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Abstract
Tlils pctper describes the clevelopnrent of experintental testirtg system ancl perfornnnce

IneaslLrentent of small tnrbojet engine "O\ntpus" manufactured by AMT Netherlcmcls. Variabl.es
tltat rneasured in the nTeasuretnent are tLrrbitte cxit gas tempcratlil-e, fi.rel and air ntass Jlow,
cotllpressor rotatio,nal speecl, cmd tltrust produced. In this testing, the tlLrust generate/ by tlte
ettgitte is measured using bending beam Loacl cell that conlpleted with.fottr strain gcrutge (eaci load
cell cornpleted vvith two strain gattge). Strain gcuLge tLsecl in this testing is rrtantLfacturecl b1t
Measuretnent Group, lttc with gauge factor 2.095 t 0.5Vo. Air Jlow is measttrecl by usiig pitor ttLbe
wliclt is irtstaLlecl i.n 400 nun long and 107 nmt cliameter inlet pipe. Mea,sttrentent .sinsor of tl.te
loatl cell cuttl inlet contpressor ai(low i.s corutected to data acqttisitiort levice cutcl pC.
TltenttocoLLple, which is used to measLtre tttrbinc exit gas tetnperature, cutcl tttcltorrteter, wltich is
trse rl to tneasttre conqt,tssoi rotatiottctl speetl, are connectecl to electronic controL Ltrtit atul
lisplatetl itt etryine data terminal. Fuel flow is n'teosurecl by ttsing digitaL weigl.tt (l grcurt
rt'soltttiort) cutcl stopwatch.. Fuel. cottstunption at one time inten,al is recorcled nnntnlly. Tlte
t'rtgine ret'olutiort was t,uriecl Jrom 37000 RPM to 105000 RpM with 10000 RpM i,te,.,al step.
.\'leasuretnettt clata are therL correctecl to get the resuLts ou standrtrcl pressLtre tmcl tentperature
cortclitiott. Good agreentent betvueen the experimerLt restrlt cLnrl clatafront references slrcyts tlmt tlte
Iestittg q)Stetn works os expected.

Ringkasan

Makalalt ini nenjeloskan tentang penlbuatan sistem pengujitm d.an pengujian small tttrbojet
engitrc "Olyntpus" produksi AMT Netherlcmd. VariabeL -varictbel yang diukur clalanL pengujian
itti rulalah tentperatlrr gas keluctr turbit, laju aliran balum baktr dan ttclctra, kecepitnn- p-uto,
kontpresor, clcm gaya clorong ycmg clihasilkan. Dalam pengttjian ini, gaya dorong ntesi,t diukur
ntettggttrutkrttt load cell tipe bendi.ng becun yang telah d.ilengkapi empat buah striin guuge (1na
bualt straitt gcnLge untuk ntasing - nnsing load cell) prochtksi Measurement Group, Inc-clertgan
gauge factor 2,095 x.0,5Vo. Laju aliron udara diukur rnenggunokan tabung pitot ycurg terpttslang
pada pipcL tttctsukan udara clengan panjang 400 mm clcut cliameter 107 mtn. Senior"pr,rgukurn,,
ga:'a tlorong clan kecepatan uclara masuk kompresor ini dihubungkan d.engctn alat akuiiisi data
t'trng langsttn,q terltubrtttg dengrut persotrul compLtter. Tentperatrtr gas keluar turbin rlir.tkLtr
rrtenggwtakart tlrcnnocoLLple dart pLLtaran kontpresor tliuktLr tlengurt tachotneter y,ctng kedLnrtvu
dilrubungkut derLgan alat aktisisi data dan dengan rtisplay digitat (engine dttta terntitnl). Debit
bcLlrun bokat' cliukur rnertggtlnakut timbangan cligital clengan resolttsi ) granr clal sebuttlt
pettgukur wttktu. Pengurattgan rnassa bahatt bakar claLam.satu selcmg waktu clicatat secot-(r
ttrurtuol uttuk nrcndapatkm clebit balnn bakor ntesin. Penguknran dilakukttn pacla retttcytg
Putaratt 37000 RPM sampai dengan 105500 RPM dengcut kenaikan interval setiap 10000 RpM.
Hasil petryttkurcm kemudian dikoreksi untuk rnendapatkan lmsil pacla konclisi standar. Kesestmiau
hosil yattg didapatkatt dengon data Literatur menunjukkan baltwa sistem pengujiqrt yang clibuat
bekerja dengnn baik.

Keyrvord: snnll tLLrbojet, gas turbine, "Olyruptrs".
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1 INTRODUCTION

Gas turbine engine firstly patent by John Barber in 1871
[1], however the technology at that time is not enough
yet to produce propulsion system based on gas turbine.
After a long and complicated research, Sir Frank Whittle
from England succeed to develop an aircraft propulsion
system based on gas turbine and patent his engine in
1930 [1]. In the same time, Hans von Ohain from
Germany also develops turbojet engine propulsion
system. His engine was installed oii HE-178 aircraft [1]
that was the first turbojet engine aircraft in the world.

In the first process n turbojet engine cycle, a large
arrount of atmospheric air is continuously brought into
the engine diffuser or intake. After the diffuser, the air
passes through the compressor and the combustion
chamber. The hot exhausf gases leaving the combustion
chamber pass through the turbine. Turbine work is used
to operate the compressor through a linking shaft and
accessories. The gasesr leaving the turbine expanded
through the nozzle hence accelerated the air velocity.
The exhaust velocity is much greater than the free stream
velocity, hence a thrust force is created. For turbojet
propulsion engines that produce high power, the power
to weight ratio (or thrust to weight ratio) is higher than
piston engine. For this purpose, the large modern
aircraft and high speed aircraft using the propulsion
system based on gas turbine.

In 1980, aero-modeling hobbies start to try developing
the small scale of the turbojet engine [2]. The component
of this small turbojet engine was simiiar with large
turbojet engine. Finaily in 1996, Kurt Schreckling
patented his small turbojet engine design with 110 mm
diameter t3l This success in development and
production of small turbojet engine is followed by the
arising of the small tulbojet engine manufacture industry
fol hi-eh speed aero-modeling aircraft and unmanned
aelial vehicle (UAV). One of this manufacturer is AMT
Jet Netherland that designs and manufactures small
turbojet engine "Olympus HP" with 230 N maximum
thrust.

The Olympus engine has been constructed fiom a single
radial compressor, an axial turbine, and an annular type
combustion chamber, which is provided with a Iorv
plessure fuel system. From this same fuel system both
hyblid bearings are also lubricated. A separate oil supply
tbr lubrication is therefore no longer necessary.
"Olympus" turbojet engine has already completed rvith
electric motor starter to start the engine. Specification of
the "Olympus" turbojet engine is shown in Table I [4].
The schematic drawing of "Olympus" turbojet engine is
shown in figure l.

The purpose of this project is to design and develop air
mass flow and thrust measurement system, also to
measure the parameters that are used to determine the
performance of "Olympus" turbojet. The variables

measured and the measurement devices in this
experiment are:
1. Thrust, measured using load cell;
2. Air mass flow, measured using Pitot tube installed

on air inlet flow pipe;
3. Fuel flow, measured using digitai weight and

stopwatch;
4. Engine RPM and exit gas temperature, measured

using tachometer and thermocouple and connected
to electronic control unit (ECU).

Figure 1 Turbojet engine "Olympus" scheme

Table 1 Turbojet engine "Olympus" specification

Jhc n"ih erpcrinrnr also conducted by John Ebaid
ftoo Crenfcld Unir-e611-y [8]. but using the early
wnsi:n of -Ollqus- rhar produce 192.6 N thrust. The

1{1-T"tr rboF cnsine e.rperimenr, such as turbojet
MT'-51 rs porilcd in reference [91.

Parameter Value Unit
Maximum diameter r31 mm

Length 384 mm

Turbine Weight 2850 oo

System weight @ngine, ECU,
pump, battery, thermo sensor,
mounting straps)

3795 ob

Thrust (at maximum RPM) 230 N

Thrust (at minimum RPM) l3 N

Maximum RPM r08500

Idle RPM 36000

Compressor pressure ratio (at
maximum RPM)

3,8:l

Air mass flou'( 31 marimum RPM) 450 g/s

Exhaust Gas :Sormal Temperature 700 "C

Erhaus Gas manimum Temperature 750 OC

Frcl corsumption (at maximum
RPMr

640 g/min

I
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2 INSTRUMENTATION AND TESTING

2.1 Experimentlnstrumentation
2.1"1 Load Cell
Load cel1 is used to measure turbojet engine's thrust.
Load cell is a measurement system that arranged from
load flxture element and strain gauge [7]. Load fixture
element accepts the thrust fi"om the turbojet and this
thlust is sensed by the strain gauge in voltage change.
Load cells convert the load acting on them into electrical
signals. The gauges themselves are bonded onto a beam
or structural member that deforms when thrust is
applied. The beam deformation will cause the change in
strain gauge electrical resistance, this changes are sensed
l.y signal conditioner in the form of electrical voltage
.ir:rnc.es itr strain gauge.

L',.id fixture element in tf,i, experiment was made of
.,iurninum Al 2024 - T3. This type of aluminum has
elrrstic limit of tension and compression 6y = 275.6
\IPa. maximum limit of tension and compression o,=
r I0.05 MPa and the elasticity modulus E = 7O Gpa. The
,iinrension of the load fixtule element is determined so
thlt lhe maximum stress occurred in the location where
the strain qauge mounted is high enough (in the range of
:rririll _sau_qe sensitivity) but still under maximum load
iir:rt could be applied to the material, To estimate the
i..rrrrimum load and location of the maximum stress
-;urre d o1.l the load fixture element, computer

:rLLrnerical simulation was done using Msc Nastran 4.5
.,,it\\are. On the simulation, the load cell was modeled
r'. I load fixtule elements (similar to the real load cell
i,'ndition). These two load fixture elements are
;,,nnecred each other with 2.85 kg weight aluminum
:iltu- (appropriate with engine weight). Thrust was
::r,.deled by 230 N axial fbrce acting on the middle of the
:r.:iie (the system's symmetric axis). From the results of'ir: simulation, the maximum stress occurred is 11 .44\.il'r Lrn the flange end. This stress is far under the
:--..:ir'r.ial maximum stress and materiai elastic limit.
ii:ir.e. the strain gauges mounted on the load fixture
: ::.nent tlange end where the stress is maximum. Figure
l. -,iiJ lb shows the load fixture element design and the
.. .'.. tlistribution sirnulation result.

I --l

8 0400

Figure 2a.Load cell (in mm unit)

Figure 2b Stress distribution simulation result

To find out the load cell's response characteristic to
input force, calibration process was done. In the
calibration, a known value and direction of input force
was applied to the load fixture element (the force
direction appropriate with the engine thrust direction)
and the load cell's output voltage was recorded. The
calibration simulates the load fixture element response
due to the engine thmst. The interval step of the applied
force is 49 N (5 Kg) with maximum force 245 N (25
Kg). Figure 3 shows load cell calibration result.
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Figure 3 Load cell calibration curve

During calibration process and measurement, Ioad ceil
output voltage was sensed by signal conditioner and then
displayed digitaliy. The signal conditioner used in the
calibration and experiment is Kyowa CDV-700 A
completed with wheatstone bridge.box, filter and DC
amplifier with 10000 times amplifying gain (0.001 volt
resolution).

2.12 Inlet pipe
The inlet pipe was installed in front of the engine inlet in
order to measure air mass flow rate entering the
compressor. This pipe was completed with pitot tube
that is used to measure the flow dynamic pressure.
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Bernoulli equation [5] was applied to calculate the

relation between the flow dynamic pressure and air flow
velocity. Computer simulation was used to find out the

relation between air flow velocities and air mass flow
rate.

The simulation was done by using the Ansys ICEM and

Ansys CFX software. The purpose of this simulation is

to determine the relation between the flow velocity on
the Pitot tube location and the air mass flow rate

compressor inlet. The Pitot tube location was defined, so

that the existence of the Pitot tube does not disturb the

flow field uniformity. From the simulation, the cutve
that shows the relation between the flow velocity on the
Pitot tube location and the air mass flow rate at

compressor inlet was created. Hence, the air flow
measurement can be done on one location only to get the

total air mass flow ratei The relation between the flow
velocity on the Pitot tube location and the air mass flow
rate at compressor inlet is shown in Figure 4. In the data

analysis process, this curve was corrected to atmospheric
ail pressure, temperature, and humidity during the
experiment and then normalized to the standard
condition.

--+- Shear Stress N.4odel, Grid 570.000
---s** K-Epsilon Model, Grid 780.000

Shear Stress N.4odel, Grid 780.000
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Figure 4 Velocity in pitot tube location versus inlet
compressor air mass flow (numerical result)

A 107 rnm PVC pipe was installed at the compressor
inlet. The pipe was carefully mounted so that its axis is
parallel with the engine axis. Figure 5 shows the testing
system scheme.

Figure 5 Experiment scheme

2.1.3 Digital weight, tachometer and thermocouple
The other instruments used. beside load cell to measure
the engine thrust and inlet pipe to measure air mass flow,
are digital weight and stopwatch to measure fuel flow,
tachometer to measure the engine revolution, and
thermocouple to measure tulbine exit temperature. The
resolution of the digitai weight and the tachometer are 1

g and 1 RPM respectively. To measure the turbine exit
gas temperature, 1 Kelvin resoh-rtion thermocouple was

used. Engine revolution measuremen[ instt ument
(tachometer) and turbine exit temperature rneasurement
instrument (thermocouple) are integrated in engine
electric control system. Engine revolution and turbine
exit temperature was displayed digitally on engine data
terminal dispiay.

2.2 Testing
Testing was divided into two steps:
1. Pre-testing
On this step, sensor and measurement system was

installed. The experiment location was cleaned fiom
small debris that could suck in to the engine. The engine
facing the compressor inlet pipe and engine exhaust
faced to the exit room. To guarantee the level of safety, a

fire extinguisher was prepared. Before the engine is

started, all sensors and measurement systems are

checked to rnake sure that all work properly. Figure 6

shows the engine that ready to test.
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Figure 6 Complete tesring system
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.-i:>ure. temperature, and humidity were
'r ::.3 lestinq. This record is important to

:,.::riment l'esult to standard condition'
-:--..ri. temperature, and humidity were:

. ,_...-:. = 93826.95 Pa
-- ^-:r-:-rtllre = 299.15 K
- --- .-::t\' = 73 o/o

-: :,. 3:ilrent \vere taken tiom an up stroke

.i : :re fuel throttle with t10000 RPM
.': .'.e:i RPM was about 37000, while

: r.: f .i- .rbout 105500' The engine was let

-: j'.er\ RPM step for about 15 seconds

: -. T,' essess the possible variiltion of
'-'-:-'. the throttle levels during each

- -- - ::tU the levels in the up stroke of one

- -: ..\ the levels in the down stroke of the
'- j -.rrli group, but practically it was

'-..- r.iause the difficulty to control the

.: RESLLT ANID ANALYSIS
- "-'--'-.i3. temperature and humidity during

' j'.' .,\ nol in sea level standtu'd atmospheric
- ,'- - . the data should be normalize to

- - -:..:'.i.rrd condition' Equation (1) - (4) used

j -- -- r'\Perinrent data [8]:

f-----r-Ej"rilr.*t -l
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F'igure 7 Air mass f-[ow as a flnction of
engine revolution
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-,::.: EG-[ r s RPM curves. Curve of figure 7 is completed

.,. r: :r mertsurement result from reference t8l The
"Oil rnpus" tulbojet that was tested in reference [8] is the

e:rrller'r'ersion of "Olympus" with 190 N maximttm

rhrLrst. Figure 8, 9, and 10 show experiment t'esult curves

crrrnpared to reference data [41.
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Figure 8 Fuel flow as a function of
engine revolution
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Figure 9 Thlust as a function of
engine revolution
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engine run is kept at the top, producing highly efficient
engine runs. Load cell and inlet compressor pipe were
well flnctioned. Good agreement between the
experiment result and data from reference [4] and [8]
shows that the testing system works as expected. The air
mass flow difference between experiments result and the
reference on low engine revolution appear because of the
engine type used in ref'erence [8] is the early version oi
"Olympus" turbojet engine with lower thrust produced.
EGT vs engine RPM shows that there was a hysteresis
problem during experiment, which is seems to be caused
by poor air - tuel mixing and incomplete combustion
during combustion process when the engine runs at lo*'
revolution. However, the system developed has runs and
functioned well to measure the engine performance
during the static test. To further increase the
measurement accuracy and engine pertbrmance
installation, more efficient devices are needed. Obtaining
high accuracy sensors such as pressure transducers and
load cell will provide better data for analysis. The real
flight condition testing system should be developed to
find out the engine performance during real flight
condition.
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Figure 10 Exhaust gas temperature as a function of
engine revoiution

From fi-eures above. sev.eral conciusions can be taken:
1. From the air mass flow vs engine RPM (figure 7),

the inlet compressor air flow has the similar trend
*'ith let'elence [8], however as the engine RPM
increasing. the difference between experiments
lesult and the reference data becoming larger. This
difference exists because of the engine type used in
reference [8] is the early version of "Olympus"
turbojet engine with lower thrust produce.

2. From fuel flow vs engine RPM curve (figure 8), the
highest difference between the current experimental
data and reference [4], about 0.85 g/s, is appear on
50000 engine RPM. This difference probably due to
the incomplete combustion in combustion chamber
when the engine runs at low revolution. It causes the
flame lengthen through the turbine wheel and nozzle
that reduce the fuel energy conversion efficiency.
Hence, more fuel were needed for the same engine
revolution.

3. Thrust vs engine RPM curve (Figure 9) shows
similar experiment result with data of reference [4].
This tesult means the measurement system and the
measurement process in this experiment was valid.

4. Flom EGT vs engine RPM curve (figure l0), it is
seen that the highest difference appear when the
corrected engine revolution is about 34000 RPM or
in the idle condition. As mentioned above, on low
engine revolution, the incomplete combustion
causes high EGT. This caused a difference EGT
result of the engine at up stroke and down stroke as
figure 10 shows. The EGT data when the engine
RPM run up stroke is lower than that when the
engine RPM run down sh'oke.

4 CONCLUSION
The engine management systems has been designed and
consh'ucted to be robust so that the consistency ofevery
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