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Application of a Laser Doppler Anemometer to the Study
on the Nature of Turbulent Intermittency

Toru KOSO, Yutaro NISHINO and Yasutoshi SENOO

A novel method to measure the conditional turbulent zone averages in a
fully developed jet is demonstrated. In conventional methods to study the
turbulent intermittency, hot wire signals are processed to detect the turbulent
zone and then the conditional average velocities are obtained.
processing is cumbersome and difficult to set the threshold of turbulence
without ambiguity. = In a jet flow, the surrounding non-turbulent fluid is
entrained into the turbulent zoze, but the reverse process never occurs. There-
fore small particles seeded in the nozzle flow remain only in the turbulent zone.
By means of a laser doppler anemometer (LDA), the velocities of these parti-
cles are measured, therefore, the turbulent zone averages are obtained directly.

This paper describes an experimental comparison of this method with the
conventional one. A circular air jet seeded with DOP particles was blown into
a seedless coflowing stream. Then the mean velocities and the turbulent inten-
sities were measured by a LDA processed with a frequency counter, and they
were proved to coincide with the values secured by means of conditional aver-
age of HWA signals. Furthermore, a seedless jet in a seeded coflowing stream
was measured, and the effects of selective seeding on the mean velocities and
the turbulent intensities were examined to understand the entrainment and the
turbulent mixing process of jet.
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Fig.1 Low turbulence wind tunnel with a jet nozzle
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DO 30 J=1,NK
I=I+1
II=I-1I0+1 (2 : printer)
IF(I.EQ.I0) WRITE(2,300) ND,A(1),A(3),UB,IC
IF(I.GT.IN) GO TO 50
CALL FNA4(LI,I,LA)
TRAVERSE & UJ UC TC

CALL TRAV(Y(II),O0) ~— automatic traversing
CALL INPUT(' ND=',4,XX)
IF (XX.LT.0.5) GOTO 36
ND=XX+0.1
A(14)=ND
NDA=NDAOQ
IF (NDA.GT.ND) NDA=ND
A(18)=NDA
WRITE(2,350) ND,IC
CALL MES1(A(5),A(4),A(7)) —— monitor of flow conditions
WRITE(4,130) II,LA,Y(II),A(4),A(5),A(7),IT,IC 4 : CRT)
WRITE(2,310) II,LA,Y(II),A(4),A(5),A(7),A(6),

A(9),A(10),IT,IC

LDA
CALL LSET(FS) ——reset [/0 interface
CALL LINPX(ND) ~— acquisition of LDA data
CALL LLOC ~—localize [/0) interface
AVERAGE (NDA)
CALL EXOVCK(ND,IOV) «—examine acquired time data
IF (IOV.NE.O) GOTO 80
CALL EXREAD(1,NDA,B1,B2,IB3,0,IE) ~—read out sample data
FFS=FS

CALL TRAN1(NDA,B1,B2,IB3,FFS,UB*1.E6,TB,FF,A(15),A(17))
L. processing of sample data
A(16)=FF*1_.E6
FFS=FS*1.E-6
IF(TA*ND.LT.600.) GO TO 40
CALL MES1(HC,HJ,TC)
WRITE(2,320) A(15),A(17),HJ,HC,TC,FF,FFS,IC
A(7)=(A(7)+TC)/2.
A(4)=(A(4)+HT) /2.
A(5)=(A(5)+HC) /2.
GO TO 45
WRITE(2,330) A(15),A(17) ,FF,FFS,IC
A(2)=Y(II)
A(11)=UB
A(12)=TB
A(13)=FS
EX MEM TO MT
CALL EXMT (ND,LA,A,IE) «—write acquired data on MT
IF(IE.NE.QO) GO TO 99
CONTINUE

(a) central part of main program

Fig. 5 Program LS1 for acquisition and processing (FORTRAN-80)
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Processing of 1LDA data
DATA TRANSFORM (without 3¢ rejection)
FA:MHZ , FS:HZ----- > FS:MHZ
UB:(M/S)/MHZ , UA:M/S , Al-—a—- > A1:M/S
TB,TA:SEC , A2--—--- > A2:SEC
SUBROUTINE TRAN1(ND,A1,A2,IA3,FS,UB,TB,FA,UA,TA)

N Qooan

DIMENSION A1(ND),A2(ND),IA3(ND)
DATA FB/14.9596/

FA=0.
U0=0.
U1=0.
DO 10 I=1,ND
KT=IA3(I)/16
KD=IA3(I)-KT*16
A1(I)=A1(I)*(2.**KD)*FB
A2(I)=A2(I)*(2.**KT)*TB+,2E-6
FA=FA+A1(I)
A1(I)=(A1(I)+FS)*UB*1.E-6
IF(ABS(A1(I)).LT.1.E-2) GOTO 10
3?;810:1Sfc/;gé; E}'\?} :8:)) ) } biasing correction with 1-d weighting
10 CONTINUE
TA=0.
DO 20 I=2,ND
TA=TA+A2(I)
20 CONTINUE
‘ FA=FA/FLOAT(ND)*1.E-6
FS=FS*1.E-6
UA=UOQ/U1
TA=TA/FLOAT (ND-1)
RETURN
END

C Acquisition of LDA data
SUBROUTINE LINPX (ND) (write on external memories)
c LDA I/O TO EX MEMORY ND:EVEN .LE.21844
COMMON /EX0/ LO,MO,M1
L0=2'3678"
MO=L0+4
M1=L0+5
CALL POKE (L0+3,2'82')
C EX WRITE ADDRESS-CLEAR
DO 10 I=1,ND,2
20 IF(INP(Z'C6').AND.7) GO TO 20
CALL POKE (MO,INP(Z2'C0'))
CALL POKE (M1,INP(Z'C2'))
CALL POKE (MO,INP(Z'C4'))
30 IF(INP(Z2'C6').AND.7) GO TO 30
CALL POKE (M1,INP(Z'C0'))
CALL POKE (MO,INP(Z'C2'))
CALL POKE (M1,INP(Z'C4'))
10 CONTINUE
RETURN
END

(b) subroutine TRAN1 and LINPX
TRAN 1, Processing of LDA data (without 3 ¢ rejection)
LINPX, Acquisition of LDA data (Transfer digital data from frequency counter to
external memories via [/O interface)

Fig. 5 Program LS1 for acquisition and processing (FORTRAN-80)
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Fig. 10 Effect of selective seeding in initial
region of jet (x/d=3)
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Fig. 11 Effect of selective seeding in initial
region of jet (x/d=5)
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Fig. 12 Effect of selective seeding in fully
developed region of jet (x/d=10)
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Fig. 13 Effect of selective seeding in fully
developed region of jet (x/d=20)
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Fig. 14 Effect of selective seeding in fully
developed region of jet (x/d=50)
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Fig. 15 Effect of selective seeding in fully
developed region of jet (x/d=100)
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£
Table 1(a) Jet seeding (x/d=3)

No. ID /P2 A%f Nt ‘/?/A,;m R(Hz)
1 - L405 —0.2778 0.9979 0.0375 733.4
2 L 406 0.0 1.0000 0.0296 477.4
3 L 407 0.1852 0.9987 0.0328 492.1
4 L 408 0.3704 0.9933 0.0428 604.4
5 1L.409 0.5556 0.9593 0.0674 548.5
6 L410 0.7407 0.7997 0.1486 403.4
7 L411 0.9259 0.5425 0.1926 236.9
8 L412 1.1111 0.3085 0.1728 165.5
9 L413 1.2963 0.1356 0.1319 54.6

10 L414 1.4815 0.0308 0.0841 28.1

11 L415 1.6667 —0.,0192 0.0499 5.0

12 L.416 1.8519 —0.0073 0.0127 4.3

13 L417 2.0370 —0.0056 0.0071 2.6

14 L418 2.3148 —0.0032 0.0052 1.9

15 L419 2.7778 —0.0022 0.0038 1.7
Table 1(b) External seeding (x/d=3)

No. D Y/ ¥ 2uf ity ‘/7/45,“ R(Hz)
1 L 458 0.3704 0.9654 0.1073 1.3
2 L 450 0.5556 0.8646 0.1455 6.8
3 L 460 0.7407 0.6781 0.1889 68.7
4 L 461 0.9259 0.4239 0.1890 36.5
5 1462 1.1111 0.2006 0.1407 76.5
6 L 463 1.2963 0.0548 0.0701 62.8
7 L 464 1.4815 —0.0001 0.0281 43.7
8 L 465 1.6667 —0.0058 0.0137 113.9
9 L 466 1.8519 —0.0051 0.0085 67.6

10 L 467 2.0370 —0.0048 0.0062 77.1

11 L 468 2.3148 —0.0032 0.0040 89.4
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Table 2(a) Jet seeding (x/d=5)

No. D ¥/ 92 A/ Ay N R(Hz)
1 1.506 —0.0283 0.9997 0.0493 364.2
2 L507 0.1604 ©0.9934 0.0521 376.6
3 L 508 0.3491 0.9647 0.0691 359.7
4 L509 0.5377 0.8732 0.1219 321.1
5 L510 0.7264 0.7238 0.1671 282.3
6 L511 0.9151 0.5647 0.1814 204.9
7 1.512 1.1038 0.4063 0.1738 206.7
8 L513 1.2925 0.2767 0.1536 147.1
9 1514 1.4811 0.1666 0.1261 83.8

10 L515 1.6698 0.0829 0.0965 62.4

11 L516 1.8585 0.0274 0.0697 28.7

12 L1517 2.0472 —0.0033 0.0504 5.2

13 L518 2.3302 —0.0079 0.0184 0.5

14 L519 2.8019 —0.0006 0.0046 0.3

Table 2(b) External seeding (x/d=5)

No. ID /2 20/ B \/7/412,,. R(Hz)
1 L.556 —0.0283 0.9676 0.1002 28.8
2 L.557 0.1604 0.9448 0.1129 28.0
3 L558 0.3491 0.8836 0.1346 69.7
4 L 559 0.5377 0.7678 0.1594 71.7
5 L5560 0.7264 0.6373 0.1768 111.4
6 561 0.9151 - 0.4865 0.1780 134.8
7 L 562 1.1038 0.3360 0.1643 148.5
8 1.563 1.2925 0.2082 0.1344 150.0
9 1.564 1.4811 0.1000 0.0947 161.5

10 L 565 1.6698 0.0306 0.0493 139.6

11 L 566 1.8585 0.0014 0.0220 124.5

12 L567 2.0472 —0.0024 0.0129 123.5

13 L.568 2.3302 —0.0026 0.0072 158.2

14 L569 2.8019 —0.0009 0.0039 120.2
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Table 3(a) Jet seeding (x/d=10)

No. ID B7E2% Auf A, \/?/Aﬁm R(Hz)
1 L 607 0.0238 0.9999 0.1799 180.0
2 L608 0.2619 0.9424 0.1907 189.5
3 1.609 0.5000 0.8241 0.2056 141.8
4 L.610 0.7381 0.6743 0.2077 119.2
5 L611 0.9762 0.5229 0.2007 91.5
6 L612 1.2143 0.3875 0.1860 107.6
7 L613 1.4524 0.2671 0.1612 108.6
8 L614 1.6905 0.1660 0.1309 117.1
9 L615 1.9286 0.0837 0.1032 76.2

10 L616 2.1667 0.0327 0.0794 28.2

11 L617 2.4048 —0.0017 0.0582 6.2

12 :L618 2.8016 —0.0046 0.0197 0.6

Table 3(b) External seeding (x/d=10)

No. D ¥/ e A3/ Ay, \/_u—'*’/zm,., R(Hz)
1 L 657 0.0238 0.9396 0.1855 59.8
2 L 658 0.2619 ©0.8712 0.1944 81.3
3 L 659 0.5000 0.7351 0.2070 121.5
4 L 660 0.7381 0.5923 0.2016 146.5
5 L.661 0.9762 0.4496 0.1905 158.5
6 1.662 1.2143 0.3169 0.1677 160.8
7 L 663 1.4524 0.2053 0.1370 162.7
8 1L.664 1.6905 0.0895 0.0869 91.1
9 L 665 1.9286 0.0327 0.0516 50.6

10 L 666 2.1667 0.0060 0.0231 123.8

11 L 667 2.4048 0.0005 0.0143 84.9

12 L. 668 2.8016 0.0000 0.0074 148.8
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Table 4(a) Jet seeding (x/d=20)

No. ID ¥/ 32 A/ B \/_ﬁ/m;m R(Hz)
1 L.007 —0.0419 0.9983 0.2453 201.0
2 1.008 0.0977 0.9917 0.2479 213.0
3 L 009 0.2372 0.9504 0.2517 211.6
4 L010 0.4233 0.8673 0.2580 196.9
5 Lo11 0.6558 0.7225 0.2596 136.7
6 Lo12 0.8884 0.5778 0.2527 112.2
7 L.013 1.1209 0.4335 0.2315 83.0
8 Lo014 1.3535 0.3045 0.2050 73.0
9 L 015 1.5860 0.1940 0.1774 51.9

10 L.016 1.8186 0.1075 0.1481 23.3

11 L017 2.0512 0.0344 0.1154 7.4

12 L 018 2.2837 —0.0040 0,0864 1.9

13 L.019 2.7488 0.0021 0.0113 0.3
Table 4(b) External seeding (x/d=20)

No. D ¥/ 23/ Bt Vit gy R(Hz)
1 1.057 —0.0419 0.9537 0.2479 33.4
2 1.058 0.0977 0.9223 0.2521 44.6
3 1L.059 0.2372 0.8510 0.2586 44.5
4 L 060 0.4233 0.7634 0.2599 75.2
5 L1061 0.6558 0.5910 0.2449 92.6
6 L 062 0.8884 0.4395 0.2275 131.5
7 L063 1.1209 0.3166 0.1986 161.5
8 1064 1.3535 0.1907 0.1530 84.2
9 L.065 1.5860 0.0958 0.1077 78.4

10 L 066 1.8186 0.0258 0.0558 79.9

11 L067 2.0512 0.0049 0.0269 52.8

12 L068 2.2837 0.0010 0.0178 56.2

13 L.069 2.7488 0.0001 0.0094 51.1

— 140 —



BEemBEREREREE $2%8 $15 (1988)

Table 5(a) Jet seeding (x/d=50)

No. D R 22/ S NI R(Hz)
1 L104 —0.0239 0.9993 0.2865 49.5
2 L105 0.0957 0.9852 0.2890 49.4
3 L.106 0.2153 0.9617 0.2884 52.2
4 L107 0.3349 0.9167 0.2969 50.0
5 L.108 0.4545 0.8649 0.3004 57.6
6 L.109 0.5742 0.8002 0.3001 50.1
7 L110 0.6938 0.7245 0.3018 49.5
8 L111 0.8134 0.6589 0.2962 45.4
9 L112 0.9330 0.5854 0.2885 38.8
10 L113 1.0526 0.5071 0.2814 38.9
11 L114 1.2919 0.3661 0.2582 27.5
12 L115 1.5311 0.2398 0.2408 19.2
13 L116 1.7703 0.1313 0.2064 10.1
14 L117 2.0096 0.0445 0.1655 3.6
15 L118 2.2488 —0.0153 0.1106 1.1
16 L119 2.4880 —0.0052 0.0497 0.5
17 L120 2.9665 0.0021 0.0220 0.2
Table 5(b) External seeding (x/d=50)
No. ID ¥/ 9172 2/ B N R(Hz)
1 L154 —0.0239 0.9645 0.2873 69.6
2 L155 0.0957 0.9485 0.2907 69.6
3 L156 0.2153 0.9157 0.2911 84.0
4 L157 0.3349 0.8685 0.2908 82.3
5 L158 0.4545 0.8093 0.2933 102.1
6 L159 0.5742 0.7406 0.2924 110.3
7 L160 0.6938 0.6683 0.2911 98.3
8 L161 0.8134 0.5972 0.2864 109.1
9 L162 0.9330 0.5249 0.2802 120.0
10 L163 1.0526 0.4643 0.2695 85.2
1 L164 1.2919 0.3266 0.2496 98.4
12 L165 1.5311 0.1553 0.1891 103.8
13 L166 1.7703 0.0131 0.0594 77.3
14 L167 2.0096 —0.0053 0.0438 107.4
15 L168 2.2488 —0.0019 0.0273 140.4
16 L169 2.4880 —0.0036 0.0229 105.8
17 L170 2.9665 —0.0001 0.0178 134.9
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Table 6(a) Jet seeding (x/d=100)

No. D /2 S Biim NI R(Hz)
1 L.204 —0.0379 0.9946 0.3185 29.1
2 L 205 0.0379 0.9999 0.3150 32.6
3 L 206 0.1136 0.9837 0.3180 36.3
4 L. 207 0.1894 0.9708 0.3225 37.5
5 L. 208 0.3409 0.9177 0.3200 37.7
6 L 209 0.4924 0.8412 0.3267 36.4
7 L. 210 0.6439 " 0.7650 0.3292 32.7
8 L211 0.7955 0.6705 0.3257 27.5
9 L 212 0.9470 0.5648 0.3188 24.4

10 L 213 1.0985 0.4674 0.3114 22.0

11 L 214 1.2500 0.3859 0.2987 18.0

12 L 215 1.4015 0.2983 0.2853 13.5

13 L 216 1.5530 0.2108 0.2600 8.8

14 L 217 1.7045 0.1295 0.2402 5.1

15 L.218 1.8561 0.0544 0.1996 2.7

16 L 219 2.1591 —0.0192 0.1115- 0.6

17 L 220 2.7652 0.0017 0.0406 0.3
Table 6(b) External seeding (z/d=100)

No. D ¥/ 172 23/ g N R(Hz)
1 L254 —0.0379 0.9628 0.3138 25.9
2 L255 0.0379 0.9714 0.3155 27.2
3 L256 0.1136 0.9661 0.3184 33.0
4 L257 0.1894 0.9385 0.3172 35.4
5 L 258 0.3409 0.8765 0.3186 46.5
6 L.259 0.4924 0.7968 0.3231 52.3
7 L260 0.6439 0.7041 0.3183 52.0
8 L261 0.7955 0.6179 0.3179 50.5
9 L 262 0.9470 0.5250 0.3091 54.5

10 1.263 1.0985 0.4410 0.2989 45,2
11 L.264 1.2500 0.3610 0.2853 40.1
12 L 265 1.4015 0.1982 0.2474 56.3
13 L.266 1.5530 0.0451 0.1225 138.0
14 1267 1.7045 0.0032 0.0855 92.1
15 L.268 1.8561 —0.0159 0.0825 43.1
16 L269 2.1591 0.0031 0.0295 92.1
17 L270 2.7652 0.0002 0.0237 84.2
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