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Experimental investigation of the flow field downstream of a plane
turbine cascade in transonic flow

by
Kio ck

Summary

The aerodynamic coefficients of a cascade are mostly evaluated from
.pressures and f10w angles, which are measured in a moderate distance
downstream of the cascade. But in some cE*es, the l0cal flow para-
meters close behind the cascade are of rnterest: for the considerdion
of the flow field at inlet of a rotor forlowing a stator or vice versa,
from fluid mechanical reasons as wel as from the point of view of
noise generation. This goal requires a probe, which allows measure-
ments in a flow fierd of high pressure gradients. For this purpose,
a three-finger probe was designed and calibrated, The paper now
describes the measurement of total pressure, static pressure and
flow angle in several distances cl0se behind a turbine cascade.
Average values are evaruated from these.local values by means of
the laws of conservation. The flow field is discussed on the basis
of these rryat<e flow quantities and of schlieren picture, too. Investiga-
tl0ns were carried through in the High speed cascade wind runnel
at an isentropic Mach number of Mar* = 1.00 and at a ReynoldsnumberofRer=5.10'.

Notation

€M, o
I

coordinates of wake traverse
blade chord
exlt Mach number of lsentropic
cascade flow

Ma.* = t(n*/norf
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total pressure
static pressure
exit dynamic pressure of isentropic
cascade flow
exit ReYnolds number
blade pitch
degree of turbulence
flow velocitY
flow angle
blade angle
density

ratio of axial mass flow densities

dynamic viscositY

plane far uPstream of the cascade

plane close downstream of the cascade

plane far downstream of the cascade

tarik
theoretical, i. e. isentropic cascade flow

pressure surface
suction surface
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1. INTRODUCTION

Cascade research is restricted in many cases to the average flow
coefficients: wake traverse measurements are taken in some distance
downstream of the cascade, and the local flow parameters are trans-
ferred to average values using the laws of conservation. These results
are completed by pressure distributiors, schlieren observations and
boundary layer measurements. However, the local flow values in the
vicinity of the blade trailing edge are of interest in some cases. Let
us consider the flow through an axial turbomachine, the axial gap
between a stator and a rotor is of the order of 20 to b0 /6 of. the
blade chord. In this distance, the flow parameters change strongly
along one blade pitch, especially in the transonic flow range. Now the
rotor inlet flow has to be knoum from aspects of fluid mechanics, noise
and strength as it was mentioned on the AGARD conference of
trUnsteady Phenomena in Turbomachineryr' [l] . ttrese data can be
achieved by theory and by extrleriment. Anyhow, they should be
compared qrith one another.

These local flow data can be measured downstream of a plane cascade.
But most probes do not allow to take measurements in a flow field
with pressure gradients in the exit flow direction, because the distance
of the individual probe tappings is not constant to the plane of the blade
trailing edges. Therefore, a probe was designed, which avoids this
disadvange. with this probe, measurements of total pressure, static
pressure and flow angle were taken in several distances downstream
of a gas turbine cascade.

2. PROCEDURE OF TESTING

The measurements were carried out in the high-speed cascade wind
tunnel of the Institut fiir Aerodynamik, DFVLR Braunschweig (figure 1) ,
[z]. rnis facility operates in a closed circuit rvith an open test section.
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The black areas indicate the range of a strong pressure gradient

from the wake traverse measurement. The agreement with the shocks

from the schlieren observations (density gradients) veriJied that the

probe blockage effects are small in these caEies. The schlierens also

showed a periodic flow pattern with no reflected shocks from the free

shear layer.

3. LOCAL WAKE DATA

Figure 4 demonstrates some local flow values in the plane of the

blade trailing edges. All parameters are plotted against the coordinate

u parallel to the cascade front along one pitch t' u = 30 mm was

chosen to be the centre of the blade or the centre of the wake (next

figures). In the region of the blade u = 22 up to 33 mm, no measure-

ments could be carried out, of course. In this figure, the static

pressure and the flow angle change strongly along the pitch, e' g' F Zu

covers a range of more than 10o. Therefore these parameters may not

be put as a constant as this has been done in some cases [0]. 1tne

location of the jump in pressure and Mach number again agrees fairly
well with the shock location from the schlieren picture (u = 34 mm).

The figure also contains the pressure which was measured at the

tapping in the blade trailing edge. That pressure looks to be the

lowest of the whole pitch. It indicates the pressure in the dead water

zone of the blade.

some real wake data are showr in figure 5. The results of four wake

traverse planes are plotted abreast: The local values of flow angle

(above), static pressure change (middle) and Mach number (betow).

Downstream of the profile the flow angle changes strongly because

the flow is highly accelerated and turned along the suction surface.

Acceleration and turning are much lower along the pressure Surface'

tentre of bladefwake
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From these diagramms it can be stated that the frow is periodica'y
lJ::1:,H T:il ""' varues at the begin and at the 

"na or the pitch

The static pressure as well as the flow
even in a distance r

Mo r e ove r,,," 
" "," 

Lil"- jil::i':"']#tr 
H* T# ;f #"?"cases the flow angle is not measured alor the traverse oistanJ.';;;': :,.:'"^:-,i1"" 

the whole pitch the choose

important. 
rnce and of the origin of the wake coordinate are

The biggest distance investigated here, e*/l = 0.400, is adequate tothe normal rryake traverse plane. In that
Mach number is given." ""*n*,";:""riltI?;TJ:iT",T #::is small, i. e. the shocks are not severe.

4. AVERAGE WAKE DATA

The local data discussed above were av
and plottet over the ;;;: ;:',: T*"ted ror a homogeneous rlow
constant in au plane"t:tH";-ij#jt*" 6' rhe results should be

ffi j;_T"":"Trror"r". "*"t or ar, '," ."loJa"u";H'"f;rljl",TJl,
rL =,. oo I 0.,, u;:;# ;:I":J" ffff;"'*,ff::::j
:.11* br'nr)/tr,n does not change with e*/l at the low Machnumber. But in the high Mach number cr

ffi;lj,#;.,T ff to the ract that ,,J;J:";:".1,1,J"1"1,"""rn
than that u"ru" ,r,i.r,i"":x;"rT il;l:r:"*"ure change is 370 rower

T.* o, is higher than p*. rhis resuu TT,til#:Jil JT:distribution of the static pi-u""o"" in a free jet. tt. ffnOf.fn IAJfound that (n - n*)/a = 0 through 0.08 closdistance ot x/Dlo tr,"ooer, 4, D meani"_ :":;'J".rl"l"ilj. ,;.;r", "



- 128

F, = 90'5o Rer= 5'10 5 Tul =4%

o t Harrn= 1,00 I t l"larrn= 0'30
1.04

Ma
1.00

th=f pKlrr)
-f

0.00

Pof Poz

4z tn
0,02

1.0

Pr -Pz

?z tn
a8

0.7

J)
1.0

0.9

1.1

t t t l
\zn'-no)

0 0.1 0.2 0,J 0.4 0.5 0 0.1 0.2 0.J 0.4 0.5
en ll

0.96

0.92

0.J1
l,la

0.30

0.26

0.22

n 30o
P2

200

260

lnzl

=f pzlpw)

en ft

Fig. 6 Average values of flow parameters downstream of the

cascade

r-
A

,3n

+ -.€).

ao

129 -

other side the exit flow energy is unimportant in our case, becausethe area ratio between cascade exit and tank cross section is l:100.Hence' the tank pressure revel is not increased by the cascade exitfrow' These results verify that the back pressure may not be usedas mean static pressure for cascade investigations.

;:" ;H" il "ll,$ : ;k:Il, g.ll ;H" :J[" J HT, T:" *:tendency' Mixing losses are included, since the laws of conservationare applied on an area with streamlines as lateral limitations. Jt is
;:::r*l"i":inffi::"il *":#* "T"X;il''T*;#i,,
the tangential stresses of friction and turbulence have been neglected.However, close to
as it is shown *J[""T,"ffJ;H"iin:il,1':::;,f{ 

"""""."-wake is of high intensity [gJ. trrerefore, these assumptions shouldbe checked at future investigations as far as they concern traversesclose to the cascade.

The tendencies of totar and static pressure are refrected in the exitMach number. The right upper diagram shows Mach numbers ofdifferent definitions. The basis is the isentropic Mach numbe1.00 depending on back nress,,-o ^ ^-; :,;:t:'-*o"o number M"2th=

tr*T"il_,;1:*J;:#i::,'il,f i"::1,ffi ;TJJ[,",it.*'"
averase exit Mach "l# nl; ="r.T",:.r;;"H*:#";:":"" 

"clear definition and of a coneit measurement is quite obvious.
The average exit flor
p,ane to the other. #l?:lj *ilJ ;:::il"'ffi ::: TJ:ffi".as rather accurate.
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5. CoNCLUSIONS

compressor and turbine design requires some knowledge about local

flow data along one pitch. For measurements of these near wake data

a special probe was developed which allows accurate measurements in

flow fields with pressure gradients in the circumferential direction

and in the flow direction as far as the flow is two-dimensional in the

range of the probe tappings. The local flow values were transferred

to those of a homogeneous flow using the laws of conservation.

The main results of the measurements with this probe downstream of

a plane transonic turbine cascade may be summarized as follows:

Not only the total pressure, but also the static pressure and the

flow angle do strongly change along one pitch'

shock location of the schlieren picture agrees fairly well with

the range of the high pressure gradient in the wake traverse'

The average static pressure of the wake traverse differs from
the back pressure by (pZ - n*)/Orrn = 3Vo.

Average static pressure change and average flow angle are not

affected by the distance from the cascade.

The loss coefficient increases with the distance due to some

assumptions in the evaluating procedure.
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