effect of finite wire 

length on measurements. 

INTENSITY(J, K) Corr ected values of turbulence intensities. 

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

cylinder diameter. 

UIX 
RE(J, K) Reynolds number of turbulence Re. y 

REI(J, K) Reynolds number of turbulence Ile u lix 

__ _,. 
L 

RE01(J, K) Reynolds number based on boundary layer thickness 

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). 

U 
UP(J'K) Values of the non-dimensional velocity U+ - U* 

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. 
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OUTPUT DATA (continued) 

ED1(J, K) Eddy diffusivitios basod on macrý-scales of 

turbulence. 

EDAI (J, K) Eddy diffusivities calculated from Spalding's 

expression for pipe f low. (B32), 

CF (J, K) Values of the friction factor. 

- 

. 1. 

f 
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J03 N260., N,, NS1505 

LUFFORTRAll 

Ru '1\11 
J03f. "ORE 30000 
CA-RDLIST 
Dr3CUIvIENT SOURCE 

LIBRARY (EDISUBGROUPNAGF 
LIBRARY ýEDISUBGROUPUSUB 
LIBRARY ýED, UBGROUPGRAF 
PROGRANý 
COMPACT 
INPUT 1 CRO 
OUTPUT 2 LPO 
TRACE 0 
END 

MASTER CORRELATION-11 
c 

REAL MICRO(12,20), MICROL(12 20) INTENSITY(12,20).. tIEU(12120) 
REAL IvFýU(12., 20), ýTACRO(123205, IN3T(12.. 20), LX , 1.4 
DIMENSION EDý12,20)., CF(12,20) UTýl 20), CASEý12 20) 
DIMENSION UPkl2,20), EDlkl2j2053EDM 12,20 REM2 20) 
DIMENSION ANGLE(12,20)., U(12., 20), VM 12,, 20ý UR(12-201 REO(l2j20). p) *REOI(12,20) DELTA(12,20) RATIOý 2,20), EPS(12 20)., REtl2., 20)jX(20 

.0 *Y(12), XX(121, YY(12): NANGZ20), AX120). pUC(12j, 12) 
ANGLE CRANK ANGLE DEGREES. 
VM GAS MEAN VELOCITY. 
MICRO= MICRO SCALE OF TURBULENCE9 
MACRO MACRO SCALE OF TURBULENCE. 

rn NEU = KINEMATIC VISCOSIj. Y. 
A, B', 'ýE ARE THE CONSTANTS AND EXPO14ENT 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 TIRBULENCE MEASUREMENTS. 
LX = CYLINDER DIAMETER. 
LW :: LENGTH OF WIRE (MM). 
RE =TURBULENT REYNOLDS NUMBER BASED ON MICRO-SCALE. 
RE1 ---TURBULENT REYNOLDS NUMBER BASED ON MACRO-SCALE. 
REO = REYNOLDS NMilBER BASED ON MEAN VELOCITY AND CYLINDER DIAMETE 
EPS = RATE OF ENERGY DISSIPATION BY SMALL SCALE EDDIES9 
ED = MICRO-EDDY DIFFUSIVITY. 
ED1 MACRO-', 'D. DY DIFFUSIVITY. 
EDM SPAýDING EXPRESSION FOR EDDY DIFFUSIVITY. 
READý13333, (AX(I).. I=1,20) 

READ0,222) Al, A2., Bl: '-R2, El., E2, LX , LW 
DO 1000 K=1., 11ý, TS 
READ (1,9000) (CASE(J, K), J=1,9) 
READ ý 1,111 ) NANG (K 
READý1,222) (ANGLFýJ., K)., J=ljNANG(K)) 
READý13222)(VM(J: K), J=I, NANG(K)) 
READ03222) INTENSITY(J, K), J=1., NANG(K)) 
READý1,222) ýU(JK), J=lNANG(K)) 
READ0,222) MICRO(J, K), J=1, NANGýK)) 
READ(lj222)(MICROL(J., K), J, 1, NANC, kK)) 
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READý11222) ýMCRO(J 10., J=1 
11 

NANG (K) 
READ 1)222) NEU(J, K5, J-1, NANG(K)) 

1006 CONTINUE 

DO 500 K=lpNS 
DO 400 J -11 NAING(K) 
EPS(J., K) =15. *(10. **6)*MEU(J.. K)*((U(J., K)/MICR(DL(J)K))**2) 
SCALE=MACRO(J3K) 
CX=LW*2. /SCALE 
CX1--CX/(SORT(2. *(I/EXP(CX)-l. +CX))) 
UC(J, K)=CX1*U(J. -K) 

., 
SC Cxl., U(J., K), UC JjK) WRITE(ý., 555) RA ALEjCX. 

RE(J., K)=UC(J., K)*MICROLýJ., Ký/(NEUýJ,, K * 10. **3 
RE1ýJ, K)=UC(J, K)*DIACROkJ, K)/(NEUtJ, Ký* 10. "0 
REO(J, K)=LX*VM%K)/NEU(Jp K 
DELTA(J, K) = 0.1 85*LX/kRE%, K)**0.148257) 
R EO 1 (Ji, K) = VM (J, K) * DELTA ý J, K ýIN EU (J, K) 
INTENSITY(J, K)=INTENSI YkJ-, K)*UC(J., K)/U(J., K) 
RA1--Al+Bl*(RE(q., K)**M 
RA2=A2+B2*(REIkJ, K)**E2) 
ED(J, K)=MICRC)L(J, K)*UC(J, K)/(10. **3 *RAl 
ED1(JpK)=UC(J, K)*PIACROkJ K)/(10. **3ý *RA2 

262/(REO(JjK **0.148257) CF(J., K)ý-O 
UPýJj, K) (CF(JjK 

ýp 

URýJ, K)=VM J, K)/ PupýJ*0-ý **0.5) 
., 

K) 
RATIOýJ2K =UC(JsK)/UR(J, K) 
C= UPkJ Ký*o 407 
EDM(J, K) - 0: 0407*(EYP(C)-l. -C-(C*C)/2. -(C*C*C)/6. 

)*NEU(J, K) 
400 CONTINUE 

IRITE f 2. p 9000) (CASE(J4K), J=l 9) 
WRITE 2y444) K., ICNANC, -kK)., NCNS 
WRITE 2jlOO1) 
WRITE 2,555) (ANGLE (j, K), J =1 , NANG (K) 
WRITEý2,1002) 
WRITEý2j555) VT. I(J, K)., J=1, NANG(K)) 

v 
WRIýE 2,1003) 
Wi9IiE 2.. 555) (INTE, "ýISITY(J., K), J=1.. NANG(K)) 
WRITE 2,, 1004) 
WRITE 2., 555 (U J, K , J=1, NANGýKjj 
WRITE 2,555ý(UCýJflJ=1, NANG, K, 
WRITE(2., 1 00ý) 
WRITEt2s555) (MICRO(JK), J=ljNANG(K)) 

W 
WRI E2" 1006) 

is 2,555) (DIICROL(JI K)., J=I, NANG (K) ) Rlý 
WRITE 2., l 
WRITE 21 555 (MACRD (J., K), J=1,14ANG (K) 
WRITE 2,, 100 ) 
WRITE 2., 555) ( RE(J., K)., J-=l., NANG(fl) 
WRITE 2,555)(RE1(J,, K), J=ljNANG(K) 
WRITE 2jlOO9) 
WRITE 2,555) ( REO (J$K)., J=1. jNANG(K)) 
VRITE 2,1010) 
WRITE 2., 555) (RE01 (J, K), J=1, NANG(K)) 
WRITE 2,1012) 
WRITE 2,555) (DELTA(J, K), J=1jNANG(K)) 
WRITE 2jlOl3) , WRITE 2. v55 UR(J K)SJ=I,, NANG(K)) 5ý ýUP 

(J, K): J=1., NANG (K) WRITE 2 555 
WRITE(2 lol4) 
WRITE(2. t555) 

(EPS(JjK), J=1., NANG(K)) 

I 
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WRITE(2,1015) 
WRITEý2., 555) 
WRITE(211016) 
WR ITE 2,555) 
WR ITE 2,555 
WRITE 2y5M 
WRITE 2s1017) 
WRITE 2,555) 

500 CONTINUE 
2000 CONTINUE 

C 

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

ED(JJK) J=1., NANG(K) 
ED1(J2K , J=1., NAI,! G(fl 
EDM(J, 

fl., 
J=1., NANG (K) 

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

********PLOTTING OF TURBULENCE CHARACTERISTIC PARAMtTERS***** 

30 

40 

50 

60 

70 
80 

CALL uTp4A(80., 380., O. O, Yý. IAX., 6., 5.., 11HCRANK ANGLEy2,19HRATE OF DIS, 

CALL UTPOP 
SFX = 0.02 
YMAX =2000. 
qpv =- nnpc; 

*SIPATION, 3) 
Do 40 K=1, NS 
DO 30 J-1, NANG(K) 
XX(J) =ANGLE(J, K) 
YY (J) =EPS(J, K) 
X(J) = ANGLE(JK)*S7jX-1.6 

Y (J) =EPS(J, K)*SFY 
CALL UTP3(AX(K), X(J), Y(J), 2) 
CONTINUE 
CALL UTp4B(XXYYNANG(K), 2) 
CONTINUE 
CALLUTP4A(80.3380.., O. Ovr4AX, 6.., 5.., 1HCRANK ANGLE, 2,20HTURBULENCE 

-vý f 

I 

CALLUTP4A(ýO. 
-. 
380., 0.0,6.0,6.0,6., 11HCRANK ANGLEy2., l9HTURBULEN'T 

*INTENSITY., 3) 
SFY= 5. /VMAX 
Do 6o K=1., NS 
DO 50 J ljNANG(K 
XX(J) =ANGLE(Jfl 
YY(J) = INTENSITY(JK) 

NGLE(J, K XA fl*SFX-1.6 
Yý'Jfl 

7- 
INTENSIT JK)*SFY 

CALL UrP3(AX(K), X(J), Y(J),, 2) 
CONTINUE 
CALL UTp4B(XXYY, NANG(K), 2) 
CONTINUE 

*VELOCITY.. 3) 
Do 80 K=IjNS 
DO 70 J=l., NANG(K) 
XX (J) =ANGLE (J, K) 
YY(J) U(J., K) 
X(J) ANGLE(J, K)*SFX-1.6 
Y(J) U(JK) 
CALL UTP3(AX(K), X(J), Y(J), 2) 
CONTINUE 
CALL UTP4B (XXp YY, NANG (K), 2) 
CONTINUE 
CALL UTp4A(80., 380.. 90.0,4., 6. 

TURBULENCE., 3) ., 
5... 11HCRANK ANGLE. 2., 24fimiCROSCALE OF 
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loc 

110 

120 

130 

140 
200 

CALLIJTP4Ak8O.. 9380. . O. O., VMAX, 6. 
-, f- /--- \-\ P5-0111CRA., ", Iý ANOME$2,20HMEAN VELOCT 

SFY =1 . 25 
D0100 K--l., NS 
DO 90 J ý-l , 14ANG (K) 
XX(J) =ANGLE(J, K) 
YY(J) MICR (J. 

9K) X(J) ANGLE JK)*SFX-1.6 
YtJ) =ýMICRO J K)*SFY 
CALL UTP3(AX(KlyX(J), Y(J)., 2) 
CONTINUE 
CALL UTP4B(XX, YY, 14ANG(K), 2) 
CONTINUý 

_- 
Ik lvv.. )Lu )1 .5j SFY = 5. /VIIAX 
DO 120 K=l, NS 
DO 110 J =1, NANG(K) 

XX(J) =ANGLE( i , K) 
YY(J) = VM(J K) 
XýJ) 7 ANGLEZJjK)*SFX-1.6 
YkJ) = VM JK)*SFY 
CALL UTZAX(K)., X(J), pY(J)., 2) 
CONTINUE 
CALL uTp4B(XXYYNANG(K)., 2) 
CONTINUE 
CALLUTP4A(80. j38O., O. j3., 6. 

*LENCE, 3) 
SFY --2. 
DO 140 Ký1., NS 
DO 130 J =1, NANG(K) 

XX(J) =ANGLE(JK) 
YYW = MICROL(J, K) 
X(J) = ANCLE(J, K)*SFX-1.6 
YtJ) = MICROL(JK)*SFY 
CALL UTP3(AX(K). qX(J)jY(J), 2) 
CONTINUE 
CALL UTp4B(XXjYYNANG(K), 2) 
CONTINUE 
CONTINUE 

., 
6. 

j, 11HCRILNK ANGLE, 2,19HSCALE OF TURBU 

- 

C CORRELATION PLOTS 
VMAX =50. 
XMIN=400 
XMAX=4006. 
YMAX=8. 

YMIN =0.0 
CFY =5. /(YMAX-YMIN) 
CFX =5. /(XNMAX-XTl4IN) 
CALL UTP4A (XMIN, XMAX, YMIN, YMAX, 5. 

*HFLUCT. ITEL/FiTUCTION VEL, 3) 
DO 3000 K=I., NS 
DO 3000 J=1., NAN,, G(K) 
IF(kVGLE(J. K). LT. 250) 00 TO 3000 
Z =CFX* (RE,,, 

-ý I 
(J-, K) -XMINT) 

if = CFY*(RATI0(J, K)-YMIN) 
CALL UTP3(AX(K),, Z, H, 2) 

3000 CONTINUE 

,, 
5., 21HRE-YNOLDS NUMBER (RE ),. 3,, 23 
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XMAX=120000 
XMIN =1000 
YMIN =0.0 
CFY =5. /(YMAX-YMIN 
CFX =5-, /(XP4AX-XMINý 
CALL UTP)IA(XMINi. XII. XIYMINYMAX., 5., t5- *HFLUCPT. ý VEL/FRICTION VELj3) 
DO 3100 K-=l., NS 
DO 3100 J=11NANG(K) 
IF(ANGLE(J K) LT. 250) GO TO 3100 
Z =CFX* (REO I J, k) 

-XMTN) H= CFY*(RATIO(J., K)-YMIN) 
CALL U2P3(AX(K)., Z., H, 2) 

3100 CONTINUE 
XMAX=120000 
YMIN ---0.0 
XMIN =1000 
YMAX =40. 
CFY =5. /(YMAX-YMIN) 
CFX =5. /(-XI, IAX-XMIN) 
CALL UTP4A(XMINIXMAX, Yf4IN, YMAX., 5*,, 5- 

*HTURBULENCE INTENSITY., 3) 
DO 3200 K=1, NS 
DO 3200 J=1, NANG(K) 
IF(ANGLE(J, K). LT. 250) GO TO 3200 
Z---CFX*(REO(JjK)-Xr, IIN) 
H =CFY*(INTENSITY(J., fl-YMIN) 
CALL UTP3 (AX(K, ), Z, H, 2 

-ýPoo CONTINUE 
XMIN---400. 
XMAX=4000. 
YTIAX --4 0. 
CFY =5-/(YMAX-YMIN 
CFX =5-/(XMAX-XMINý 

)21liREYNOLDS NUMBER (R'CX)., 3,23 

, 21HREYNOLDS NUMBER (REX),, 3., 20 

CAIJIJ Uýiý-v4, 'kkX, 'ýl-LN., )U-IAX! PYMINYýIAX., 5.., 5., 21HREYNOLDS 

. 
*IITURBULENCE ! NTENSITY. 3 
DO 3300 K=12NS 
DO 3300 J=1, NANG(K) 
IF(ANGLE(J., Ký-LT. 250) GO TO 3300 
Z =CFX*(REO1ýJ., K)TXMIN) 
H --CFY*(INTENSITY J: K'-YMIN) 
CALL U'iP3(AX(K), Z JP H, 2ý 

3300 CONTINUE 
XMAX=120000 
XMIN =1000 
YMAX 00011 
YMIN =0.0 
CFX =5. /(XrIAX-XMIN) 
rFY -5. /(YMM-YMTN) 

NUMER (RE )., 3., 20 

CALL T-TT-P4A(XMIN, ',, %'YIAX, YMIN., Yi%IAX., 5., 5.., 21HRFYiNOLDS NUýBER (RE )., 3., 15 
-I--'TIMICRO-ED. DIFF. . 2) 
DO 3 400 K= II Ns 
DO 3400 J I, NANG (K) 
IF (ANCOLIE(J K). Li". 250) OrD TO 3400 
Z --CFX-x- (ITRE, 3 ý Jý K) -XMIN) 
H=CFY-y- (ED(J, K) -YMIN) 
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CALL UTP3(AX(K)., Z, II, 2) 
3400 CONTINUE 

XMIN--400. 
XMAX=4000. 
YMIN =0.0 
CFY =5. /(YMAX-YMIN) 
CFX =5. /(XMAX-XrIIN) 
CALL uTp4A(XMIN, XýIAXYMINYMAX,, 5.., 5.., 21HIlEYNOLDS 

*HMICRO-ED. DIFF.., 2) 
DO 3500 K=I., NS 
DO 3500 J-1 NAING(K) 
IF(ANGLE(J,, k). LT. 250) GO TO 3500 
Z =CFX* (REO 1 (J) K) -XMIN) 
H--. CFY*(ED J., K)-YMIN) 
CALL UTMAX(K), ZH, 2) 

3500 'CONTINUE 
Y, IvIAX=O. 002 
YMIN =0.0 
XDIAX=120000 
XMIN =1000 
CFX =5-/(XMAX-XMIN) 
CFY =5. /(YDlAX-YMIN) 
CALL UTP4A(XMINXMAXgYMIN., Yr-IAX., 5.., 5.,, 21HREYNOLDS 

*11MACRO-ED. DIFF. 52) DO 3800 K=1., NS 
DO 3800 J=1., NANG(K) 
IF(A. NGLE(J.,, K). LT. 250) GO TO 3300 
Z---CFX*(RED J, K -XMINý 
H--CFY*(ED1 

ýJ fl-YMIN 

CALL UTP3(AXtK), ZH., 2) 
3800 CONTINUE 

XMIN=400. 
xi4Ax=4ooo. 
CFX =5. /(Xf, -4AX-XMIN) CALL UTP4A(XMIN, XYtAXYMINYr-IAX.. 5.., 5., 21HREYNOLDS 

*HMACRO-ED. DIFF., 2) 
Dc) 3900 K=1,1 NS 
DO 3900 J=1, NANG(K) 
IF(ANGLE(J,, K)-LT. 2.50) GO TO 3900 
Z ----CFX*(RE0lkJjK)-XMIN) 
H=CFY*(ED1(J K -YMIN) 
CALL UTP3(AXýK Z,, H, 2) 

-)goo CONTINUE 
Y, MAX--0.007 
XMIN--0.004 

YMIN ---0.0 
YMAX --0.002 
CFY =5. /(Yf, IAX-YAIN 
CFX =5-/(XMAX-XMM 
CALL UTP4A (31, 'MIN., XMI X., YMIN., YMAX., 5... 5. , 17HCOFFF OF 

*RO-ED. DIFF. j2) DO 4100 K=1, NS 
Do 4100 Jý1,11ANG(K) 
IF(ANGLE(J,, K)-LT. 250) 00 TO 11100 
Z =CFX*(CF(JK)-XMIN) 
H=CFY* (ED1 tJ K) -YMIN) 
CALL UTP3(AXtK), Z., 1f, 2) 

4100 CONTINUE 

NUMBER (RE )P305 

NUMBER (RE 
- 
)) It 15 

MOEBIM (RE )., 30 5 

FRICTION., 3p1 5WIAC 



98. 

360C 

3700 

4000 

22 
220 
333 
41,14 
555 

1001 
1002 
1003 
1004 
1005 
1006 
1007 
1008 
1009 
1010 
1012 
1012,31 
1014 
1 Ol 5 
101'-) 
1017 
9000 

v LMAX----O. 0004 
CFY =5. /(YMAX-YMIN) 
CALL UTP4A (XMIN, XMAX3 YMIN, YMAJ%. 

*RO-ED. DIFF., 2) 
'., 5.., 5.., 

,0 3600 K=1, NS 
DO 36oo J=1, NANG(K) 
IF(ANGLE(J., K). LT. 250) GO TO 3600 
Z -=CFX*(CF(J, K)-XMIN) 
H=CFY*(ED JK)-YMIN) 
CALL UT 

ýAX(K), 
Z., H, 2) 

CONTINUE 
YMIN., YMIN=O. 0 
XMAX=0.001 
CFX =5. /(. XMAX-XMIN) 
CALL UTP4A (. XMIN, XMAX, YMIN, YMAX., 5.., 5., 

*RO-ED. DIFF., 2) 
DO 3700 K=13NS 
DO 3700 J=1, NANG(K) 
Z ---CFX*(EDM(J K)-XMIN) 
H=CFY*(EDýJ, K5 "YMIN) 
CALL UTP3 AX(K)., ZH, 2) 
CONTINUE 
YMAX. --0.002 
CFY =5. /(YMAX-YMIN) 
CALL urp4A(XMINXD-IAX., YMIII, YMAX.. 5.., 5... 

*RO-ED. DIFF. 12) Do 4ooo K=1, NS 
Do 4000 J=1, NANG(K) 
IF(AN-, GLE(JjK). LT. 250) GO To 4ooo 
Z =CFX*(EDM(JK)-XMIN) 
H---CFY*(EDI(J.,. K)-YMIN) 
CALL UTP3(AX(K), Z2H, 2) 
CONTINUE 
CALL UTPCL 

FORMAT 
FORMAT 
FORMAT 
FORMAT 
FORMAT 
FORMAT 
FORMAT 
FORMAT 
FORMAT 
FORMAT 
FORMAT 
FORMAT, 
FORNMAT, 
FOR14AT 
FORMATi 
FO. RMATI 
F3RMATI 
FORPIAT 
F0,111MAT 

,, IAr I ý# n F9119 I 
7391MAT 
FORrPIAT I 
FORMAT I 

17HCOETF OF FRICTION, 3,1511MIC 

17HSPALDING ED. DIFF., 3jl5HMIC 

17HSPALDiNG ED. DIFF. 3,15HMAC 

ý 1013) 
r 12FO 0) 
ý6FO 0) 
20Ai )* 
2X,, 1013) 

ý"ly 
9E12.4) 

, 2X,, ICRAN1ý ANGLES 
2X, IMEAN VELOCITY: ' 
2X, ITUIRBULENCE INTENSITY 
2X , 'FLUCTUATING VELOCITY COMPONENT 
2XITITIME MIC910-SCALE 
2XYIMICRO-SCALE (1,11, I) 
2X, 'MACRO-SCALE ý1,114) 
2X, IREYNOLDS NUMBER 
2Xj I RETJOLDS NUPBER 
2X., 1.79EYN-OLDS N*UNBER 
2X! IIBOUNDARY LAYIER THICKNEISS (cm) 
2X, I FRICTION VELOCITY (UR) -') 
2X, IRATE OF ENERGY DISSIPATION 
2X, IFLUCTUATI1,110 VIEEL. /FRICTION 'PEL. 
2X, 'EDDY DIFFUSIVTTY :) 
2X, ICOEFFICIENiT OF FRICITION 
2X. ý 9A. 3) 

U: t) 

: ') 

:I) 

STOP 
END 
FI14ISH 
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APPENDIX Bll 

ISOMOPIC PORT AREA 
Program 

This program is concerned with calculating the variation 

of isotropic port area with valve lift. 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: 

PC 2r Po So 
11 

PO PO 

f 
(D38) A* f -1 

C-1 

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'ih; bi'owing rig 

circuit and the calibration of this orifice. 
I 

f 

INPUT DATA 

f 
NC Number of experiments. 

N Number of experimental data points at each valve 

lif t. 

PVALVE Pressure drop across the port (inches 11 2 0). 

PRIG Pressure drop across the blowing rig metering 

orifice (inches 11 
2 0). 

LIFT Valve lift. 

TITLEM Description of experimental conditions. 
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OUTPUT DATA 

MEAN Mean value of isotropic port area at a 

particular valve lift. 

Dill (I ) Rate of mass flow for difforont experimental 

points at each valve lif t. 

AM Isotropic port area for different experimental 

points at each valve lif t. 

-'-. v 
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J-"-'-3 11300JI. -NS1505 1" , '-T2"J M'R AN 
qu-m 
Dr-icumr-: w snunc. -ý 

PROGRAM04300) 
COMPACT 
INPUT 1 ---CRO 
C)UT*O, T. ILI 2- T-. Po 
TRACE 2 
END 

MASTER ISOTROPIC PORT AREA 
C 

THIS PROGRAM CALCULATES THE ISOTROPIC PORT AREA IN (VlTO*P) 
C THE CORRESPONDING VALUE'S FOR EACH EXPERIlMiENTAL POINT TS CALCULATED 
C AND PRINT-ED Otris AS WELL AS; THE MEAN VALUE Fr-)R THE NUlZER 017 
C EXPERIMENTAL P0ITrLS CONSIDERED. 
c P71ALVE - THE PRESSURE7 43 ACROSS THE Il ' DR 01 NLET POnT. 
C PRIG = THE PRESSURE DROP ACROSS THE OnTFICE OP THE 13LOWING SIC, 

REAL LIFT 
DIMENSION Q(20), Ql (, 710), 11(20) PRIG(20) PVALVT.: (20), 

#Pl (PO), tP2 A 20 TITLr- DDI(20) * 2 0 (10ý OI I 0 
(20)j, 

,, 
( )., , V (2 ), ,C - P(2 ) 

=I. 11'235714 
E2=1.7142357 
cT--o. ooo472 
READ 11111) NC 
RE-AD l.. 222) 
READ 1,222) 
DO 500 J(, --lljlTC 
READ(1,95 5 (TITLE(I), I=lt5) ; 

12 RE D 2 L-TF'"-, ' Z 

I AD 1s1 '1 
I 

READ 1,222 
-11EAD 1,22,21ý ? RIG(I)., l=lqil5 
DO 100 I=1..,, 
PRIG( r)=PR! GW42-54 - PVALVl-: (I)=, r'%-'ALVE 1)*2.54 

=93. *DARIG(I 1 
21 =93. +PVAL%T, I) 

--=SZRT(-: -72 (1) . 2.44) V2 I 
- R=l- P2(1)/101 00. ) 

COTIP 
, i2 (I =V2 (I )/*CDT P 

*00 CONTI 111Uý 
Al-IM-0 =0.0 

DO 400 J=13N 
DO 300 1` 16 
DP=P3IG(, J)-l, l(l) 
IF Yl 50 , 2-00 , 300 

. . 150 ql 
rlo TO 250 

200 Ql(j)=! ZkI) 
250 D". 1 (J 1W* CT 

A (J) (J )^12 (J) 
AMEANT =A7, T-, - , "ýl +A (J) 

GO To 400 
300 CO? "TIIW'- 
400 C 31 - rL 17' 4 UE- 

AMEAN =A? -lEAl. 'Vt-T 
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WRITE(2., 333 TITLE(L), L=1,5) LIFT, AMEA11rj 
V. ntITE(2, p4lý4ýýDM(I), A(I), PRIGý1), PVALVE(I)jPl(l).. P2(I)., COMP(l), I-lp 

*N) 
500 CONTINUE 
ill FORIMAT(5IM 
222 FORMATý10FO. O) 
333 FORMAT 2X, 5A8, /'VALVE LIFT=', F8.4., 1. MM'., '1-lEAN ISOTROPIC AREA =1, 'E20 6) 
444 FORMATý70XE13.4)) 
555 FORMAT 5A8) 

STOP 
END 
FINISH 

----4 

I 
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APPENDIX B12 

MODEL OF CYCLIC VARIATION 
Program 

This program is concerned with verifying the 

assumptions used in developing the thooretical model of cyclic 

variation as discussed in Chapter a. 7ho program compares the 

theoretical predictions of the model for cyclic variations 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 tintes 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 and the standard variation 
I 

of these ratios relative to their mean value. The input/output 

data for this program could be summarisqd as follows: 

T'A,? T)TTrr TIAMA 

u Gas velocity at the time of ignition. 

S (U) Standard deviation of gas velocity. 

IHETA Characteristic parameter representing the burning 

time, e. g. angle of occurrence of maximum pressure. 

S711ETA Standard deviation of the burning time or the 

corresponding parameter used. 
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INPUT DATA (continued) 

AF Air/fuel ratio. 

T Temperature. 

P Pressure. 

SL Laminar flame speed. 

RAM Engine speed. 

OUTPUT DATA 

SST Theoretical prediction of variations in burning 

time assuming a constant value of the critical 

flame kernel radius. 

SST'r Theoretical prediction of variations in burning time 

assuming a critical radius of the flame kernel of 

some multiple ratio of small scale eddies. 

RATIO, RATIO 1 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. 

Y, M, Yh1l Mean values of RATIO and RATIO 1 over the total 

number of experimental points respectively. 

SD, SI)l Standard deviation in RATIO and RATIO 1 respectively. 

SMI, SM11 Coefficient of variation of RATIO and RATIO I 

respectively. 

SDM = SD/Yht 
(B39) 

SDMl = SD1/Yht 
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JOB N3702N, NS150') 
HPFORTRAN N370,,, EXT 
UXUMENT SOURCE 

MASTER mODEL OF CYCLIC VARIATION 
C 

REAL NEU., DIEU 
DIMENSION X(100), Xl(100)., X2(100)., Y(100),, VC(9) 

READ(1,444) (VC(I), I-1,9) 
Al= 0.0165649 
A--o. 65938047 
D--0.0968375 
DO 200 j=l 6 
IýIRITE(2,666) 
READ(1,111) NP 
sy., SY 1. Sys., SYS I --o. 0 
DO 100 1=1 NP 
READ(1,222) U., SUJTHETAjSTHETAjAFTP RPM 
U=U*0.3o48 
su=su*o. 3o48 
IF((J-r-'-Q-3)-OR-(J. EQ. 4))GO TO 10 
P =P* 10 1 30o/l 4.7 

10 COINTINUE 
RHO=P*28.93/(8314.3*T) 
TO---T-273. 
MEU=VT(VC, 0.00001717., O. O,, TO, -139-5). 
NEU=MEIý/RHO 

RE=U*D/NEU 
. CF--0.046/(RE**0.2) 

IF((J. EQ. 2). Oi'i. (J. EQ. 4). O, R. (j. rý, Q. 6)) CF=Cr, /44-323. /r)**O. i) 
UP-1/SQRT(CF*0.5) 
c ---UP *0.407 
SUP. =A*((D/NEU)**O. lý/ U**O. Q)*SU 
EPS---NEU*0.0407*(EXP 

Ml-C-tC*C)/2- 
(t: *C*C)/6. ) 

DEPS--NEU*Al*(EXP(C)-l-UP-(UP*UP)/2. 
T 

EDT=EPS+IIEU 
SEPS=DEPS*SUP 
DV, PSU=SEPS/SU 
YH=EDT/DEP SU' 
XH=YH-U 
IFýJ. GT. 2) READ(lj222) SL 
TF - 

J. GT. 2) GO TO 20 
iiAF=16.25-0.22*((AF-14-35)**2?. ) 
SL = (T**1.4)/(P**0.4) *11AF 

20 CON'TINUE 
SST=(NEU**0.25)*(T**0.66)*(AF**0.33)*SEPS/(4*SL*(EDT**1.25)) 
SSTT7--SST*XF- 
COEF =S, "-; T/SEP S 
COEFlt; SSTT/SEPS 
SST1 =, "'ýTHETA/(6 *91m) 
IF((J. EQ-3). OR: (J. EQ. 4)) SSTi-STHETA 
RATIO =SST/SST1 
RATI01=SSTT/SST1 
WRITE(2., 555 
WRITEý2P333 UREIUPEPS., SST1., SST., SSTT., RATIO.. RATIOI 
WRITEý22777 
1-. IRITE(2j333) UYH, XH)COEFCOEF11SEPSpDEPSD"zPSU 
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SY=SY+RATIO 
SY 1 --SY 1 +-. -iAT TO 1 
SYS=SYS+RATIO*RATIO 
SYS1=SYSI+RATIOJ*RATIO1 

X(I)=SST 
Xl(I)=SSTT 
Y(I)=SsTl 

100 CONTINUE 
N=NP 

YM=SY/FLOAT(NP) 
YM1 -! -, SYl/FIOAT(N'P) 

YY=YM*YM*FLOAT(NP) 
YY1=YM1*YM1*FLOAT(NP) 
VAR=(SYS-YY)/FLOAT(NP) 
VAR 1= (SYS 1 -YY 1 )/FLOAT (NP) 

SD=SQ. RT(VAR) 
SDM---SD/YM 
SD1=SQRT(VARl) 
SDM1=SD1/YM1 
WRITE (2., 3 33 )YM, SD, SDM 
WRITE (2., 333)YM1, SD1, SDD11 

200 CONTINUE 
111 FORMAT 1013)0) 
222 FORMAT 10FO. 
333 FORMAT 9(lX., El2.5)) 
444 FORMAT 3320.12) 
555 FORMAT 1X, /, l VELOCITY RE 

6ku-. vrIAX) S(ST) 
666 FORMAT(4ox. lMODEL OF CYCLIC 
777 FORMAT(2X., ' VELOCITY YH 

DEPSU DEPSUI) 
STOP 
END 
FUNCTICN VT(CFVO, TC, TTTC) 
DIMENSICN CF 9 X(2), F(2) 
TR1= (TO+273 / TC+273 
TR2= (TT+273 / TC+27fl 
X(1)= 1.33*TR1 
X(2)= 1.33*TR2 
DO 2 I=I,, 2 
F(I)= 0.0 
DO 1 J=1,, 9 

1 F(I)= F(I)+CF(J)*(X(I)**(j-l)) 
2 CONTINUE 

vm L= VO*P(2)/F(l) 
R3rURN 
END 
FINISH 

NO. U+ 
S (ST* RATIO 
VARIATIONS'/) 

XH COEF 
-----4 

It 

EDDY DIF 
IIATIC* I) 

COEM SEPS 



107. 

APPENDIX B13 

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 wire 

material by a least square eVror linear regression. 

The input data are the measured values of: wire resistance 

at various temperatures during the heating up and cooliý-g down processes, C2. 

y the %vire cold resistance and the lead resistance. 

The output data are the calculated value of cc as given 

by: 

OL (RH/RC) T (B40) 

Denoting [(RII/RC) - 1] as x and AT as the least square 

line approximating the set of points (x 
lF, Y (x 

2' Y2)' 

(xN, yN) has the equation 

a0+aIx 

, where a0 and aI are given by the following relations 

(B41) 

o (, i 2) 
- ao - 

(1: 
-g 

(I1K) (IEYI'i) (B42) 
,X2 ,_(, )()2 Nj 

and 

(B43) 
NI: X2 (V() 

2 



Mag 

The value of the temporaturo coofficiont (x is 

given therefore by the calculated value of a1 while ao equals 

zero for the straight line passing througlt tho origin. 

The output results are usually obtained as a Craph. 

showing the experimental results and the calculated value of 

o(. 

.t 
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I 
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J"'P :, '1-10sll, 91IS1505 

SIURCF, 
LIWARY (F. D., SUBGROUP. NAGF) 
LIBPARY 
Til RY (FD.. 7V7, U. -5, T; 

If')C. lAT. 1 (114 10 

CIO 
2" LFO 

0 T, ; ý, ,I 

MASTER TEMP. EUTVE COEF"-1'%lt"rt 
c *#* 

DIMENSION R(100) T(100) ALVIIA(100) 
a Co*: CTMI/M/Erý(l 00ýpY(1005 pL,, it oil CALL UTPOP 

RVtD(l, v222) VS 
Dr--' P-00 K-1 115 

F .,. ADkIpl1l) 
^iEAD(lplll 

'00 J-. IP (11-1 DO 2 

. 7c 
ry1c WT 
: --ALPHIA -'. 0 
Tr 1CO T-It(? I-J 
ýýT(I) T, (I)-L-C 4.55555 
f(I)n(TI -7tL *RT- 

ALPHA(I - Yý 
ý SALPM S; %LTll;. A+ALPHA(l) 

100 ril ý rl TI MIE. 

,. AT, L LEAST SqUARE 
SALM-A a -SALPHA 

101-J) 
-(-, C-3*2)40- 55555 

=-- (:?, v ý. Rcs-x 
I-MITE(NR jrr., ýi xALPWkjlý: I-Ipjll-. Tý 

Er s444. T" : (2 
=0.0 

'r, "Ax -0 -3 'AOO. 

. 0. ý 4 

CALL 
*7ir, ' ý -1 ,2 

3 250 IP 

)0 91.1 (t. 11 
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YY = SFY*ýY(IP)-YMIN) 
CALL UTP3 1 H*, XX.. YY,, 2) 

250 CONTINUE 
200 CONTINUE 

111 FORMAT' I OFO 0) 
222 FORMAT 1013) 
333 FORMAT 2X., IRC ='., F8.33'DHMS TC='.. F8.3. t' *t., FlO. 7., 'A=I, FlO. 7., 'B- I., FlO. 7/ 

OC MEAIT VALUE OF ALPIIA 

*I Of ALPHA DT ALPHA DT 
*ALPHA Dr ALPHA DT ALPHAI/) 

444 FORMAT (2X, 6(l XF7 3, lxF9 7)) 
555 FORMAT(5(lX., F7-3JXF7.6)ý 

CALL UTPCL 
STOP 
END 

SUBROUTINE LEAST SQUARE. ' 

COMMON /Bl/ X(100), Y(100), NA,, B 
SX, SX2., SY., SY2., SXY--O. 0 
DO 1 I=1., N 
sx = Sx+x (I) 
SX2 =SX2+X(I)*X(l) 
SXY = SXY +X(I)*Y(I) 
SY = SY +Y(I) 

1 CONTINUE 
D= SX2*-PLOAT(N)-(SX-*,. qX) 
A= ýSY*SX2-SX*SXY)/D 
B= FLOAT(N)*SXY-SX*SY)/D 
RETURN 
END 
FINISH 

I 

I 

ALPHA DT 
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B13-2 - CYLINDER-TO-CYLINDER VARIATION Program 

This program is concerned with estimating the extont 

of cylinder-to-cylinder variations in the turbulent field 

characteristics. It consists of a simplified version of the 

general program (STATISTICAL ANALYSIS) discussed in Appendix D4. 

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 program discussed 

in Appendix B5. 

It 

I 
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MASTER CYLINDER TO CYLINDER VARIATIONS 
C 

COMMON /Bl IX( 12,10), CA (10), NANG, NC 
READ (1 

31 11 NC, NANG, NS 
READý11222 G 
READ(1,222 (CA(I), I=1., NANG) 
DO 10 IS=1, NS 
DO 1 J=I, $NC READ(1,222)(X(I, J), I=1., NANG) 

1 CONTINUE 
IF((IS. EQ. 1). OR. (! S. EQ. 4)) GO TO 3 
DO. 2 J=1., NC 
DO 2 : 1=1., NANG 
X(I, J)=X(I, J)*G 

2 CONTINUE 
3 CONTINUE 

CALL STATISTICAL ANALYSIS 
10 CONTINUE 

111 FORMAT(lOI3) 
222 FORMAT ý1 OFO. 0) 

STOP 
END 

SUBROUTINE STATISTICAL ANALYSIS 
DIMENSION SD(l 0)., SDM(l 0), SKEW (10) 

3 VMN (10) 
2 WIX(l 0).,. CVR(l 0).. Vr4(l 0) 

REAL KURT(10) 
=1010N /Bl/V(12,, 10), CA(10), NANG., NC 
Do 4 J=1., NANG 
SV=0.0 
DO 5 I=I., NC 

5 SV =V+V, (J, I) 
Vm(j) = Sv/. Nic 
SVS, DV3, DV4 =0.0 
DO 1 I=l NC 'I 
SVS = SvS+v(j., fl*v(jjI) 
DV =V (J., I) -yM (J 
DV3 = DV*D. 'I*DV+D. V3 
Dv4 = mT3*Dv 

1 CONTINUE 
Y= VM(J)*Wi. I(J)*NC 
VAR -- (SVS-Y)/(NC-1 
SD(J) SQRT(VAR) 
SD! 4(J) SD(J)/VT. I(J) 
SD3 = SD(J)*VAR 
SD4 = VA-'9*VAR 
SKEWýfl= DV3/(SD3*(NC-1) 
KURT J= DV4/(SD 
Vni (J) 

. vrix (J) =v (J., 1 
DO 21 =1 11C 
Lp (vrlll (j 

- LT VýJ, I)) GO TO 2 
wil"ll"T (J) =v (i I 
IV =1 

2 CONTINUE 
D, '-3 31 -1 ITC 
! F(VMX(Jý'-GT. V(J., I)) GO TO 3 
vm, (J) =v (J., I) 
flix =I 
CONTINUE 
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CVR(j) = (IVTýlx(j)-vTv7iN(J))/Wl(i)*ioo. 
WRITEý2 333) CA(J), VT4(j), Vj,, jX(j), VrV(j). 

*, XURT J CVR(J), S. D(J), SDM(J), SKEW(J) 
14 CONTINUE 

3-33 F3RP. lAT (9(IX)EI2.4)) 
RETURN 
END 
FINISH* 

-- 

I 



114. 

B13-3 TADUL&TED DATA Program 

The main purpose of this program is to generate 

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 cyclo, 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: 

The minimum and maximum values of engine speeds 

I in the Table. 

2. The width of cycle sample (crank angle degrees). 

3. The sampling rate on the ADC see/sample). 

and 4. The size of the data block used in storing the 

digitized data. 
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JOB. -, T280. vNvT-, TSl505 
LUFDRTRAN 
R U" J. 

7500 
CARDLIST 
DOCUTMIENT SOURCE 

LIBRARY EDSUBGROUPFSCE 
LIBRARY T7DSUBGROUPGRAF 
LIBRARY EDySUBGROUPUSUB 
p ROGRAM(N230) 
COMPACT 
INPUT 1 CRO 
OUTPUT 2 LPO 
TRACE 0 
END 

MASTER TABULATED DATA 
C 
C FOR CALCULATING THE CORRECT ENGINE SPEED AND THE SAMPLE NUMBER 
C FOR THE AUTO-CORRELATION AND POWER SPECTRUM ANALYSIS 

INTEGER SR 
DIMENSION ADl0LE(100),, NA(100)., ND(100) 
MAX RPM =3-900. 
MIN RPM =500. 
DO 1200 IT=1,, NT 
READ(1,111)NANGLE, IIT., NS, SR., NB 

111 FORrIAT(4I4 
READ(1,113ý (ANGLE(I)., 1=1, NANGLE 

113 FORDIAT(12FO . 0) 
nO 1100 11,; --6. * 10.12 
i __o NSI= 120. *(10. **6)/(lD'lAX RPM *FLOAT(SR)) 
DO 1000 NP-NSl.. NS., 5 
RPkl=l 20. * (10.4*6)/FLOAT (NP*SR) I 
'IF(RPM. -T, T. MIN RPM) GO TO 1100 
SS=720. /NP - X= FLOý'T IW)/SS 
NW= NINI 

ýX) 

NW2= NINT (X/2. ) 
NIC-OUNT - NIl\`T( FLOAT(NB)/X) 
NDI -QlB-NW IF(J. Eq. 16) J--O 
IF(J. GT. 0) GO TO 800 
WRITE(2., 222 I-R, IIH 
WRITE(22333 (ANGLE(l), I l, ',! A:,, Tr,,, Lr-- 

VniITE(2,444 
800 CONTINUE 

DO 900 I=ljNA', TGL'ý' 
"'-A(I) = NTN. T(ANGLF(I)/SS) 
ND(I) ==TTA(I) N112 

900 CONTINUE 
,; Rl'77 2,5-- TTPj_: `E! -ijSSv 'A('L), I=liqANGLE 
WRHE 2,666 (ND(I NANGLE )3NCOU, 'ri 
J=J+l 
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1000 CONTI14UE 
1100 CONTINUE 
1200 CONTINUE 

222 FORMAT(1111,30X, 61H TABULATED DATA FOR CALCULATING THE CORRECT ENGI 
XNE SPEED (RPiAl)/., 30X., 71 HAND SANPLE, NU=R FOR THE AUTO -CORRELATION 
XAND POITER SPECTRUM ANALYSIS//120X., 1611SAMPLING RATE = o15 , 2711(MIC 
XRO-SEC. ), CHUNK WIDTH =., 14., qH(DEGREES)) 

333 

x4x, 21INP., 4X.. 311RPIý1,2X, 11HSAMPL'E SIZE., 21Xv 32HSAMPLE NUMBER/SAMPLE DI 
*FFERENCE, 20V, 25X 12(2XIF4.0)) 

555 FORrIAT(2XI4,2X., Fý. l., 2X., F6.3., 3X.. 12(2X., I4), 2XsllHCLEAR FROM j12j4ll 
*TO 214) 444 FORMAT(120H ------------------------------------------------------- 

------------------------------ ~ -------------------------- ~ ------- 

666 FORPIAT(25X. 912(2X., I4). 95X., 11HCC)UýIT NO. ' -., 14/) 
STOP 
END 
FINISH 

-., ý -0 


