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Three Dimensional Flow Measurement in the Axial

Compressor with a Single Slanted Hot-Wire

by Takao KUMAGAI, Hideho TANAKA and Hideo MARUTA

ABSTRACT

To measure three-dimensional air flow in the axial flow compressors, several
kinds of slanted hot-wire anemometery techniques have been developed in recent
years. Quick response and less disturbance to the flow are the typical advantages

of this method of measurement.

In our experiment, the measuring system consists of a hot-wire anemometer

with a single slanted wire probe and a data processing system.

Exit flow of

the axial flow compressor with 15 rotor blades is measured by the system. The
anemometer output signals, obtained by locating a probe at three positions in
each 120°orientations, are sampled, averaged and calculated using the directional
consines technique. The resulting processing data show the values for three-
dimensional components of mean velocity, swirl angle and pitch angle. The de-
cay and the diffusion of the rotor wakes are also presented.
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SUBROUTINE WIRE
THREEE DIMENSION FLOW CALCULATION ***

DIMENSION AA(100) ,BB(100) ,CC(100) ,EA(100) ,EB(100) ,EC(100},
1 HA{100) ,HB(100) ,HC(100) ,VX(100) ,VY(100},VZ (100},
2 E{100) ,V(100) ,S{100) ,P(100),SS(100) ,PP(100) ,W(100Q) ,
3 WY {100) ,YY{100) ,VXX{100) ,VYY(100) ,VZ2Z(100)

COMMON /DAT1/ SMPPNT,SMPLRT,REPEAT

COMMON /DAT2/ ALPHA,U,LD,COEF

COMMON /DAT3/ A(100) ,B(100) ,C(100)

COMMON /DAT4/ Z{200}

INTEGER SMPPNT: SMPLRT

WRITE(2,110) SMPPNT,SMPLRT

FORMAT ( 3X7HSMPPNT=,13,5X7HSMPLRT=,13)
FORMAT(F10.2)

RAD=0.017453

EPSIRN=54.7*RAD

BI={ O.+ALPHA) *RAD
BJ=(30.-ALPHA) *RAD

BK=(30.+ALPHA) *RAD

BXI=COS (BI} *SIN{EPSIRN) *(~1)
BXJ=SIN(BJ) *SIN{EPSIRN)

BXK=SIN{BK) *SIN(EPSIRN)
BYI=SIN(BI)*SIN(EPSIRN)*(-1)
BYJ=COS(BJ) *SIN(EPSIRN)

BYK=COS {BK) *SIR{(EPSIRN) *{-1)
BZI=COS { EPSIRN)

BZJ=COS { EPSIRN)

BZK=COS { EPSIRN)

N=SMPPNT

DA 50 I=1,N

E(I)=SQORT(0.5%* (A{I})**2+B(I)**2+4C(1})**2))
V(I)=E(I)*COEF
AA(1)=0.5%(-A(I)**2+4B (1) **2+C(1)**2)
BB(I)=0.5*(A(I)**2-B(I)**2+C(I)**2)
CC(I)=0.5*(A(I)**2+B(I) **2-C(I)**2)
IF(AA(I).LT.0) GO TO 200
EA(I)=SQRT(AA(I})

HA(1)=-(EA(I) /E(1))

IF(BB(I}.LT.0) GO TO 250
EB(1)=SQRT(BB(I1))

HB(1)=EB (1) /E(I)

1F{CC{I) .LT.0) GO TO 300
EC(I)=SQRT(CC(I))

HC{1}=EC(1) /E(I)

GO TC 350

EA(1)=SQRT{-AA(I))

HA{I)=-100.

EB(I)=SQRT(-BB{I})

HB(1)=100.

EC(1)=SQRT(-CC{I1))

HC(1)=100.

HEAER 7 e 75 &)

350 VX(1)=E(I)*(HA(I)*BXI+HB(I)*BXJ+HC(I)*BXK)
VY (I)=E{1)a(HA(I)#BYI+HB(I)*BYJ+HC(I)*BYK}
VZ (1) =E{1) » (HA(I) #+BZI+HB (1) #*BZJ+HC (1) #BZK)
ST=SQRT(VX{I) #424VY (I} +a2)
P(I}=ATAN(VZ(I)/ST)*180./3.14
S{1)}=ATAN{VY(I)/VX(I})+«180./3.14

S0 CONTINUE

WRITE(2,360)

360 FORMAT('WIRE NR ?'}
READ(1,370) IWNR

370 FORMAT(14)
D=LD*.01

R=0.146240.1787*D
UY=3,1416*2000./60.%2 .*R
DO 24 I=1.N
$85=S(I)-ALPHA
PP(I)=-0.036*P(1)**2+0,88+*P(1)+9.47
SW=0,003%SSS%%2+(1.2-0.017*PP({I)) *555-0.2
SS(1) =SW+ALPHA ~
VXX(I)=V(I)*COS{SS(I) *RAD) *COS(PP{I) *RAD}
VYY(I)=V{I)*SIN(SS(I)*RAD) *COS(PP(I)*RAD)
VZZ (1) =V(I) *SIN{PP (1) *RAD)
WY (I} =UY-VYY(I)
W{I)=SQRT(WY(I)**24VXX{I) *#24VZZ(I)**2)
24 CONTINUE
WRITE(6,200) COEF
FORMAT{/1H ,10XSHCOEF=,F7.4/)
WRITE{6,2100)
WRITE(6,2150) (I,A(1),B{I),C{I}, HA(I),
1 HB{I) ,HC(I},1=1,N}
WRITE{6,2300)
WRITE{6,2350) (I,VX{1} ,V¥(I},v2{1},s(1),
1 P(I),WY{I),¥(I),I=1,N)
WRITE(6,2200)
WRITE(6,2210) (I,VXX{I},vYY(I),v2z({I),
1 SS{1),PP{I),V(I},I=1,N)
2100 FORMAT{ 1H1,2X1HI,3X4HA(I),4X4HB{(J),4X4HC(K),
1 6XSHHA(I} ,SXSHHB(J) ,5XSHHC(K) /1H )
2150 FORMAT{14,3F8.2,3F10.4)
2200 FORMAT{1H1,2X1HI,SX3HVXX,7X3HVYY, 7X3IHV2Z,
1 6XSHSWIRL, SXSHPITCH,SX1HV/1H )
2210 FORMAT(I4,6F10.2)
2300 FORMAT({1H1,2X1HI,6X2HVX,8X2HVY,BX2HVZ,
1 6XSHSWIRL,5XSHPITCH,6 X2HWY ,9X1HW/1H )
2350 FORMAT(14,7F10.2)
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