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Abstract: This paper presented an experimental inv est igat ion the effects o f the tr ailing edge cooling

on the aerodynamic per formance. T he experiments wer e conducted on the low�speed linear cascade

tunnel at No rthw estern Po ly technical Univer sity . The ex ternal aerodynamic char act eristics in the 40

percent chord downstr eam of ex it plane w ere measur ed using f ive�hole probe w ith the different ejec�

tio n r ates. The results show ed that the total pressur e lo ss coefficient at t he m iddle spanwise plane

increased at f irst and then it has a decreasing t endency w ith the incr ease of ejection ratio . The trai�

ling edge cooling w ould influence the st ruct ur e o f t he turbine cascade outlet flow f ield. When the e�

jection r ate was 3% , the lo ss ar ea near the blade endwall w ould become str onger, but it would be�

come weaker w ith the 6% ejection r atio . On the who le, the t railing edge cooling had more influence

on the profile loss than on the secondary lo ss.
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Introduction

� � In order to increase the specific thrust and to

reduce the specif ic fuel consumpt ion of gas tur�
bine eng ines, higher turbine inlet temperatur es

are needed. This need for high temperatur es re�
sults in a demand for ef fect ive cooling of high�
pressure turbine blades. M any of the blade coo l�
ing systems involve eject ion of cooling flow s into

the hot g as st ream at various points on the

blade. One of the most crit ical locat ions on the

blade w here coolant eject ion is performed is the

t railing edge. The mixing o f coolant with main�
st ream gases can result in aer odynamic losses,

w hich w ill inf luence the eng ine per formance.

Aerodynam ic aspects associated w ith edge

coolant ejection in steady tw o�dimensional blade�
to�blade flow over a range of ex it M ach numbers

and coolant pressure rat ios w ere studied by

Deckers and Denton [ 1] . It was concluded that

the ef fect o f coo lant eject ion is a substant ial in�
crease in the base pressure and a reduct ion in o�
ver all loss. Pappu and Schobeiri [ 2] investig ated

the aerodynamic effects of t railing edge eject ion

on mix ing losses dow nst ream of cooled gas tur�
bine blades. The results indicate that for an ejec�
tion velocity rat io of unity , the t railing edge ejec�
tion reduces the mix ing losses. A n invest igat ion

of the f low f ield downst ream of a turbine t railing

edge coo led nozzle guide vane is described in

Sieverding et al
[ 3]

. A cutback trailing edge ejec�
tion system discharging on the pressure side o f

the blade is used. It w as concluded that the cool�
ant flow eject ion did not pr oduce any unusual

w ake flow pat terns in the measurement planes.

This feature w as explained w ith very rapid m ix�
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ing o f coolant with mainst ream flow. Mee [ 4] dis�
cussed the experimental methods r equired to

compare dif ferent t railing edge r eg ion coo lant e�
ject ion geometries. It is suggested that if the ad�
dit ional complex ity associated w ith foreign gas e�
ject ion or cooled air injection is to be avoided.

T he ex ternal aerodynamic loss characterist ics

w are measured using PIV and total pr essure

probe by U zo l et al[ 5 ] . The results show that

ther e is a eject ion rat io w ith that the ex ternal

aerodynamic loss is greatest. SU N Daw ei and

QIAO Weiyang [ 6] invest ig ated the tw o differ ent

tailing edge coo ling w ith numerical simulat ion

and experiment. It w as concluded that aer ody�
nam ic perfo rmance of pressure side cutback coo l�
ing is bet ter than the symmetry slo t coo lant ejec�
t ion. Other resear cher s[ 7�12] have also done a lot

of r esearch w ork.

T he downstr eam f low field of a linear tur�
bine blade is invest igated w ith several eject ion ra�
t ios on this study . The main object ives of this

paper are to study the inf luence of dif ferent ejec�
t ion rat ios on the aerodynamic character ist ics of

external f low field and to tr y to g et a signif icant�
ly conclusion w hich w ould help to the turbine

cooling designer.

1 � Experimental facilities

� � The present invest igat ions w ere carried out

in the low�speed turbine cascade w ind tunnel of

Nor thw estern Po lytechno logical University. The

w ind tunnel is pow ered by a 18kW motor w ith a

fan. This then pr oceeds to a diffuser, a set t ling

chamber, a series of f low condit ioning screens, a

contraction and then into the test sect ion as

shown in Fig. 1.

T he test sect ion consists of tw o par al lel end

plates, aligned horizontally, betw een which a

cascade w ith 7 blades is installed. The middle

blade is inst rumented to simulate t railing edge

coolant ejection. The inlet sect ion has a recgular

cross sect ion perpendicular to the f low direct ion,

w ith dimensions of 300mm � 90mm .

A traver se system w as built specif ically fo r

this cascade tunnel. The t raverse consisted of a

F ig . 1 � Low�speed linea r cascade tunnel at

Nort hw estern Po ly technical Univ ersity

three�ax is movement system. M ovement of each

axis is contr olled by individual stepper mo to rs

w hich are contro lled through a personal comput�
er ( PC) . The inlet total pressure w as measured

using a total pr essure probe. The Traverse

measurements in the 40 percent chord down�
st ream of the cascade exit plane w ith a five�ho le
probe are conducted w ith different eject ion rati�
o s. The f ive�hole probe w ith ex ter nal size o f 2. 6

mm was mounted on three�ax is coordinate move�
ment system. The probe w as f ix ed to the upper

w al l of the cascade and w as inserted into the f low

field. T he probe w as calibrated in a probe cali�
brat ion w ind tunnel. T he accuracies o f the meas�
ured total pressure and velocity are 0. 01 percent

of the inlet m idspan values f rom where all the

reference parameters w ere taken. T he uncertain�
ty of the measured f low direct ion w as bet ter than

1 deg. T he total number of measur ement po ints

w as 630 ( 15 spanw ise � 42 pitchw ise locations) .

The tur bine blades have a chord leng th o f

0. 0646m, w hich g ives a pitch�to�chord rat io o f

0. 725 and a span�to�chord ratio of 1. 39. T he

blades are placed w ith a 42. 5 deg stagger ang le

w ith an inlet flow angle of 0 deg and an ex it f low

ang le of 65. 1 deg . T he w idth o f t railing edge

coo lant slot is 1mm. The st ructure of the blade

are show ed in Fig. 2.

In this test the M ach number based on the

w as 0. 092 and the Reyno lds number based on

the tr ue cho rd length and ex it velocity w as

1. 117 � 105 . The f reestr eam turbulence intensity
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F ig. 2� Schematic of blade w ith cooled ejection slot

was less than 1% . The coolant is supplied by an

compressor f rom the air. So the coolant has the

same characterist ics as the freest ream .

2 � Results and discussion

� � The to tal pressure loss coef ficient is

def ined as:

�= p t0 - p t1

1
2
�u2

Where p t0 r epresents the inlet to tal pressure and

p t1 represents the local total pressure. 1
2
�u2 is

the dynamic pressure o f the ex ternal f low plane.

2. 1 � Measurement result at midspam plane

� � Fir st a to tal pr essure t raverse at midspan of

the middle blade is performed independent ly u�
sing a f ive�hole pr obe w ith eight ejection rat ios.

T he result is illust rated in Fig. 3.

F ig . 3� Curve of ejection ratio to to tal pressure lo ss

coefficient at mid spanwise plane

As shown in Fig. 3, w hen the eject ion rat io

is low , the to tal pressure loss coef ficient increa�
ses at first and then it has a decreasing tendency

w ith the incr ease of ejection rat io. T he point

w here the total pr essure loss coef ficient is largest

is the state w ith the 2. 9% eject ion r at io. With

the higher eject ion r at io, the total pressure loss

coef ficient decreases sw if tly w ith the increase o f

eject ion r at io.

In or der to know mo re about the influence o f

coo lant jet on the ex ternal aerodynam ic charac�
terist ics, the total pr essure loss dist ribut ion o f

ex ter nal wake is show n in Fig. 4.

F ig. 4� Ex it w akes at mid spanw ise plane

w ith coo lant ejection

Fig. 4 show s that the loss top and w idth o f

the w ake become lar ge w ith the increase of ejec�
tion rat io under the condit ion of low eject ion rati�
o . When the eject ion r at io is 2. 9%, the loss top

of the w ake reaches the bigg est point. A nd then

the loss top increases cont inually w ith the in�
crease of eject ion rat io, the w idth of the w ake

becomes short evident ly. T he w akes move to the

suct ion side of the blade comparing w ith the

w ake w ithout coo ling jet.

The reason of the change of the external

aerodynamic loss characterist ics w ith coolant e�
ject ion at midspan plane w as explained in litera�
ture [ 6] . The midspan plane of turbine cascade

is no t almost inf luenced by the secondary f low .

So the r ule of the change o f the total loss pres�
sure w ith coo lant eject ion at the midspan is the

same as the change of prof ile loss.
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2. 2 � Measurement result of the out flow field

� � T he flow f ield at the exit o f the turbine

blade w ere also investig ated. w ith three eject ion

rat ios. T he three ejection r at ios w hich are decid�
ed based on Fig . 3 are 0% , 3. 0% and 6. 0%. Be�
cause the turbine cascades in the test are linear

cascade, the structures o f the upside and down�
side f low f ield are sim ilar . Only the half f low

f ield w as measured. Fig. 5, Fig. 6 and Fig. 7 show

the distr ibution o f total pressure loss w ith the

three eject ion ratio s. As the to tal pressure loss

contours show , w hen the ejection rat io is 0%,

the flow f ield is not inf luenced by the coo lant and

the shape o f w ake is str aight . T he higher loss re�
gion which ar e near the endw all and at the 20%

spanw ise height are obv ious because of the sec�
ondary f low . T he core locates at 13% spanw ise

height. When the e eject ion r at io increases to

3� 0%, the w ake moves to the suction side and

turns to curve. The shape o f the w ake lo oks l ike

 C!. T he loss o f the w ake become larg er. Espe�
cially, in the endw al l region w ith higher lo ss,

the loss intensity and area o f this region become

str ong obv iously. The core moves to the 10%

spanwise point . For 6. 0% ejection rat io, the f low

f ield is inf luenced by the high speed coo ling gas,

the w ake moves to the suct ion side ev ident ly.

T he shape of the w ake become more curv ing and

the  C! dist ribut ion is mo re visible. Comparing

w ith the w ake for the 0% eject ion rat io, the

w idth becomes sho rter and the loss intensity and

area of the high lo ss region near the endwall be�
come w eaker. T he core moves up to 12% span�
w ise height.

T he spanw ise dist ribut ion of the total pres�
sure lo ss w ith three ejection rat ios can be seen in

Fig . 8. The total pressure lo ss coef f icients w ith

the 3. 0% eject ion rat io are the most of the three

states and the loss coeff icients for the 6. 0% ejec�
t ion rat io ar e the least of all. Betw een the 50%

and 20% along spanw ise height , the differ ence of

the loss coef f icients for the three eject ion rat io

are almost changeless. The reason fo r the invari�
ability of the lo ss maybe that the total loss is

F ig. 5� T otal pr essure loss contour w ith 0%

ejection ratio

Fig . 6 � To tal pressure lo ss contour w ith 3. 0%

ejection ratio

Fig . 7 � To tal pressure lo ss contour w ith 6. 0%

ejection ratio

most ly inf luenced by the pro file lo ss w hich be

determ ined by the eject ion r at io in the test and
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the effect of secondary f low is w eak in this re�
gion. But in the endw all reg ion w hich be most ly

influenced by secondary f low ( below 20% span�
w ise height ) , the change o f the total pr essure

lo ss coef f icients are dif ferent evidently. The

dif ference o f total pressure loss betw een the

three eject ion r at io mean that the t railing edge

coolant eject ion w ould influence the outlet sec�
ondary f low .

F ig . 8 � Average total pressur e loss coefficient

distribution along spanwise height

In or der to study the influence o f the t railing

edge coolant eject ion on the differ ent kinds of the

aerodynamic lo ss at the ex it , the total lo ss is di�
vided into pro file loss and secondary lo ss. The

average o f the total pressure loss coeff icients on

the thr ee planes near m idspan is considered as

the pr ofile lo ss of the blade. T hen the pro file

lo ss subtract f rom the total loss g iv es the second�
ary loss. Fig. 9 show s the differ ent kinds of the

F ig . 9� Curve of ejection ratio to to tal loss,

pro file loss and secondar y lo ss

aerodynamic loss for the three eject ion rat io .

As show n in Fig. 9, the total loss and the

pro file loss have the same chang ing tendency,

they increase at f irst and then decrease w ith the

increase of eject ion rat io. T he secondary loss has

the similar changing tendency, but the r ange o f

the loss changing is not ex tensive.

3 � Conclusions

� � Experiments on a linear turbine cascade ar e

performed to study the inf luence of tr ailing edge

coo lant eject ion on aerodynamic loss characteris�
tics in this paper. T he results show that :

1) At the m idspan plane of blade, the to tal

pressure loss increases at f irst and then it has a

decreasing tendency w ith the increase o f eject ion

ratio foe the low eject ion rat ios. A nd for the high

eject ion r at io, the to tal pressure loss decreases

sw ift ly w ith the increase of eject ion ratio. In all

cases the calculated results exhibit fair agr eement

w ith experiment data. The wakes move to the

suct ion side of the blade comparing w ith the

w ake w ithout coo ling jet.

2) T railing edge coo lant eject ion can pro�
duce the heavy influence on the st ructure of the

outlet f low f ield. With the increase of eject ion

ratio the w ake moves to the suct ion side, and the

w ake becomes more incurved.

3) The out let secondary f low st ructure can

be inf luenced obv iously by the t railing edge cool�
ant ejection. Comparing w ith the state w ithout

coo lant ejection, the intensity of the secondary

flow turns to str ong evident ly fo r the 3. 0% ejec�
tion r at io, the intensity become w eak for the

6. 0% eject ion rat io.

4) T he prof ile loss and secondary loss w ould

increase at f ir st and then decrease w ith the in�
crease o f eject ion r at io. But the changing range

of the secondary loss is smaller evident ly than

the prof ile loss.
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