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DEVELOPMENT CONCEPT OF JET ENGINES FOR THE UNMANNED
AERIAL VEHICLES

Based on published open sources, analyzed the problems solved by unmanned aerial vehicles (UAVs) and ap-
plied them to the types of gas turbine engines. Designing engine for the UAV can perform «from scratchy in
designing a special engine for a specific aircraft. However, a more appropriate use of the gas generator is
tested practice of modular development of gas turbine engines, upgrading them to solve specific problems. For
supersonic UAV with a range of 500 km is reasonable to use a simplified and light turbojet, relatively inexpen-
sive, although with worse performance characteristics compared with turbofan engines. The distinctive design
features of these engines are a low number of compressor stages, single-stage turbine, double-bearing, single-
shaft rotor, the simplified system starter, system lubrication and fuel. As objective function in designing for
turbojet engines with short lifetime for the UAV is advisable to use at least economic cost to design, manufac-
ture and operation of the engine at the given parameters of thrust and specific fuel consumption. An example of
the design characteristics of the single-shaft turbojet calculation, developed for the UAV-based gas generator
series turbofan training aircraft.
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UAYV.
Introduction

Since 1980s abroad are actively carried out exten-
sive work to develop unmanned aerial vehicles
(UAVs), the new generation, designed to perform
various tasks in the interests of the armed forces. Cur-
rently, the development and mass production firms
engaged in UAV many countries. The greatest success
in this area has been made by the United States, Israel,
France, Germany and Canada. Other counties are
working actively toward unmanned aerial vehicles:
Sweden, Japan, China, India, Iran, Australia, Poland,
Bulgaria, Czech Republic, South Korea, South Africa,
Brazil and others. According to reports, at the begin-
ning of the XXI century in the armed forces of many
countries were more than 120 types of UAV. Un-
manned aerial vehicle-A  kind of flying machine,
which is administered by the pilot not on board. There
are the following UAV: autonomously based on pre-
programmed flight plans (uncontrollable), automatic
complex dynamic automation systems, remotely pi-
loted aircraft. By functionality can be divided into the
UAYV Target and decoy (simulation), and Reconnais-
sance UAV designed to simulate real conditions in
enemy aircraft and air weapons, including cruise mis-
siles, to work out ways and means of their destruction
or training of personnel, as well as misinformation of
enemy air defenses. Reconnaissance unmanned sys-
tems are used to provide battlefield intelligence, gather
information and transmit it in real-time to data link

connecting the aircraft operator, even with the
autonomous functioning of the aircraft.

In recent years abroad to work out the unmanned
combat aerial vehicles (UCAV), capable of carrying vari-
ous weapons to destroy the ground, surface and air targets.

Currently, UAVs are considered as a promising
component of aerospace monitoring sites that are
critical for safe operation of the fuel and energy com-
plex. Given the specificity of propulsion for the short
resource UAVs and UAV disposable, cost of engines,
their development should be minimized, but it must
be considered and a comparison of costs and the
UAV performed its function, which justifies the rela-
tively high cost propulsion system for unmanned air-
craft for special purposes. Especially to the initial
periods design, this can replace physical experiments
and advanced testing facilities conducting full-scale
mathematical modeling.

1. Raising of task

The gas turbine engines for UAVs occupy a fairly
large part of the military aircraft engines (Fig. 1).
One characteristic of the modern approach to the design
of jet engine is an integrated (system), the solution of
design problems. Systematic approach to design means
considering the engine as part of a complex that
includes a power plant and airframe of the aircraft.
In Fig. 2 shows the basic requirements that distinguish
engines for military and civil purposes.
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Fig. 1. The usage of gas turbine engines in aircraft

According to foreign experts [1], for unmanned ae-
rial vehicles with a range of 500 km are advisable to use
a simplified lightweight turbojet, relatively inexpensive,
although with poorer performance characteristics when
compared with bypass engines (turbofan jet engine).
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Fig. 2. Modern requirements, applicable
to the jet engines

The distinctive design features of these engines are
a small number of compressor stages (for example, on a
tactical version of the rocket «Tomahawk» with
J402-CA-400 engine compressor has two stages — cen-
trifugal and axial), single-stage turbine, double-bearing
and single-shaft rotor, simplified launch systems, lubri-
cation and fuel supply. As an objective function in de-
signing short lifetime jet engine for the UAV, it is ad-
visable to use least economic cost to design, manufac-
ture and operation of the engine at the given parameters
of thrust and specific fuel consumption.

2. Decision of the put task

The determining factor for selecting the type of
propulsion and thermodynamic parameters of the engine
cycle, according to [2], in the design stage of technical

aircraft engine at cruising flight.

As a first approximation demanded
thrust power at cruising jet engine for
the sample must be at least 6,1 kN,
takeoff thrust during takeoff distance
800 m — 14 kN.

The temperature of stagnation at the flight altitude
of 10 km in jet engine is T:I =223 K.

The inlet gas temperature at the turbine Té is

usually determined by the achieved level of technol-
ogy or other specific limitations.

In this case the amount is reasonable to limit val-
ues from 1250 ... 1275 K based on the requirements
of without cooling blades and nozzle apparatus disk
turbine (to reduce the cost of the engine). And opti-
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where 6, = 0, 97 — coefficient of restitution to the ad-
justable air intake.

As well known [4], compressor pressure ratio
economical (CPRc econ) does not coincide with
CPRc optimal. CPR econ, at which the engine has a
specific fuel consumption minimum (SFC min) most
economical, is significantly higher than CPR opti-
mal, at which the engine has a maximum specific
thrust. Therefore, for further calculations, we accept
CPR =5.

The results of calculating thermodynamic turbojet
performed by the method [5] on the maximum take-off
conditions are presented in Table 1.
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Table 1
Thermic calculation of turbojet single-shaft

BASIC DATA

Thrust R = 14000.0N Te=1250.0K Hu=43000.kDj/kg
Sinlet =.97 Sc = .96 n. = .86 n. = .89
KCIxc = .98 FIc = .98 PIc = 5.0
Goxy = 3.00% Pu = 101300.0la Tr = 288.K
Without afterburning mode TG = 1250.K
Gair = 19.99 kg/c PIc = 5.0
Pyn = 700.4 Cym = .10805 R = 14000.0
ot = 1.95 IVc = 2.38
Pc = 491305. PG = 471653. Pt = 241257.3
Tc = 483.5 Tt =1090.6 Cc = 686.0
Hc = 196794. Ht = 198770.7
Cla = 210. m/c Dkl = .381 m Dsrl = .133 m
Dcp = .286 m [JMHA PJI = .124 m

al =327.9 m/c Wlk = 442.6 m/c Ulk = 389.6 m/c

The indexes in table 1:
Hy; — calorific value of the fuel; S;,;,, — coefficient of restitu-

tion in regulated air intake; n.and n, — Compressor efficiency
and Turbine efficiency; S, — Pressure recovery distortion in
the combustion chamber; KCIc — the completeness of combus-
tion ratio; Flc the coefficient rate of the nozzle; Tc*c — pres-

sure ratio of compressor; Goxn — selection of air cooling, and
the needs of the aircraft; G, — Engine air flow; Pyo —specific
thrust , Cyo — specific fuel consumption; Pc, PG, Pt, Tc, TG,
Tt — Pressure and temperature behind compressor and tur-
bine; Cc — velocity of the gas from jet nozzle.

The calculation of the altitude — velocity has shown
that the designed engine with the program adjustment
Nknp. = const and all conditions controlled nozzle when
flying at an altitude of 10,000 m and M = 2 provides
traction 10,8 kN, which is somewhat higher required
thrust. If using an unregulated supersonic nozzle in the
same conditions provides traction 7 kN, which is close
to the necessary value. This significantly simplifies the
design of the nozzle and the engine control system, re-
duced weight and cost of power plant, significantly re-
duced the specific fuel consumption (from 0,1418 kg /
N-h to 0,1308 kg/N-h). Fuel consumption per hour dur-
ing the flight of the UAV to cruising in this case is 916
kg/h. The low temperature at the compressor inlet at

takeoff and cruise modes (T-* not more than 500 K)

inlet
and at the outlet of the compressor (T;kuﬂet not more

than 600 K) can be used in the compressor design cheap
martials (steel) or, if the goal is to reduce the mass of
the propulsion system alloys titanium. Contemporary
methodology for creating advanced gas turbine engines
of all engine building companies based on the advanced
development of scientific and technological potential for
key technologies, sites, systems, basic gas generators.It
is advisable to use this methodology to reduce time and
reduce the cost of engine development for UAVs. For
example, on unmanned reconnaissance and target Tu-
polev TU-143, «REYS» turbojet TR3-117 is based on a
gas generator turbo shaft engine TV3-117 used and well

proven in the Mi-8, Mi-17, Mi-24, Mi-28, Ka-27, Ka-50
and others. On UAVs developed in Russia «Skat» take-
off mass 10000 kg plan to install the
RD-5000B thrust 49,5 kN, established on the basis of
two engines RD-93 (modified RD-33 turbofan aircraft
MIG-29) [6]. For the turbojet, discussed in the example,
you can use a gas generator series Turbofan Engine
RT.172-26 «Adury» MK.101 development Rolls-Royce,
Turbomeca [7] (air flow through the first stage — 20,8

kg/s, 7{;: =4, Té = 1490 K) gas generator or series de-

sign turbofan ZMKB «Progress» DW-2 training and
combat aircraft L39MS/L-59 [8] (air flow through the
first stage — 20,24 kg/s, me =6 C, Tg; = 1352 K). Both
engines have a modular design that greatly simplifies
the design process based on the series turbojet gas gen-
erator.lIt is possible to use gas generators with the same
parameters of some other series engines.When using a
gas generator engine DW-2 and a small decrease in cy-
cle parameters to simplify the design and provide a re-

source( n}k_lp =55, Té = 1275 K), engine provides a

thrust at takeoff 14,23 kN, when flying at cruising —
7,07 kN, whichsatisfies the above example.

Conclusions

1. The determining factor for selecting the type of
UAYV propulsion and thermodynamic parameters of the
engine cycle is a system that is a UAV with its condi-
tions of use and power plant.

2. As an objective function in designing short life-
time jet engine for the UAV, it is advisable to use least
economic cost to design, manufacture and operation of
the engine at the given parameters of thrust and specific
fuel consumption.

3. For supersonic UAV with a range of 500 km is
advisable to use a simplified light turbojet, developed
on the basis of mass-produced gas generator turbine
engines.
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KOHUEIIISA PO3POBKU I'TA AJI51 BE3INIJIOTHOI'O JITAJIBHOT'O AITAPATY
A.M. looscai, B.C. Huzpun

ITo maTepianax BiKpUTHX BHIAHb MPOAHATI30BAHO 3aBIAaHHS, IO BUPILIYIOTHCS OE3MIJIOTHUMH JIITaJIbHUMH
anapatamu (BIIJIA) i BxuBaHi Uil HUX THITW Ta30TypOiHHUX NBUTYHIB. Po3poOky nsuryHa mist BITJIA moxHa Bu-
KOHYBATH «3 HYJIS», IPOSKTYIOUH CIeLliaIbHII IBUTYH JJIsl KOHKPETHOT'O JIITaJIbHOrO anapary. [Ipore mouinpHimmm
€ BUKOPHCTAHHSI T'a30reHepaTopiB MEePEBIPEHUX MPAKTUKOI po3pobok MonynbHux ['T/l, MonepHi3ytoun ix mis Bu-
pillleHHs] KOHKpeTHHX 3aBaanb. /s Han3BykoBux BIUJIA 3 manbpHicTio nonboty 10 500 KM JIOLITEHO BUKOPUCTOBY-
BaTH cnpouieHi yierki TPJ], mopiBHSHO Hemopori, Xo4a i 3 TIpIIMMU TEXHIYHUMH XapaKTepUCTUKAMHU B TOPIBHSHHI 3
TPJI/1. BitMiTHUMH KOHCTPYKTUBHHMH OCOOJMBOCTSIMH TaKHUX JBHUT'YHIB € KOMIIPECOP 3 MaJIIM YUCJIOM CTYIIEHIB,
OHOCTYMiHYaTa TypOiHa, TBOONIOPHUI OJHOBAJIBHUI POTOP, CHPOIIEHI CUCTEMH 3aIyCKy, MaCTWIIbHA 1 MTaJIHBOIOC-
TavyaHHA. Sk minboBY QyHKUi0 rpu npoektyBaHHi ManopecypcHux ['TJI mns BIUJIA mouwinbHO BHKOPHCTOBYBATH
MIHIMYM €KOHOMIYHUX BHUTpaT Ha NPOEKTYBaHHS, BAPOOHHUIITBO 1 €KCILTyaTalilo JBUI'YHA [IPU 3aJaHUX IapaMeTpax
TATU 1 TUTOMOI BUTpaTH MajuBa. HaBeaeHuii mpukiaj] MpOeKTYBAILHOTO PO3PaXyHKY XapaKTePUCTHK OIHOBAJIbHO-
ro TP]I, mro po3pobmserbes st BIUIA Ha 6asi razorenepartopa cepiinoro TPJI/ ya00Bo-TpeHYBaIBHOTO JIiTaKA.

Kurouosi ciioBa: 6e3minoTHui JliTabHAN anapar, TypOOpeaKTUBHUI JBUTYH, razoreHeparop, Mmoxynabauii I'T/I.

KOHUENIUSA PASPABOTKU I'TJ1 1J151 BECITMJIOTHOTI'O JIETATEJIbBHOI'O AIIITAPATA
A.M. looxcau, B.C. Hucpun

ITo mMaTepuanam OTKpPHITON MeYaTH MPOaHATU3UPOBAHbI 33/1a4H, PellaeMble OeCIMIOTHBIMH JIETaTeIbHBIMU all-
napatamu (BITJIA) u npumeHsiemMble U1 HUX TUIIBI ra30TYpOUHHBIX JBurarteneil. Pazpaborky neuratens s BITJIA
MOXHO BBINOJIHATD «C HYJS», MPOEKTUPYs CIEIHaIbHBIN ABUraTenb Uil KOHKPETHOIO JIETATENbHOrO ammapara.
Opnako Oornee 11e7ec000pa3HbIM SBISIETCS MCIOJIb30BaHUE Ta30T€HEPATOPOB MPOBEPEHHBIX NMPAKTUKOW pa3paboToK
MonyabHbIX I'T/I, MomepHU3upys UX Ui pelieHus KOHKpeTHBIX 3a1ad. g ceepx3BykoBbIX BIIJIA ¢ manbHOCTBIO
nonera 10 500 kM menecooOpa3HO KCIOIB30BaTh yHpolleHHbIe Jierkue TP/, cpaBHUTEIBHO HEOPOTUE, XOTS U C
XYALIMMH TEXHUUECKUMH XapaKTepUCTHKaMH o cpaBHeHHI0 ¢ TP/IJl. OTnu4uTeNbHBIMU KOHCTPYKTUBHBIMH OCO-
OEHHOCTSIMHM TaKuX JIBUTaTeJeH SBISFOTCS KOMIIPECCOp C MaJlbIM YHCIIOM CTYIEHEH, OIHOCTyIeH4aTas TypOuHa,
JIBYXOTIOPHBIN OJHOBAJIbHBIA POTOP, YIPOIIEHHBIE CUCTEMBI 3aIlyCKa, CMa3KH U TOIUIMBONUTaHUA. B kadecTBe Le-
JIeBOi (DYHKIIUM TpU MpoeKTHpoBaHuu kopotkopecypcHbix [T/ mns BITJIA nenecooOpa3Ho MCMONB30BaTh MHHH-
MyM 3KOHOMHYECKUX 3aTpaT Ha MPOEKTUPOBAHHUE, IPOU3BOICTBO U IKCIUTYaTAllMIO JBUTATENs IIPU 3aJaHHBIX Hapa-
MeTpax TATH U YAETBHOr0 pacxoja Toiumaa. [IpuBeneH npuMep NpoeKTHPOBOYHOIO pacyeTa XapaKTepUCTUK OJHO-
BanmsHOro TPJI, paspabareiBaemoro st BITJIA Ha 6a3e raszoreneparopa cepuiinoro TPJI/] y4eOHO-TpEHUPOBOYHOTO
camorera.

KnroueBble cj10Ba: OSCIMIIOTHBIA JIETATENBHBIN amnmapar, TypOOpEaKTUBHBIH JBUTATENb, Ta30r€HEPaTOp, MO-
nynpHbIN I'T.
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