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Abstract. This paper is concerned with a cooling system for inlet guide vanes of a small turbine engine which

are exposed to a high temperature gas leaving a combustion chamber. Because of small dimensions of the

vanes, only a simple internal cavity and cooling holes can be realized. The idea was to utilize a film cooling

technique. The proposed solution was simulated by means of a numerical method based on a coupling of

CFD and heat transfer solvers. The numerical results of various scenarios (different coolant temperature, heat

transfer to surroundings) showed a desired decrease of the temperature, especially on the most critical part - the

trailing edge. The numerical data are compared to results obtained by experimental measurements performed

in a test facility in our institute. A quarter segment model of the inlet guide vanes wheel was equipped with

thermocouples in order to verify an effect of cooling. Despite some uncertainty in the results, a verifiable

decrease of the vane temperature was observed.

1 Introduction

Modern turbine engines are very sophisticated machines

designed to transform energy into mechanical work as effi-

ciently as possible. A desired high level of the efficiency is

connected with high temperatures and pressures that ther-

mally and mechanically strain turbine components. The

present-day aircraft engines often operate close or above

melting point of the used material and therefore require an

intensive heat protection.

The most common and simplest way to reduce temper-

ature to safe values is the use of cold air [1]. A combina-

tion of an internal and film cooling is a typical example

of this approach. An amount of the air used for the active

cooling may reach up to twenty percent of the entire en-

gine core mass flow [2], which in turn somewhat reduces

achieved thermal efficiency. However, a gain from the in-

creased working temperature is still higher than losses.

The mentioned approach is sometimes combined with a

thermal barrier coating (TBC) applied on the most stressed

surfaces to extend the component lifespan.

The internal cooling system usually consists of a com-

plicated labyrinth of channels, turbulizators, pins and cav-

ities inside the vane, which distributes the coolant through

the body in order to transfer the excessive heat away. The

film cooling is achieved through a formation of a thin layer

of ‘cold’ air uniformly distributed over the surface which

provides an insulating thermal barrier against the hot gas

of the bulk flow. This is usually accomplished by a large

quantity of shaped and optimized holes connecting the in-

ternal channels with the vane surface.

aCorresponding author: simak@vzlu.cz

The problem of cooling is even more challenging in

small engines due to their dimensions and compact de-

sign. Moreover, the most stressed parts, such as vanes

and blades of a gas generator, are often surrounded by an

annular combustion chamber which prevents the heat to

conduct away. The inlet guide vanes (IGV) of the studied

engine are not presently cooled and suffer from an exten-

sive heat degradation mainly in the vicinity of the trailing

edge. An initial attempt considered a simple vane film

cooling introduced from a slit tube in the leading edge

region [3, 4]. However, the obtained results were found

questionable and this concept was abandoned. For the

above reasons, a new IGV profile was proposed taking in

account an internal cavity and several cooling holes de-

ployed at the rear part of the pressure side. This novel

concept was examined within the presented work.

The problem was at first studied by means of three-

dimensional numerical simulations, which provided a

good preview of the situation and of the impact of the

suggested solution. The simulations were performed by

a CFD solver based on the Reynolds averaged Navier-

Stokes equations (RANS) and a solver for a heat conduc-

tion in a solid. The obtained results showed a feasibility

of the adopted concept which was further verified by con-

ducted experiments.

2 Description of the problem

The problem considered in this work is an initial study

of an IGV cooling system for a gas generator of tur-

bine engines intended for light aircraft. The small di-

mensions of the engine (maximum outer diameter is about
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270 mm) and of the IGV wheel (the hub and shroud radii

are 50 mm and 69.75 mm) and also its counter flow com-

bustion chamber arrangement (see figure 1) strongly limit

any practicable design variants of a cooling system. More-

over, due to the small size of the vanes, it would be very

difficult to create a sophisticated system of internal chan-

nels that distribute cooling air. Limiting were also the as-

pects regarding the cost and technological complexity re-

lated to an application of a TBC. The engine parts are man-

ufactured from nickel-chrome super-alloys (e.g. Inconel

713 or 718).

Figure 1. A complete CAD model of the IGV section with an

exit from a combustion chamber.

From these reasons, a simple concept of an active fluid

cooling was introduced. A practical experience showed

that the most critical part of the vane regarding the ther-

mal strain was the trailing edge region mainly at the vane

mid-height. Therefore, an emphasis was put on this area

during a design phase. According to preliminary numeri-

cal simulations performed with a uniform temperature dis-

tribution of the incoming air, temperatures at the trailing

edge region exceeded 930 ◦C. In a case of a non-uniform

distribution, temperature could possibly grow even higher.

Because of the above mentioned reasons, it was de-

cided to create a simple internal cavity situated in the

thickest part of the vane with seven cooling holes lead-

ing to the pressure side. The main idea was to decrease the

vane temperature by the heat exchange with the cold air

inside the cavity and by forming a thin film layer protect-

ing the most critical part on the trailing edge. This solution

was however allowed only by a redesign of the vane profile

which was supplied by the producing company. The new

profile was enlarged to allow the cavity and the trailing

edge was thickened to reduce the heat corrosion. As a re-

sult, the redesigned IGV wheel consists of only 17 vanes,

while the original one has 26 vanes.

An overview of the basics concerning the film cooling

can be found e.g. in [5]. It is well known that the posi-

tion, direction and shape of holes influence the overall ef-

ficiency but we tried to suggest a simple solution. Thus the

holes are of a cylindrical shape and in a small number. The

tested cooling system consists of an oval shaped cavity

which opens into an annular channel next to the shroud. A

cooling medium, which is a cold compressed air diverted

before reaching the combustion chamber, flows through

this channel. Further, this cold air is brought from inside

of the cavity to the surface of the pressure side of the vane

by seven cooling holes. These holes are parallel to each

other, each of them has a circular cross-section with a di-

ameter d = 0.8 mm and are spaced two diameters apart.

The central cooling hole is positioned slightly above the

mean radius of the wheel and the openings are located on

the surface in about one third of the vane from the trail-

ing edge. The cooling channels are designed such that the

middle one is inclined 30◦ to the surface. The axes of the

cooling channels are also tilted with respect to the stator

wheel axis with a compound angle of 30◦. The configura-

tion is shown in figure 2.

Figure 2. Geometry of the vane cooling channels: meridional

plane (left), tangential plane (right).

3 Numerical methods

From a numerical point of view, the problem was solved as

two separated problems coupled by a common boundary.

An iterative process (called outer in this text) then pro-

vided an exchange of information between a CFD solver

and a heat solver.

3.1 Solution of the flow problem

We considered a steady, compressible flow of a perfect

gas (for simplicity air), described by the three-dimensional

RANS equations. The problem was solved using the CFD

software Edge v5.2, which is based on a finite volume

method on dual meshes. The presented results were ob-

tained by the use of an upwind scheme with the Roe aver-

aging of state variables on cell faces. To increase spatial

order of accuracy, a reconstruction of variables on the cell

faces (symmetric TVD scheme) was applied. Since the

flow was transonic and contained shock waves, the min-
mod limiter was used to suppress undesirable numerical

oscillations near flow discontinuities.

The governing equations were integrated in a time

variable to a stationary solution using an explicit three-

stage Runge-Kutta method with a local time step. To ac-

celerate the convergence, a multigrid and an implicit resid-

ual smoothing were involved.
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The flow was modelled as fully turbulent with an

EARSM k-ω turbulence model proposed by Hellsten [6],

which is also the default choice of Edge. More informa-

tion about the solver can be found in [7].

A weak pressure condition, which prescribes the over-

all state variables - total pressure, total temperature and

flow direction, was chosen as a boundary condition at the

main inlet and also at the entrance to the cavity. At the

outlet boundary there was prescribed an integral average

of a static pressure. Walls were treated either as adiabatic

or with a prescribed wall temperature obtained from the

heat solver.

The source code of the software used in this study was

slightly modified compared to the original version, namely

the boundary conditions were adapted for problems of in-

ternal aerodynamics and procedures, which were neces-

sary for coupling with a heat solver, were added.

A flow field with adiabatic walls was taken as an initial

condition for the heat transfer problem. Further, at each

step of the outer iteration process inner iterations (up to

20) were performed to get a new thermal boundary profile

that corresponded to new wall temperatures.

3.2 Mesh generation

The shape of a computational domain was derived from a

simplified geometry without considering a rotor. The do-

main was a periodic part containing one vane and relevant

parts of channels between vanes. The outlet boundary was

extended further behind the trailing edge from reasons to

prevent possible reflections from this boundary. The shape

of hub and shroud walls was also slightly simplified.

The computational domain was discretized by a multi-

block structured grid, created by the GridPro software.

The computational domain thus consisted of blocks with

six-sided cells. The grids for the flow and heat conduction

problem were generated separately. Since cells of the in-

ner and outer grids are not necessarily linked one to one,

an interpolation matrix was constructed, which maps sur-

face vertices from one grid to the other grid and vice versa.

The shape of periodic boundaries was determined by the

grid generator automatically.

In order to properly capture a profile of a boundary

layer in the simulation, the height of the first row of cells

on walls was chosen such that y+ ≤ 1 based on the ex-

pected velocity. The number of cells in the grid was ap-

proximately 7·106 for a simple vane and 8.5·106 for the

vane with the cooling system.

3.3 Solution of the heat conduction

The heat conduction in the vane and in connecting hub and

shroud walls was performed using an in-house software

for a solution of a heat equation. This equation has the

form of

c ρ
∂T
∂t

− div (λ∇T ) = 0, (1)

where T is the temperature, c heat capacity, ρ density and

λ thermal conductivity. The equation was discretized by a

finite volume method on a multi-block structured grid and

integrated towards a steady state by the backward Euler

scheme.

At parts of the boundary, which are common to the

solid body and the flow field, a heat transfer boundary

condition was considered. This condition is based on the

Fourier’s law q = −λ∇T for a local heat flux q and equal-

ity of the heat fluxes from both sides of the boundary. So

the boundary condition can be formulated as

λ
∂T
∂n
= λa

Ta − T
da
, (2)

where n is the outer unit normal vector, λa the thermal

conductivity of the air, Ta temperature of the air in the first

row of nodes and finally da denotes the distance of these

nodes to the wall.

The periodic boundary condition ensures then the

portability of obtained results to the whole IGV wheel ge-

ometry.

4 Numerical results

4.1 Setting up the problem

The engine IGV wheel was made from a nickel-chrome

alloy Inconel 713LC which has the thermal conductivity

λ = 20 W m−1 K−1 at 760 ◦C. The heat capacity at the

same temperature is c = 625 J kg−1 K−1, the values of λ
and c are changing with temperature. The melting point of

the material is around 1260 ◦C.

The total pressure and total temperature at the inlet to

the IGV wheel were

P01 = 476.481 kPa, T01 = 950 ◦C.

The coolant total pressure and total temperature were set

to

P0c = 495.015 kPa, T0c = 210 ◦C − 470 ◦C.

The integral average of the static pressure at the exit

boundary was set to

P2 = 265.553 kPa.

The turbulence intensity of the incoming air was set to

Tu = 3%. The flow field entering the computational do-

main was assumed homogeneous and perpendicular to the

boundary. The isentropic Mach number behind the IGV

was M2,is = 0.95.

4.2 Vane cooling without heat transfer

The first step was to evaluate the effect of the proposed

cooling system and to find the best configuration. Hence

the problem with adiabatic walls (e.g. no heat transfer to

the vane) was solved. The temperature of the cooling air
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was set T0c = 210 ◦C. The effectiveness was evaluated in

terms of the film effectiveness, η, defined as follows:

η =
T01 − Taw

T01 − T0c
, (3)

where Taw refers to the adiabatic wall temperature. The

distribution of η on the vane surface is shown in figure

3. It is clearly seen that the holes do not create a contin-

uous film of cold air that would completely insulate the

surface from the hot air. To do this, one would need to

use more holes in more rows or change the shape of the

holes, which is in a contradiction with our requirements

of simplicity and robustness. However, the area of the sur-

face influenced by the cold air seemed to provide sufficient

decrease of the trailing edge temperature. The mass flow

rate of the cooling air entering to one vane was evaluated

as ṁc = 0.00173 kg s−1, the mass flow rate at the main

inlet was ṁ = 0.1074 kg s−1 per one period. That means

the cooling air represented 1.59% of the total flow. The

mass flow ṁc is given by the number of holes and by the

pressure drop between the entrance to the cavity and the

vane pressure side near the hole exit location.

Figure 3. The film effectiveness on the adiabatic vane surface

4.3 Vane cooling with heat transfer

Further, the heat transfer model was accompanied into the

simulations. It is very difficult to model the same situation

as in a real engine because we have no information about

heat fluxes through outer boundaries of our model. We do

not even know the temperatures of these parts. Thus, we

assumed a zero heat transfer on these outer boundaries.

This means that we supposed the solid body was isolated

from the surroundings. This approach is thought to be sat-

isfactory for our purpose of evaluation of the cooling effi-

ciency. However, the comparison with experimental data

is more difficult. In the later simulations, this approach

was partly abandoned to find out the influence of the sur-

roundings.

Using the described method, a temperature distribution

was obtained at first on a vane with no cooling (NC). At the

trailing edge, an average temperature was 931.8 ◦C, while

temperature of the incoming flow was 950 ◦C. This result

was then compared to a case when the vane is actively

cooled with the inner cavity and cooling holes. When us-

ing the cooling air of a temperature 210 ◦C, an average

temperature at the trailing edge decreased to a value of

838.8 ◦C. That means reduction of 93 ◦C.

Comparing the results to a variant with only the inner

cooling (with the same performance) present, we can ex-

press the effectiveness of the cold film. Figure 4 shows

a decrease of the temperature up to 34 ◦C on the trailing

edge. Moreover, this result is for the case with higher cool-

ing air temperature, T01 = 910 ◦C and T0c = 470 ◦C.

Figure 4. A temperature decrease due to the film cooling.

The maps of surface temperature for NC and cooling

(T0c = 210 ◦C) variants are presented in figure 5. The

injection is usually described by the blowing ratio defined

as

BR =
ρcVc

ρV
(4)

where ρ and V are the mainstream density and velocity

above the holes, the momentum flux ratio

I =
ρcV2

c

ρV2
(5)

and the density ratio

DR =
ρc

ρ
. (6)

The values for this case are BR = 1.098, I = 0.58 and

DR = 2.07. The cooling jets are located on a concave sur-

face with a non-dimensional parameter 2R/d = −69 where

R denotes the curvature radius. These values indicate a

regime that could lead to a decrease of the efficiency. The

following figures 6 and 7 show shapes of the cooling jets.

Because of the small number of holes and their spacing,

the resulting cooling jets do not form a continuous thin

film, but the individual jets remain isolated. The pictures

show that the cross section of the jet is not homogeneous,

but it has a shape of a horseshoe. That means the jet is

not fully attached to the vane surface and the efficiency is

lower than in a case of a fully attached flow. A more ap-

propriate choice of the coolant holes configuration would

certainly eliminate this imperfection.

The mass flow rate of the cooling air per one vane is

ṁc = 0.00144 kg s−1 (corrected mass flow rate Qc = 1.09

kg s−1 K1/2 MPa−1). In comparison with the mass flow

rate through the inlet boundary, which for one blade to

blade channel attained a value of ṁ = 0.1074 kg s−1 (Qc

= 134.01 kg s−1 K1/2 MPa−1), it represented approximately

1.32% of the total mass flow.
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Figure 5. A distribution of temperature on the vane surface; uncooled (left), cooled (right); the coolant temperature 210 ◦C.

Figure 6. A section along the cool jet from the middle cooling

hole with indicated positions of cross-sections.

Figure 7. Cross-sections of the cool jets at given positions.

The calculated mass-weighted average values of the

kinetic energy loss ζ and total pressure loss ξ, given as

follows:

P0,mix =
ṁc

ṁc + ṁ
P0c +

ṁ
ṁc + ṁ

P01, (7)

Mis =

√√√⎡⎢⎢⎢⎢⎢⎢⎣
(

P0,mix

P

) κ−1
κ

− 1

⎤⎥⎥⎥⎥⎥⎥⎦ 2

κ − 1
, (8)

ζ = 1 − M2/M2
is, (9)

ξ = 1 − P0/P0,mix, (10)

where M denotes the Mach number. The values at a dis-

tance of 5 mm behind the trailing edge are presented in

table 1. The resulting temperature on the trailing edge is

presented in figure 8.

Table 1. The loss coefficients of the uncooled and cooled IGV.

ζ ξ
NC 0.0518 0.0286

Cooling T0c = 210◦ C 0.0521 0.0289

Cooling T0c = 410◦ C 0.0532 0.0294

r

T
[d

eg
C

]

0.05 0.055 0.06 0.065

800

850

900

950
NC
T0c=410
T0c=210

Figure 8. A distribution of the trailing edge temperature plotted

along the radius.

4.4 Vane cooling with heat transfer through tip
shroud

Looking at the figure 1 it is possible to take notice of the

annular channel bringing the cooling air to the vane. Since

the coolant flows around this wall, it is correct to expect

some heat transfer through this boundary. The variants

with a prescribed coolant temperature of 210, 310, 410 and

470 ◦C were evaluated. The latter variant for coolant tem-

perature 470 ◦C was evaluated with a different inlet bound-

ary condition. Profiles of the total pressure and total tem-

perature were prescribed on the inlet boundary according

to data obtained by the experiments. The inlet temperature

at the inner radius was 876.6 ◦C and at the outer radius

932.75 ◦C. The average total temperature T01 = 910 ◦C,

the total pressure remained the same. This variant was thus

closest to the experimental data. However, the numerical

model still differs from the experimental model because

we have no information about the heat transfer through

outer boundaries.

When we therefore considered a heat transfer through

the tip shroud, we observed a decrease of the temperature
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in this area. A comparison of a temperature on the trailing

edge for the considered variants is in figure 9.

r

T
[d

eg
C

]

0.05 0.055 0.06 0.065

800

850

900

950
NC
T0c=470, T01=910
T0c=410
T0c=310
T0c=210

Figure 9. A distribution of the trailing edge temperature plotted

along the radius. Considered is a heat transfer through the tip

shroud; T01 = 950 ◦C.

5 Experimental evaluation

5.1 Test facility

An experimental verification of the proposed cooling sys-

tem was carried out on a test rig consisted of three prin-

cipal parts: radial compressor (RC), combustion chamber

(CC) and tested IGV segment. An amount of the air sup-

plied by the radial compressor at desired pressure was re-

stricted by its working regime and therefore only a quarter

segment of the combustion chamber and of the IGV model

was considered in the test rig. Considering the proposed

number of the vanes (17), the test model resulted in an

annular segment with only four blade to blade channels,

i.e. three full vanes. Due to the technological purposes a

nickel-chrome alloy Inconel 713 LC, used in the serial pro-

duction, was substituted with Inconel 718 which has sim-

ilar physical properties as the original material. Three al-

ternative IGV segments were used within the experimental

campaign: a variant without cooling (IGV-NC), one with

an internally delivered cooling (IGV-IC) and one with an

externally delivered cooling (IGV-EC). The IGV-NC seg-

ment served as a reference for a comparison with the other

two cooled segments. A scheme of the test rig with alter-

native cooling arrangements supplied with measured pa-

rameters is presented in figure 10.

RV 1

RV 2

Air intake
Exhaust

CC

RC

RV 3

OP

VN

IGV

P01
T01

P0c
T0c

P2
T

m

ICEC

c

I-III

Fuel

ma

mf

M

Figure 10. A scheme of the test rig with two alternative cooling

arrangements; a) internally delivered coolant (IC), b) externally

delivered coolant (EC).

The IGV-IC (figure 11) variant represented a real en-

gine configuration with three hollow vanes and seven cool-

ing holes located on the pressure side of each vane. The

variant utilized the coolant (mostly compressed air) from

a space between the combustion chamber and the outer di-

ameter of the IGV wheel. The mass flow rate of the coolant

was given by prescribed flow parameters and by an effec-

tive flow area of the cooling holes.

Figure 11. The IGV-IC segment. An inlet view with the cooling

channels on the vanes pressure sides.

Finally, the IGV-EC configuration allowed us to con-

trol an amount of the coolant air delivered to the vane inter-

nal cavity from an external source. The air was taken at the

compressor exhaust and delivered to each of the internal

vane cavity through a single air distributor welded to the

hub block. The opposite ends of the vane internal cavities

were blinded. An amount of the cooling air was controlled

through the regulating valve and the actual value was mea-

sured by means of a calibrated Venturi nozzle (figure 10).

5.2 IGV probes instrumentation

All the three IGV segments were equipped with thermo-

couple probes and pressure probes. The vane metal tem-

perature was monitored by means of three unshielded K-

type thermocouples installed into the trailing edge region

of the three individual vanes. They were flush-mounted

into the pre-machined groves at vanes mid-height using a

high-temperature resistant cement. The thermal conduc-

tivity of the cement was slightly higher than the base ma-

terial Inconel 718. The total pressure (P0c) and total tem-

perature (T0c) of the coolant were in the case of IGV-EC

arrangement monitored by means of a Pitot probe and a

T-type thermocouple probe placed in the supply pipe just

before the IGV entry. In the case of IGV-IC configura-

tion, the total temperature and pressure readings were pro-

vided by means of a shielded K-type thermocouple and a

stainless-steel tube installed inside one of the vane internal

cavities.

6 Experimental results

6.1 IGV segment without cooling

Tests on the uncooled IGV segment were performed for a

range of flow regimes characterized by the exit isentropic
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Mach number. The inlet total temperature was held ap-

proximately constant on a value of 850 ◦C.

The air mass flow rate, as measured on the orifice

plate, increased together with the higher Mach number

until eventually conditions close to the choking were

reached for desired pressure ratio P2/P01 = 0.557, P01 =

476.481 kPa, P2 = 265.553 kPa.

M2,is

T
[°

C
]

0.4 0.5 0.6 0.7 0.8 0.9 1 1.1

550

600

650

700

750

800

850

900

950

T01
TI
TII
TIII

Figure 12. IGV-NC – the inlet total temperature and the trailing

edge metal blade temperatures as a function of the exit isentropic

Mach number.

Relatively large temperature differences were mea-

sured between the thermocouple probes installed in the

individual vanes as presented in figure 12. While the two

probes placed at the same vane (III) showed virtually same

temperatures (T01, TIII), the other two neighbouring vanes

exhibited significantly lower values. A temperature differ-

ence between the vane III and II reached values as large as

200 ◦C despite the fact that preliminary tests in the duct

behind the combustion chamber showed a satisfactorily

uniform distribution of temperatures in the circumferen-

tial direction with an only slight variation along the vane

height.

Given the above information and a fact that similar pat-

tern was found also for the tests performed on the other

two types of the IGV it was concluded that the temper-

ature variation was systematic due to a temperature gra-

dient and consequent heat transfer within the solid of the

test section. The real engine configuration with an annular

IGV shielded by a combustion chamber is, however, qual-

itatively different and it should be taken in account while

interpreting the presented data.

6.2 IGV segment with external coolant delivery

The measurements on a variant of the IGV with the exter-

nal coolant delivery (IGV-EC) were carried out in a nar-

row range of the exit isentropic Mach number close to

unity. The pressures prescribed during the tests attained

approximately the required boundary conditions (section

4.1). The total temperature at the inlet was set to a value

near to 910 ◦C in the beginning of the test.

An amount of the coolant through the IGV was during

the test controlled by the RV3 valve from a fully closed

state until a point when the mass flow did not change any-

more. A ratio of the coolant and the main flow total pres-

sures was ranging roughly between 0.88 and 1.02 and thus

the maximal reached value was slightly below the required

conditions, i.e. 1.038.

A similar nature, as observed in the case of IGV-

NC, regarding a temperature variation between individual

vanes was found also for this type of the IGV segment

(figure 13). For zero coolant mass flow the trailing edge

temperature of the vane III was again akin to the total tem-

perature which was measured at the leading edge of the

same vane. The other two adjacent vanes I and II exhib-

ited much lower values with a difference about 150 ◦C with

respect to the vane III.

When the coolant is introduced, an effect of the cool-

ing is clearly evident throughout the entire range of the

imposed mass flow rate. A rate of change of the vanes

temperatures was much higher for a small mass flow of

the coolant and then asymptotically tended to a saturated

state which was not fully reached during the present exper-

iment. A difference in the vane temperatures between con-

ditions without cooling and with a maximum mass flow of

the coolant was approximately 150 ◦C. It should be noted,

however, that the coolant temperature was lower than re-

quired.

4.25 Qc [kg/s K0.5/Mpa]

T
[°C

]

T
0

c
[°C

]
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9600

650

700

750

800

850

900

950

1000

80

100

120

140

160

180

200
T01
TI
TII
TIII
T0c

Figure 13. IGV-EC – the measured temperatures with respect to

a variation of the coolant mass flow rate capacity.

6.3 IGV segment with internal coolant delivery

The tests on the IGV-IC segment were carried out for mea-

surements with a constant exit Mach number (M2,is = 1)

while varying inlet total temperatures. An evolution of the

blade temperatures with respect to a change of the total

conditions at the inlet is presented in figure 14. The same

pattern in a distribution of the vanes temperatures was ob-

served as for the previously tested configurations with the

highest temperature indicated for the vane III and the low-

est on the vane II. The observed temperature differences

between the individual vanes grew almost linearly with an

increase of the total temperature which further supports

the assumption of spatially non-uniform heat conduction
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through the test section. For the highest attained tempera-

ture at the inlet (910 ◦C) a difference between the vanes II

and III metal temperatures was again about 150 ◦C.

The temperature of the coolant air measured in the

vane cavity is also depicted in figure 14. It attained a maxi-

mum value above 450 ◦C while the temperature at the inlet

to the combustion chamber was held nearly unchanged at

310 ◦C.

T01 [°C]

T
[°C

]

450 550 650 750 850 950

350

450

550

650

750

850

950

TI
TII
TIII
T0c

T = T01

Figure 14. IGV-IC – an evolution of the blade metal tempera-

tures with a variation of the inlet total temperature; M2,is ≈ 1.

A temperature drop obtained for the vane III was about

60 ◦C when the highest inlet temperature about 910 ◦C was

imposed. It is a significantly lower value then one reached

with the IGV-EC arrangement. Nevertheless, the coolant

temperature in the present case was also much higher (≈
450 ◦C) which in turn resulted in a reduced cooling effi-

ciency.

The other two vanes, labelled as I and II, showed some-

what lower metal temperatures compared to the vane III

(figure 14), but it was likely only due to their overall lower

temperature level as similarly indicated for the IGV-NC

and IGV-EC experiments (figure 12 and 13).

7 Conclusion

The paper presents results of a work focused on a design

and verification of a novel cooling system for the inlet

guide vanes (IGV) of small turbine engines. The proposed

cooling concept was firstly verified using numerical simu-

lations and later tested during an experimental campaign.

The cooling air was brought to the hollow vane from

a space between the combustion chamber and the outer

diameter of the IGV and then discharged back to the main

flow through seven holes uniformly positioned along the

vane height in the rear part of the pressure side.

The performed flow simulations, coupled with a heat

transfer to the solid parts, indicated a significant reduction

of the solid temperature of the entire vane and particularly

in the trailing edge region. An achieved drop of the tem-

perature was about 80 ◦C for nominal flow conditions with

approximately 1.5% of a total amount of the air considered

for cooling.
The experimental results obtained for an IGV quarter

segment with the internally delivered coolant (a real en-

gine configuration) showed a somewhat lower cooling ef-

ficiency than the one predicted by the numerical simula-

tions. The measured temperature drop was approximately

60 ◦C when the flow parameters close to nominal condi-

tions were prescribed. It should be noted, however, that the

measured coolant temperature was a little bit higher than

one assigned in the prediction (460 ◦C vs. 410 ◦C). On the

contrary, when the externally delivered coolant with a de-

sired mass flow and a comparable temperature were con-

sidered, a measured temperature drop of the solid reached

a similar value as predicted by the numerical simulation.

In general, the presented results proved a feasibility of

the proposed cooling concept adopted for a small turbine

engine. An extended life span of the cooled IGV should

therefore be expected while maintaining the high temper-

ature at the inlet. Additional tests on a real engine should

be however performed in order to verify the concept with

more realistic (heat transfer) boundary conditions and with

a longer operational period.
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