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Figure )11( Laterally averaged adiabatic 
effectiveness for small، large tip gap and 

shelf.

6. CONCLUSIONS
 Results show that the effectiveness at 
small tip gap is better than at large tip gap to 
reach maximum enhancement 12.6%.
 The adiabatic effectiveness increases as 
the amount of coolant flow increases.
 When the shelf is starting of blade and 
beginning to inter the cooled flow، the blo -
ing ratio is not affected in it.
 Finally،the pressure coefficient distr -
bution results show a good agreement with 
experimental and computational data for 
Christophel et al.
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Figure )7( Predictions of adiabatic effectiv -
ness along the tip for the large tip gap with 
holes blowing at ratios of )a( 0.5%، )b( 1%، 

)c( 1.5% and )d( 2%.
 

Figure )8(Laterally averaged adiabatic e -
fectiveness for large tip gap at four blowing 

ratios.

 

Figure )9( Area averaged of adiabatic e -
fectiveness for two tip gap sizes at different 

blowing ratio.

Figure )10( Predictions of adiabatic effe -
tiveness along the shelf.
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Figure )3( Streamlines released from 1.5 
tip gap heights below the shroud that are 
colored by the non-dimensional spanwise 
velocity component for film holes blowing 

with a: a( small tip gap and 1% blowing ratio، 
and b( large tip gap and 1% blowing ratio.

 
 

Figure )4( Streamlines colored by non-
dimensional temperature released from 
the film holes for a )a( small tip gap and 

2% blowing ratio، )b( large tip gap and 2% 
blowing ratio، )c( small tip gap and 1% 

blowing ratio and )d( large tip gap and 1% 
blowing ratio.

 

Figure )5( Predictions of adiabatic effectiv -
ness along the tip for the small tip gap with 

blowing ratios )a( 0.5%، )b( 1%، )c( 1.5% 
and )d( 2%.

 

Figure )6(Laterally averaged adiabatic e -
fectiveness for small tip gap at four blowing 

ratios.
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Table )1( Values of constants in the )k-ε( 
model at Launder and Spalding [13

 
Table )2(Spesial design of geometry and 

flow condition of the blade.

Table )3( Holes locations

 

Figure )1( Shows the mesh at )a( duct، )b( 
shroud، )c( blade، )d( boundary layer mesh 

around the holes، )e( holes، )f( point at holes 
edge.

 Figure )2(Predicted the static pressure ce -
ficientdistributions at suction and pressure 
sidefor )a( computational of present study، 

)b( experimental and computational from 
Christophel et al.[5]
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Figure )11( shows the laterally averaged adi -
batic effectiveness plot for the large، small tip 
gap and shelf at blowing ratio of 1%. Figure 
)11( predicts the adiabatic effectiveness i -
crease at shelf when compare with small and 

large tip gap، because the shelf is not affected 
by heat transfer such as the tip and at shelf is 
starting to inter the cooled flow to blade and 
it's not affected by heating of blade.
5. NOMENCLATURE

97

 Engineering ResearchD
IJ
LA

H



is unaffected by blowing from holes. Overall 
the small tip gap shows higher effectiveness 
levels than the large tip gap for each blowing 
ratio. The small tip gap shows that average e -
fectiveness increases with blowing ratio. The 
small tip gap case shows that the average e -
fectiveness only slightly increases when the 
blowing ratio is increased from 0.5% to 1%. 
The reason for this is that at the lowest blowing 
ratio cooling is provided to the tip because 
the coolant is injected into the tip gap with 
a small amount of momentum so that it a -
taches to the tip surface immediately. At the 
highest blowing ratio the coolant is injected 
with so much momentum that it impacts 
the shroud and turned back to cool the tip 
surface. At the blowing ratios between these 

two extremes، the momentum of the injected 
coolant is high enough that it cannot initially 
attach to the tip surface yet low enough that 
it does not sufficiently impact the shroud to 
return to the tip. Some of this coolant rea -
taches to the tip surface further downstream 
while the rest is lost to the tip leakage flow.
Figure )10( predict the adiabatic effectiv -
ness along the shelf. From this figure،a good 
cooling at large area of shelf and the blo -
ing ratio do not effected on the cooling of the 
blade because the main hot flow impacts the 
shelf therefore it will be static and the heat 
transfer will be decreased، that means the 
blowing ratio will not affect on the adiabatic 
effectiveness.
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of blowing ratio increases. With the small 
tip gap، the cooling effectiveness improves 
as the blowing of coolant is increases from 
the 0.5% to the 2% blowing case. The ave -
aged effectiveness levels for any blowing r -
tio are not significantly larger than the other 
blowing، because tip temperatures can be no 
lower than the coolant temperature، there is 
an apparent limit to the amount of cooling 
that can be gained by increasing the coolant 
flow from the film holes. The coolant that 
floods the tip gap is eventually swept away 
with the tip leakage into the mainstream flow 
and does not remain in the tip gap past x/Bx = 
0.85 to cool regions closer to the trailing edge. 
This is an important result for the gas turbine 
industry because the amount of air used to 
cool the turbine blades has an adverse effect 
on the overall engine efficiency.
Predicted adiabatic effectiveness drops off 
substantially when the tip gap is increased 
to its large height. Figure )7( showsthe co -
tours of film holes blowing at a large tip gap. 
Tip gap leakage at this tip gap height is much 
greater allowing for significant mixing of the 
coolant and mainstream gases that results in a 
reduction of cooling.Tip effectiveness predi -
tions for the large tip gap of Figure )7( do not 
follow the previous trends seen with the small 
tip and shrouds at both gap heights. Instead 
of more coolant increasing the tip cooling، the 
surface temperatures are predicted to actually 
maintain the same effectiveness levels or rise 

as coolant levels are increased from 0.5% to 
2% cooling. Predictions indicate that some 
of the best cooling occurs for the lowest flow 
rates of 0.5%. This is due primarily to the low 
momentum coolant jets that remain attached 
to the surface of the blade and cool the tip 
just downstream of the holes. At the higher 
blowing rates computations suggest hot tip 
leakage slides between the tip and coolant air 
to block much of the high velocity coolant 
jet from mixing out and cooling the region. 
This phenomena was briefly discussed in Fi -
ures )3( and )4( when looking at the flow for a 
large tip gap.
Figure )8( shows the laterally averaged adi -
batic effectiveness plot for the large tip gap. 
The x-locations of the film holes are labeled 
with vertical dashed lines. The average e -
fectiveness spikes up at the holes because 
the areas of the film hole exits are factored 
into the average as having an effectiveness of 
1.0. With the large tip gap، it's not different 
large in small tip gap only the effectiveness is 
nearly smallest because the effect of gap. The 
effectiveness increases with blowing ratio، 
especially near the holes three and four.
All the adiabatic effectiveness for holes are 
summarized in Figure )9(. Effectiveness va -
ues are averaged over the entire area of the 
blade for each case and then plotted against 
blowing ratio for both tip gap sizes. The trai -
ing edge region was accounted into the ave -
age using effectiveness values of 0 because it 
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Figures )4 a-b( with the small tip followed by 
the large tip. Notice that with the small tip، 
there is an increase in coolant distribution 
when compared to the larger tip gap. This i -
creased spreading can be explained by a nu -
ber of factors. Most significant is the effect of 
the increase in mass flow with a large tip gap. 
At a large tip gap this leakage serves to dilute 
the coolant more than would be seen with a 
smaller gap. This dilution results from high 
velocity tip leakage flow that has substantial 
momentum and does not permit holes coo -
ing to penetrate the large gap region as it 
would the small. The small tip gap has very 
good coverage over the leading edge. In fact، 
there is a slight blow-off into the main pa -
sage before the cooling flow is pushed into 
the tip gap near the mid-chord. Reducing the 
coolant levels )blowing ratio( to 1% as shown 
in Figure )4 c-d( shows a reduction in the size 
of the cooling area for both large and small tip 
cases. This comes as no surprise as a decrease 
in coolant implies lower velocities and less 
momentum to block leakage flow.
 
An astute observer may notice that with 
a small tip gap the holes flow is shown to 
cover most of the leading edge and this was 
confirmed with the streamlines released u -
stream of the blade. However، the large tip gap 
streamlines released in Figure )4 b( and Fi -
ure )4 d( lead the reader to believe the leading 
edge region covered by streamlines is cooled، 

but this is not true. Looking at Figure )3 b(، 
which depicts a large tip and 1% coolant flow، 
the streamlines released upstream of the blade 
penetrate into the leading edge allowing hot 
gases into the region.
Looking at the tip predictions of Figure )5( 
shows good tip cooling when coolant levels 
are at least 1%. As expected additional coo -
ant provides better cooling coverage of the 
tip، improving from little cooling at 0.5% to 
almost full leading edge coverage at 2%. The 
effectiveness contours at the lower blowing 
ratios )0.5%( show the low momentum coo -
ing jets being swept across the tip along with 
the hot tip leakage flow. Only as the cooling 
increases to the previously mentioned 1% is 
there enough cooling mass and momentum 
to penetrate upstream into the tip. When 
the blowing levels are at or above 1% a large 
region over the blade is cooled to levels a -
proaching η= 0.8، indicating excellent coo -
ing effectiveness. For all cases، the blade tip 
near the maximum distance between pre -
sure and suction side nearly cooled. The 
trailing edge is thermally unaffected by the 
film holes coolant.
Figure )6( shows the laterally averaged 
adiabatic effectiveness for the small tip gap 
with all four blowing levels. The peak ave -
age effectiveness for the blowing ratios o -
curs at the same x-location as the three and 
four holes.Figure )6( shows that the adi -
batic effectiveness increases as the amount 
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adiabatic effectiveness.
Figure )2(shows the pressure coefficient di -
tribution around the blade at midspan for 
small tip gap in suction and pressure side 
with the pressure non-dimensionalized by 
the inlet pressure conditions and given in 
Cp parameters.Also this results compar -
son with experimental and computational 
data for Christophel et al. [5].When the 
air approaching the leading edge of a blade is 
first slowed down، it then speeds up again as it 
passes over or beneath the blade. As the v -
locity changes، so does the dynamic pressure 
and static pressure according to Bernoulli's 
principle. Air near the stagnation point has 
slowed down، and thus the static pressure in 
this region is higher than the inlet static pre -
sure to main duct. Air that is passing above 
and below the blade، and thus has speeded 
up to a value higher than the main inlet path 
velocity، will produce static pressures that are 
lower than inlet static pressure. At a point 
near maximum thickness، maximum velo -
ity and minimum static pressure will occur.
Also this figure shows a good agreement with 
the experimental and computational data for 
Christophel et al.
Figure )3( depicts streamlines released u -
stream of the blade at 1.5 tip gaps below the 
shroud for a blowing ratio 1% and a small 
and large tip، respectively. In Figure )3a( one 
can clearly see the streamlines being diverted 
from the leading edge region by the holes. 

This figure though should not be interpreted 
to mean that there is no tip leakage around 
the holes because there is still some hot gas 
penetration into the region. We are only 
looking at streamlines released from a single 
plane upstream that allow us to obtain a ge -
eral understanding of the flow. Looking at the 
large tip gap as shown in Figure )3 b( there is 
minimal effect on the mainstream flow pa -
terns. Along the suction-side، just above the 
leading edge of the blade for the small tip gap 
notice the large number of streamlines that 
are not passing over the blade when co -
pared to the large tip gap. Along the trailing 
edge pressure-side of the blade there is also 
a substantial number of streamlines that do 
not pass over the small tip when compared to 
the large tip.
Some interesting comparisons can be made 
between the two cases with holes blowing 
)Figure 3( and the four cases with blowing 
)Figure 4(. The tip leakage vortex does not 
seem to change substantially with the holes 
blowing، but along the suction side of the 
blade just above the holes there is a noticeable 
change in the number of streamlines that are 
diverted into this area with the addition of 
blowing for a small tip gap.
Streamlines released from inside the plenum 
and colored by non-dimensional temperature 
are shown in Figure )4( for blowing levels of 
1% and 2 % at small and large tip gap heights. 
The high blowing ratio of 2% is presented in 
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= ∂/∂x)𝜞ø∂ø/∂x ( + ∂/∂y)𝜞ø∂ø/∂y ( + 
∂/∂z)𝜞ø∂ø/∂z (+Sø  … )10( 
In the present study، the )SIMPLE( algorithm 
)Semi-Implicit Method for Pressure Linked 
Equation( is used to couple the pressure and v -
locity as in Veresteeg&Malalasekera[11].
3. COMPUTATIONAL METHOLOGY
To better understand the effects of adiabatic 
effectiveness، a computational fluid dyna -
ics )CFD( simulation was also performed. 
A commercially available CFD code، Fluent 
6.3.26 [12] was used to perform all sim -
lations. Fluent is a pressure based flow sol -
er that can be used unstructured grid that 
used for the  present study. All geometric 
construction and meshing were performed 
with GAMBIT 2.4.6. To ensure a high qua -
ity mesh، the flow passage was divided into 
multiple volumes، which allowed for more 
control during meshing. The tip gap region 
was of primary concern and was composed 
entirely of tetrahedral cells with an aspect 
ratio smaller than three. Inlet conditions to 
the model were set as a uniform inlet velocity. 
Figure )1( shows the mesh of the test rig. An 
inlet mass flow boundary condition was i -
posed for the coolant at the plenum entrance 
for the cooling holes.

To allow for reasonable computational times، 
all computations were performed using the 
RNG k-ε turbulence model. Typical mesh 
sizes were composed of 4.8 million cells with 

40% of the cells in holes and around the tip 
gap region. Typical computations required 
2000 iterations for convergence.
 
4. GEOMETRY، FLOW AND BOUNDARY 
CONDITIONS
A Three-dimensional blade profile is created 
for these low speed. The scaling and design 
of blade profile and duct are discussed in 
Hohlfeld[4].Table )2( lists the run cond -
tions and input to the numerical simulations. 
The boundary condition on a bladesurface 
areassumes zero relative velocity between 
the blade surface and the shroud.All walls 
are adiabatic for adiabatic effectiveness ca -
es. The main inlet is specified as a constant 
velocity inlet at 11.3 m/s. The inlet temper -
ture in the duct )Tg( is 750 𝜞 )taken from 
al-Dorah power station(، the temperature 
that is used in cooling)Tc( take at 27 𝜞and 
the pressure that used at atmosphere cond -
tion. The cooling holes locations is shown in 
Tables )3(. The coordinate system is adjusted 
so that no coordinates are negative.
5. RESULTS AND DISCUSSION
Results are shown for cases with a baseline 
flat tip and coolant injection at a small and 
large tip gap )0.03 and 0.09 cm( respectively، 
blowing ratio) BR= U∞/Uc( of 0.5%، 1%، 
1.5% and 2% of the core inlet flow to explore 
thermal and flow effects within the passage.
The results are presented in the dimensio -
less form of static pressure coefficient and 
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2.NUMERICAL ANALYSIS
The basic equations that describe the flow and 
heat transfer are conservation of mass، m -
mentum and energy equations Arnal [)10( :
The assumptions that used for the"
 instantaneous equation are:-
 1- Steady، 3D، incompressible flow، 
single phase flow، no slip.
 2- The fluid is Newtonian.
 3- Cartesian coordinate.
The basic equations accourding to
 Verestage and Malalasekera[)11(] that 
used in Fluent[)12(] program are:
Conservation of Mass
∂/∂x  )ρu(+∂/∂y )ρv( +∂/∂z  )ρw( = 0 … )1(
Momentum Equations
u-momentum )x-direction(
∂/∂x )ρuu( + ∂/∂y )ρuv( + ∂/∂z )ρuw( 
=-∂p/∂x + ∂/∂x )μ_eff  ∂u/∂x( + ∂/∂y )μ_eff  
∂u/∂y (+ ∂/∂z )μ_eff  ∂u/∂z(+ Su … )2(
v-momentum )y-direction(
∂/∂x )ρvu( + ∂/∂y )ρvv( + ∂/∂z )ρvw( = 
-∂p/∂y + ∂/∂x )μ_eff  ∂v/∂x( + ∂/∂y )μ_eff  
∂v/∂y (+ ∂/∂z )μ_eff  ∂v/∂z (+ Sv … )3(
w-momentum )z-direction(
∂/∂x )ρwu( + ∂/∂y )ρwv(+∂/∂z )ρww( 
=-∂p/∂z + ∂/∂x )μ_eff  ∂w/∂x(+∂/∂y)μ_eff  
∂w/∂y(+∂/∂z)μ_eff  ∂w/∂z(+Sw… )4(
Energy Equation
∂/∂x )ρuT( + ∂/∂y )ρvT(+∂/∂z )ρwT( =  ∂/∂x 
)Γ_eff  ∂T/∂x ( + ∂/∂y )Γ_eff  ∂T/∂y ( + ∂/∂z 
)Γ_eff  ∂T/∂z ( + S_T … )5(
The turbulence model utilized in this anal -

sis is the two equation k-Epsilon model. This 
model is utilized for its proven accuracy in 
turbine blade analysis and for its applicabi -
ity to confined fluid flow. ) k- ε( Turbulence 
Model is one of the most widely used tu -
bulence models is the two-equation model 
of kinetic energy )k( and its dissipation rate 
)ε(. The turbulence according to Launder and 
Spalding [13] is assumed to be characte -
ized by its kinetic energy and dissipation rate 
)ε(، where
Turbulence Energy، k
∂/∂x )ρuk( + ∂/∂y )ρvk( + ∂/∂z )ρwk(  =∂/∂x 
)Γ^k  ∂k/∂x ( + ∂/∂y )Γ^k  ∂k/∂y (+∂/∂z )Γ^k  
∂k/∂z ( + G–ρε … )6(
Energy Dissipation Rate، ε
∂/∂x )ρuε(+ ∂/∂y )ρvε(+∂/∂z )ρwε(= ∂/∂x 
)Γ^ε  ∂ε/∂x(+∂/∂y )Γ^ε  ∂ε/∂y ( + ∂/∂z )Γ^ε  
∂ε/∂z ( + c_1  ε/k G -c_2ρε^2/k… )7(
where
G = μ_t {2[𝜞)∂u/∂x( 𝜞^2 + 𝜞)∂v/∂y( 𝜞^2 + 
) 𝜞∂w/∂z(𝜞^2] + )𝜞∂u/∂x+ ∂v/∂y+∂w/∂z(
𝜞^2}+S_G… )8(
S_Ggiven byIderiah[14]
S_G= -2/3 μ_t [∂u/∂x+∂v/∂y+∂w/∂z]^2-
2/3 ρk[∂u/∂x+∂v/∂y+∂w/∂z]     … )9(
The values of the empirical constant used 
here are given in Table )1(.

The governing equations 
)1(،)2(،)3(،)4(،)5(،)6( and )7( can be write in 
one general form as shown below:
)∂)ρuø((/∂x+)∂)ρvø((/∂y + )∂)ρwø((/∂z 
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by )100 c( results in average )50c( increased 
in blade temperature. The results also sho -
dthe temperature difference in blade metal 
of )250-450 c( between leading and trailing 
edges.
Fabien et al.[7] studied computationally 
a coupling strategy of a Navier Stokes flow 
solver and a conduction solver to predict 
blade temperature. The method is applied to 
the well documented NASA C3X configur -
tion. The influence of the fluid/solid inte -
face boundary condition is studied with r -
gards to the wall temperature and heat flux 
prediction as well as to the computational 
efficiency. The predicted wall temperature 
is in good agreement with the experimental 
results. The method is finally applied to the 
prediction of the blade temperature of a high 
pressure turbine representative of a modern 
engine
Maosheng and Shusheng[8]investigated 
experimentally measurements of an active 
tip-clearance control method based on tip 
injection in a high-turning axial turbine ca -
cade. Besides that، numerical investigations 
were also conducted to study phenomena 
which was not easily measured in the exper -
ments. The results suggested that tip injection 
can weaken tip clearance flow، reducing the tip 
clearance mass flow and its associated losses. 
Meanwhile، the heat transfer condition on 
the blade tip surface can be also improved 
significantly. It also can be found that inje -

tion chordwise location played an important 
role in the redistribution of secondary flow 
within the cascade passage.
Ahmed et al.[)9(]investigated numerically 
the optimization of film cooling parameters 
on a flat plate. They studied the effect of film 
cooling parameters such as inlet velocity d -
rection، lateral and forward diffusion angles، 
blowing ratio، and streamwise angle on the 
cooling effectivenes، and optimum cooling 
parameters. The numerical simulation of the 
coolant flow through flat plate hole system 
is carried out using the “CFDRC package” 
coupled with the optimization algorithm 
“simplex” to maximize overall film coo -
ing effectiveness. The results was compared 
with the published numerical and exper -
mental data of a cylindrically round-simple 
hole، and the results show good agreement. 
In addition، the results indicated that the a -
erage overall film cooling effectiveness was 
enhanced by decreasing the streamwise angle 
for high blowing ratio and by increasing the 
lateral and forward diffusion angles.
The objective of the presentwork isstudy the 
effect of blade tip and shelf on the adiabatic 
effectiveness of a turbine at different blowing 
ratio.
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the gap، a smaller leakage vortex، and less 
aero losses in the tip gap.
Hohlfeld et al. [)4(] investigated co -
putationally parasitic cooling flow losses، 
which are inherent to engines، and microci -
cuit channels. This study evaluated the be -
efit of external film-cooling flow exhausted 
from strategically placed microcircuits. Si -
nificant leading edge cooling was obtained 
from coolant exiting from dirt purge holes 
with a small tip gap while little cooling was 
seen with a large tip gap. Also the migration 
of coolant from the front leakage was shown 
to cool a considerable part of the platform. 
Several hot spots were predicted along the 
platform، which were circumvented through 
the placement of microcircuit channels. I -
gestion of hot mainstream gas was predicted 
along the aft portion of the gutter and agreed 
with distress exhibited by actual gas turbine 
engines.
Christophel et al. [)5(]evaluated exper -
mentally the adiabatic effectiveness levels 
that occur on the blade tip through blo -
ing coolant from holes placed near the tip of 
a blade along the pressure side. A range of 
blowing ratios was studied by where coo -
ant was injected from holes placed along the 
pressure side tip of a large scale blade mo -
el. Also he shows the dirt purge holes on the 
blade tip، which is part of a commonly used 
blade design to expel any large particles 
present in the coolant stream. Disregarding 

the area cooled by the dirt purge holes، for a 
small tip gap the cooling holes provides rel -
tively good coverage. For all of the cases co -
sidered، the cooling pattern is quite streaky 
in nature، indicating very little spreading of 
the jets. As the blowing ratio is increased for 
the small tip gap، there is an increase in the 
local effectiveness levels resulting in higher 
maxima and minima of effectiveness along 
the middle of the blade.
Adel H. Ayaal[)6(] studied comput -
tionally thermal analysis of a cooled turbine 
blade when the domain was divided into 
3-regions. The first was the blade to blade 
passage )external flow( governed by qusi 3D 
Euler equations in a conservative form. A s -
lution algorithm based on the finite difference 
McCormack's technique was used. The se -
ond region was the coolant passage )internal 
flow(، 2D axisymmetric Naviers Stock equ -
tion was used. A solution algorithm based 
on the finite volume was staggered as a grid 
technique. The third region was blade metal 
to which a 3D Laplaces heat transfer equ -
tion is applied. The solution algorithm was 
based on the finite difference technique. The 
computational results showed that the blade 
surface )metal( temperature is cooler than 
the surrounding gases )external hot gases( by 
about )100-500𝜞(، depending on B.C. An i -
creased in gas temperature by )100 𝜞( results 
in )50-100𝜞(increase in metal temperature. 
While the increasedin coolant temperature 
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adiabatic effectiv( ه��دف هذا البحث هو ح�ساب م�ستوى -
ness( الذي يحدث على القمة والجذر للري�سة من خلال ن�سب 
 تري��د متغ��يرة با�ستخ��دام برنامج الفلون��ت. الدرا�س��ة النظرية
 انج��زت في جريان بطي��ىْء مع فجوتان مختلفت��ان للقمة )0.03
 و 0.09 �س��م( م��ع اخت��لاف ن�س��ب مائ��ع التريد من خ��لال ثقوب
Blo( لن�سب النفث .)cooling(-film التري��د الغ�سائ��ي -
ing Ratios( الذي يحقن من التريد  مائع   من خلال جريان 
 الثق��وب التي تقع على طول القمة لنم��وذج الري�سة. رقم رينولد
تب��ين النتائ��ج  العددي��ة.  الدرا�س��ة  اأ�ستعم��ل في   )105  *2.1( 
 اف�س��ل تريد ينجز على الفجوة ال�سغيرة للقمة عند مقارنتها مع
 الفجوة الكبيرة للقمة مع اختلاف ظواهرالجريان التي تحدث في

.كل فجوة
Keywords: heat transfer، film cooling and 
gas turbine.

1.INTRODUCTION
Gas turbine engines are widely used to po -
er aircraft because they are light، compact 
and have a high power to-weight ratio. One 
way to increase power and efficiency of gas 
turbines is by increasing turbine-operating 
temperatures. The motivation behind this is 
that higher temperature gases yield higher 
energy potential. However، the components 
along the hot gas path experience high the -
mal loading، which can cause distress. The 
HPT )High Pressure Turbine( first stage 
blade is one component that is extremely e -
fected by the hot gas.
Gas turbine blades usually have a gap between 
the blade tip and the stationary casing or the 
shroud surface known as tip gap. This clea -
ance gap is necessary to allow for the blade’s 

mechanical and thermal growth. The leakage 
flow )flow through the tip gap( results in a 
reduction in the blade force، the work done 
and therefore the efficiency. This hot leakage 
flow also increases the thermal loading on the 
blade tip، leading to a high local temperature 
and thus، is considered as a primary source 
of blade failure،Metzger et al.[)1(].
The degree of cooling which may be achieved 
is dependent upon a number of factors )a(
the temperature difference between the main 
gas stream and the inlet cooling air and )b(
theconductance ratio this being defined as 
the ratio of the heat input to the blade per unit 
temperature difference between gas stream 
and blade to the heat passed to the cooling 
air per unit temperature difference between 
blade and cooling air. The heat input to the 
blade is dependent upon the blade shape، gas 
flow incidence، gas flow Reynolds number، 
gas Prandtl number، and to a lesser extent 
upon the ratio of gas temperature to blade 
temperature، and also gas stream Mach 
number،Jonas [)2(].
The work presented in this paper is co -
cerned with the effects of injecting coolant to 
the tip of a turbine blade.
Tallman and Lakshminarayana[3]
discusses tip leakage phenomena in turbines 
using a computational، pressure-correction 
based، three dimensional Navier-Stokes 
code. Their results showed that a reduced tip 
clearance results in less mass flow through 
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Abstract

Turbine airfoils are exposed to the hottest 
temperatures in the gas turbine with te -
peratures typically exceeding the melting 
point of the blade material. Cooling methods 
investigated in this computational study i -
cluded cooling flow losses، which are inhe -
ent to engines. Film-cooling is one typically 
used cooling method whereby coolant is su -
plied through holes placed along the camber 
line of the blade.
The subject of this paper is to evaluate the 
adiabatic effectiveness levels that occur on the 
blade tip and shelf through blowing coolant 
ratioby using Fluent code. Numericalstudy 
are performed in a low speed with two diffe -
ent tip gaps )0.03 and 0.09 cm( and multipl -

coolant flow rates through the film-cooling 
holes. A range of blowing ratios is studied 
whereby coolant injected from holes placed 
along the tip of a large scale blade model.
The Reynolds number )2.1* 105(is used in 
the numericalmodel. The results show much 
better cooling can be achieved for a small tip 
gap compared with a large tip gap with diffe -
ent flow phenomena occurring for each tip 
gap setting.

الخلا�سة
 ال�س��كل الن�سياب��ي لري���س للتورب��ين معر�سة الى درج��ات حرارة
 عالي��ة الى حد ق��د تتجاوز درج��ة ان�سهار مع��دن الري�سة. انواع
 التري��د المفتر�س��ة في ه��ذه الدرا�س��ة العددي��ة بحي��ث تت�سم��ن
 ه��و اح��د ط��رق )film-cooling( خ�سائ��ر جري��ان التري��د
 التري��د النموذجية حيث ان مائع التريد يجهز من خلال ثقوب

.تقع على طول خط المنت�سف لري�سة التوربين
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