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Abstract: In accordance with efficiency criteria, the development of air transport has to the option of
using large passenger airplanes, with capacities ranging from 200 to over 800 passengers and masses
ranging from 100 to over 500 tons. These airplanes require a large airport infrastructure that involve
major air security problems. The proposed idea is to use small, pressurized aircraft for passenger air
transport, with a capacity of 4 to 9 people, including the crew, which can use small and minimally
equipped airports, without complex security facilities, and can fly at altitudes of 12.000 to 18.000 m at
supersonic speeds. These aircraft use Coanda-type jet engine, without a turbine, in which the
compressor is driven by an electric motor, use hydrogen as fuel and are easily converted from a
Coanda-type jet to a ramjet. This engine has devices for transforming thermal energy directly into
electrical energy, thus generating, in whole or in part, the electrical energy necessary to drive the
compressor, until the conversion of the electro-jet engine into a ramjet engine. These proposals
represent a new type of jet engine nevertheless a new concept in passenger air transport.

Key Words: electro-jet engine, Coanda-type jet engine, turbine-less, Seebeck bridge thermal-electric
converters, hydrogen combustion, small passenger aircraft, operation from small airports

1. INTRODUCTION

The main idea is that a passenger airplane with a capacity of 4 to 9 seats is no longer an
interesting target for a hijacking, in this case the security measures that are required in the
case of an airplane with a large number of passengers are no longer necessary. This airplane,
which would resemble a current business jet in terms of passenger capacity, is designed to be
as efficient as possible, with reasonable comfort, and which can be flown according to current
regulations with a single- or multi-pilot crew. If this airplane has the capacity to travel at
speeds comparable to or higher than current airliners (Mach 2 to 4), even if not over long
distances (long range), it will be an interesting alternative, considering also the possibility of
operating from small airports or airfields with minimal ground equipment, using modern
navigation systems (PBN-Performance Based Navigation, based on SBAS-Satellite Based
Augmentation System) but also flying on RNAV-Area Navigation routes on demand,
achievable under the current reorganization of the upper airspace. If this airplane would be
propelled by classic Whittle-type jet engines, the turbine would be very small, resulting in very
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high total losses. For this reason, it is necessary to replace the turbine with a set of an electric
motor fed by a thermo-electric energy convertor. This airplane is equipped with an electro-jet
engine, a Coanda-type jet engine with a compressor driven by an electric motor fed by
Seebeck-type energy recovery bridges. For these devices, [ will also present a study of systems
that transform thermal energy directly into electrical energy. This airplane can use hydrogen
as fuel and this could be the non-polluting airplane of the future. I present also an
experiment for recovering the thermal energy lost through the jet engine walls that is a lost
energy. All of these above are contained in the patent application registered to Romanian
Patent Office - OSIM under no. A/00293/24.07.2023, application made in my own name, as
sole author. Just to recall, the Coanda-type jet engine that equipped the airplane designed and
built by the engineer with the same name, i.e. the Coanda-1910 airplane, exhibited at the
“Second International Aeronautical Exhibition” at the “Grand Palais” in Paris, in October
1910, was a jet engine that was composed of a single-stage centrifugal compressor, driven by
a piston engine, which had a fuel injection and combustion line on the ejected flow, and which
took off accidentally on December 16, 1910, at Issy-les-Moulineaux, near Paris. We find it in
the patents: with no. 416,541 of October 22, 1910, and in the appendix with no. 13,502 of
April 29, 1911, to Paris, France; with no. 58,323 of May 26, 1911, to the Swiss Patent Office;
with no. 12,740 of May 30, 1911 to British Patent; and with No. US 1,104,963 of July 28,
1914, registered in the United States of America. This type of jet engine, called a motor-jet,
can be found on the following airplanes equipped with it, in the year:

- 1934: at the “Regia Aeronautica”, on the Caproni-Campini N.1 (with the CC 2 coding)
and Caproni CA-183bis aircraft;

- 1938: at Heinkel, on the HeS50Z aircraft, the experimental version, and the HeS60 final
version;

- 1942: at the TSIAM Institute led by K.V. Khalshchevnikov, on the MiG-13 / I-250(N)
aircraft, designed by the team led by the engineer Mikoyan and the mathematician
Gurievich;

- 1945: at Yokosuka Arsenal, the team led by engineers Tadano Mitsuzi and Masao
Yamana, on the Yokosuka P1Y-1 “Ginga” bomber, on which the Coanda-type Tsu-11
jet engine was tested, and then the Yokosuka P1Y-3 “Ginga” Model 33 variant, carrier
aircraft of the Okhall kamikaze bomber, which was equipped, in one variant, creating
the Okha22 model, also with the Tsu-11 jet engine. The Tsu-11 jet engine also equipped
the Kikka aircraft, a high-speed, twin-jet fighter, as well as the Yokosuka MXY-9
“Shuka” training aircraft.

The advantages of this Coanda-type engine are:

- no limitation of the maximum temperature in the cycle, thus facilitating the use of
hydrogen as fuel and has a complete and efficient combustion of the fuel, not requiring
extinguishing and cooling the flame after the combustion chamber at the turbine inlet;

- simple conversion into a ramjet by rotating or retracting the rotor and stator blades of
the compressor stages, if a multi-stage axial compressor is used.

The disadvantages of the Coanda-type engine are:

- limitation of the practical ceiling due to the decrease in piston engine power with
altitude;

- technological difficulties associated with the use of a less reliable piston engine;

- the power, size and weight of the piston engine in accordance with aviation requirements
lead to thrust limitations.

To eliminate the disadvantages of the classic Coanda-type jet engine, I replaced the piston

engine that drives the compressor with an electric motor with a power similar to that of the
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piston engine and with a speed that is appropriate for driving an aviation compressor. I intend
to use a multi-stage axial compressor, the centrifugal compressor being unsuitable for
converting the jet engine from a classic jet to a ramjet. The electric motor is powered by an
on-board battery and a set of Seebeck-type converters that transform thermal energy directly
into electrical energy. The first part of the flight, i.e. take-off and climb to cruising altitude,
will be based on energy generated by thermo-electric converters, but also on energy provided
by the on-board battery. These on-board batteries have a higher capacity than those of a classic
aircraft (they have a capacity of 2 to 3 times greater). Upon reaching cruising altitude or at
altitudes that allow speeds at which dynamic compression is more efficient or comparable to
mechanical compression in the axial compressor, the jet engine converts to a ramjet, by
retracting or rotating the rotor and stator blades of the axial compressor stages. At this point,
the Seebeck-type thermoelectric converters power the aircraft's electrical system and recharge
the onboard batteries. I mention the fact that it is possible to convert both the thermal energy
from the gas flow after the combustion chamber, which is the useful energy of the jet engine,
but it is also possible to recover a part of the heat transferred through the hot parts of the
engine to the outside, which is a part of the energy lost to the cold source q, as I will
estimate experimentally on the Part 2 of the article, estimating the degree of recovery of this
energy. Other important advantage of such a jet engine is, in addition to those listed above,
the much lower manufacturing and maintenance costs compared to the classic turbojet
variant, the Whittle-type, which requires both inspection and replacement after certain
intervals of time of the “hot” part.

2. APPLIED THEORY FOR THE STUDY OF THE ELECTRO-JET ENGINE

For the comparative study of this type of jet engine with a classic turbo-jet, I will make
thermodynamic performance calculations. I will start from the general equation of the thrust
that appears in a static section of the engine, according to [1] - [5], [11].

Fio= ﬁsz del'i'lz - #51 vldml + #51 plnldsl + #gz pZnZdSZ

For simplicity, I considered that the gas velocities in the inlet and outlet sections are
subsonic, no shock waves appear, and thus the pressures in the inlet sections 1-1 and outlet 2-
2 (figure 1) do not have shock wave pressure jumps, meaning the internal and external
pressures are equal, so:

Pleint = Pl-ext = P1 GNA P2-int = Pr-exi = P2

For the calculation of the estimated performances, I will make the following simplifying
assumptions:

- the velocities v; and v; are constant in the inlet and outlet sections of the control volume,
through the surfaces S; and S»;

- the flow rates m; and my are constant in the inlet and outlet sections of the control
volume, through the surfaces S; and S;

- the flow duct is axially symmetrical, with the surfaces S; and S, perpendicular to the
symmetry axis of the duct;

- the friction losses and thermal conduction losses through the walls of the flow duct are
not taken into account;

- the flow is irrotational or potential and stationary or permanent;

- the thermodynamic constants k (adiabatic or isentropic exponent) and ¢, (specific heat
at constant pressure) are constant with temperature and equal between the inlet and outlet
of the flow channels and have the value of those for air;
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- the combustion is complete, at constant pressure, with the excess air coefficient equal to
1 (stoichiometric burn) and without dissociations;

- the composition of the working gas does not change before, during and after combustion;

- the contribution to thrust of the fuel flow and fuel enthalpy is neglected;

- the evolutions are isentropic;

- air is considered a perfect gas.

Starting from the integral equation above, respectively, the expression of the thrust in a
closed channel, inside it, in absolute motion (i.e. in a static section of the engine), equation
that will project onto the Oy axis, as shown in the drawing below (figure 1).
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Fig. 1 - Jet engine or part of a jet engine thrust

In this case, we have the thrust of a pare of a jet engine part or of the jet engine as a whole,
thrust that will have two components, namely, an internal component, defined in the equation
below, denoted Tin, and an external component, resulting from the action of ambient pressure,
pu, which is distributed over a cylinder containing the flow section and extending radially into
an undisturbed flow zone (for the whole jet engine) and is limited to the ends of the inlet and
outlet sections of the flow channel to be studied. It is observed that on the lateral surface of
the control cylinder, the py pressures generate forces that cancel each other out, resulting in an
external thrust Tex as the sum of the pressure forces on the two ends of the cylinder. The thrust,
in projection on the Oy axis is, as follows, according to [11]:
—Tie = —voriz + vititg — Fpont-2 + Fpoine-t
Tine = vamz — vy + paSz: — piSi, si:
—Lext = — L'p-ext-2 + Fp-ext—]
Text = (Sext = S2)pr — (Sext — S))pn = Sexiprr — Sopri — Sexpu + Sipn = — pu(S2 — 1), so:
T = Tims + Tew, where:
T = vomy — vy + p2S> — piSi — pu(S: — Sy)

This thrust can be separated, according to [11], into two components, respectively, a

momentum component Tg, and a pressure component Tp, that is:
T = Tr + Tp, where:
Tk = vorit; — vy and:
Tr = p2S2— p1Si1 — pu(S>— S1)

I will write, further, the thrust as a function of the relative parameters, defined between two
sections, named section 1 defined as the inlet section, and section 2 defined as the outlet
section. The speed will be highlighted by the parameter A (called in some books also the
Ceaplaghin number) that is the speed related to the speed in a critical section a. (more suitable
for the jet engine, compared to the Mach number more suitable for the study of aircraft
aerodynamics). I will also highlight the thermodynamic function of the momentum used in
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this chapter, starting from the definition of total enthalpy, respectively, according to [1], [7],

[8]:
e Do - VS KR KR V) = - k=1,
i'=it—=>ql =T+ => T =-—T+=/(k1)=>kRT = kRT + v

where kRT = a?, and a* is the speed of sound squared. And I'll have:
Z(A) = (A + %), thermodynamic function of the momentum.

With these notations, the thrust of the jet engine or a jet engine part can be written in the form:
T = vomy— vy + paS> — piSi1 — pu(S2 — S1), or:
T = (vorinz + p2Sz) — (vimy + piS1) — pu(S: —S;) =

= 1o 22 (02)  titier FaZ(31) ~ pu(S: — Sy) = (where if I noted b = % I will
1

2k,
have) =mIacr.Ib,Z(/ll)[mlacr_lblz o - 1]- pHSz(i—i — 1) = (where they will be noted

with related quantities X between the inlet section: 1, and the outlet section: 2,

: g% ter g [ 2 pppe _ gl
respectively, X = P and a., ~ A Py kRT*, where I noted 4 = |R R and then,

according with [12]: = rivshuy[T{ Z(2)|RAZDNT — 1|~ pusi(S - 1),
or, I can define the specific thrust, respectively, the thrust related to the air flow through the
. . T . m =75~ [7r S, =
inlet section: Ty, = e and I will have: Ty, = hi\| Ty Z(A1) [th(A)\/ T — 1] — p:l—ll(S -1
Ty = hiJT; Z(/lz)[r?lﬁZ(A)\/F - 1] - f*g—ij(f? y
1°1%1
Ty = hiJT; Z(/lz)[r?lﬁZ(A)\/F - 1] - P
1¥1
In the case of a jet engine as a whole, the front of section 1-1 will appear as the flow tube

at the air inlet in the undisturbed area. The specific fuel consumption of a jet engine as a whole
will be: Cy, = m./Typ, where . is the fuel flow.

My Acr—2b2Z(43)

3. COMPARISON BETWEEN THE CLASSIC TURBO-JET ENGINE, THE
COANDA-TYPE JET ENGINE AND THE ELECTRO-JET ENGINE

Particulary, I made a comparative study between a classic Whittle turbo-jet, in 6 compression
ratio variants, with an axial compressor with 2, 3, and 4 stages, respectively, and a centrifugal
compressor, with 1, 2, and 3 stages, respectively, a Coanda-type jet engine in the classic
version (without energy recovery) as well as an electric-jet engine (with energy recovery,
based on Seebeck bridges), in subvariants of classic fuel supply (kerosene), but also in
subvariants of hydrogen supply.For example, I will present such a calculation for a 2-stage
centrifugal compressor, for the case of kerosene and hydrogen supply. In the first phase I will
make a thermodynamic calculation in the ideal cycle, with the following assumptions, part of
these stated above:

- the component efficiencies in all variants and of the processes in the engines are 100%;

- the gases evolutions are isentropic;

- the coefficients c, and k do not depend on the temperature, and have average, constant
values, for the temperature range in which each variant operates. The air coefficient
constant R has no variation with temperature;

- during and after combustion, the working gas does not change its composition and the
dissociation reactions during combustion are neglected;
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- combustion is done with an air intake excess coefficient A=1 for the classic Coanda-type
jet engine variants (motor-jet engine) and for the electro-jet engine;

- for the classic turbo-jet, the maximum average temperature T3, maximum in the cycle,
of 2100K is considered, a temperature comparable to actual turbo-jets (source
www.aviation.stackexchange.com);

- friction is neglected;

- heat losses through the engine walls are neglected;

- power losses spent by the jet engine aggregates and systems are neglected, with the
exception of energy recuperators of the Seebeck-type bridge, which are considered to
have a recovery efficiency of 100%;

- the mechanical compression work l. does not depend on the aircraft speed (as a first
approximation, especially for the axial compressor).

For the calculation of ideal cycles, the relationship used will be, according to [1], [9], [10]:

ds = o de /f =>5,—5 = cpln Rlnp— =>5,-85 = cpln— Rln— =>g,=
)]
51+ c,,ln.— - RInf2
1 D1
and from (1):
E S2—S51
. _ . (D2 k Ty 1’
12 l](pl) (exp P ) ( )
k
. —_— _ S2—51 . 29
p2= pz(l.—z)k_l (exp R ) where s is the enthropy 1)
lq
These equations are specific for the thermodynamic evolutions:
« Isothermic (T =T =>i2 = 1) 52 = s/ - RIn%; (inverse p, = prexp” ") 2)
1
. i Sy— S i 2= Iniz
* Isobaric (p2 = p1) s2—§; = ¢pln2 => 2 = In2 2 / exp=>exp ? =exp i1 =>
Sp2—S1 52_51L1 Cp (3)
- iz . . T 2
exp ‘r = T T~ 2 T LEXp p (mverse S, = s + cplni—)
! . . R ! R
. i = 2 = pInE2 => 1n2 = p — = (P2)pr =
Isentropic (s2 = s1) c,,lnl,1 Rlnp1 > lnl_1 ln(pl) =>i= l1(p1) =>
“4)

ir= lz(Zi)% <1nverse Dy =11 ( )k 1)

In these relations, I approximate, according to [9], [11], ¢,=1083.2 J/kgK, k=1.3623, as
constants with temperature (R=288.1 J/kgK being a constant with temperature and having the
same value for air and combustion gases). For kerosene (Jet-Al) I have minL=14.598 kg
Air/kg Kerosene, the stoichiometric quantity of air to burn chemically complete the fuel, the
chemical energy of the fuel Ey=43150 kJ/kg, according to [9], [13] and Wikipedia. With these
data I will have a maximum enthalpy increase after combustion, with an excess air supply A=1:
Ai=Eo/(minL Kerosene)=43150/14.598=2955.9 kJ/kg

The value corresponds, according with [9], [13] and with the information found on
Wikipedia for the adiabatic combustion temperature of kerosene under ISA-International
Standard Atmosphere conditions which is 2455°C / 2730K. I will consider the possibility of
using hydrogen as fuel, with a major consequence in reducing the carbon footprint and
protecting the ozone layer at the tropopause altitude. I mention that I currently have insufficient
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information about installations and technologies for using, producing and storing hydrogen,
but I am sure that they will be available in the near future. Related to this topic, I present below
a variant for calculating the hydrogen combustion parameters, according to [6], [7], [9], [10],
as follows. The combustion reaction of H, (above I wrote the relative atomic masses of the
components to the atomic mass of hydrogen which is considered to have an atomic mass equal
to 1), will be:
@® @16 (18)
2, + 0, =211,0
so: 4kgH, + 32kgO, = 36kgH,0 /:4

1kgH> + 8kgO, = 9kgH,O
But 8 kg of O, it is found in 84,292 kg of air, therefor:
1kgH, burn with minl.=8#4,292 kgl =34,336 kgl/kgH>
So: minL=34,336 kg Air/kg Hydrogen
From [12] we have for hydrogen, approximately, EO=120000 kJ/kg, which results in an energy
released after combustion, found in the enthalpy increase, of:

Ai=Eo/minL H>=120000/34.336=3494.9 kJ/kg

The approximation k=1.3623, is also verified by taking into account the tables for the values
of absolute temperature T, specific enthalpy i and specific entropy s for air at the standard
pressure of 101325 Pa, as well as other information from [8] and [10]. I calculated the ideal
cycle parameters in the variants and sub-variants presented above, in the first phase, under
ISA-International Standard Atmosphere conditions, at sea level (MSL-Mean Sea Level or H=0
m) and at speed v=0 (at a fixed point, Table 1) and for altitude H=8000m and speed M=0.8
(i.e. v=246.4m/s, Table 2). The calculations were performed with 5 significant digits. I started
from ISA conditions at sea level, i.e. pp=101325 Pa and to=15°C=288.2K, with ip=312.2 kJ/kg
and s0=6.8349 kJ/kgK, as average values between air and burnt gases, according to [10].

For the classic Coanda-type jet variant, I used a TAE Centurion 125-02-99 engine, with the
following parameters (according to TCDS EASA E.055 of Continental Aerospace
Technologies GmbH and POH Diamond DA40 D of Diamond Aircraft Industries GmbH):

- Maximum take-off power: 100kW/135HP;

- Jet-A1 fuel consumption, at take-off power: 29.1 /h=23.4 kg/h.

For the electro-jet engine type I will use a high-speed electric motor MGV950CAX type
(source www.parker.com) with a power of 170kW and a speed of 20,000 rpm (the
MGV860CBD type with a power of 94kW and the same speed could also be used), a motor
produced by Parker Hannifin Manufacturing France SAS, a branch of the AC890 Drive
Association. To generate electricity, I will use Seebeck bridges TEG2-50-50-40/200 type
(source www.eureca.de), which produce 40W of energy each, have dimensions of 50x50 mm,
weigh 38 grams and are produced by EURECA Messtechnik GmbH (2500 pcs. with a mass
of 95 kg and a surface area of 6.25 m? for which a length of the hot part, at take-off thrust
conditions, would result in a first approximation of 2200 mm; the combustion chamber and
the diffuser being annular in shape with an outer diameter of 500 mm and an inner diameter
of 400 mm). If the onboard batteries are used as an additional source of electrical energy for
takeoff and climb to cruising altitude, then the electrical energy generation area can be reduced
to half the estimated length, i.e. 1100 mm, and, accordingly, the mass of the Seebeck bridges
is reduced to 48 kg. It is observed, in the case of the electro-jet engine, that there is an isobaric
evolution 3*- 4* where a quantity of energy is spent, which represents the energy that is
recovered, with the Seebeck bridges, from the gas flow after the combustion chamber. This
gas energy is directly converted into electrical energy, part of this energy is used for the electric

INCAS BULLETIN, Volume 17, Issue 4/ 2025



Sorin NUTU 138

motor that drives the compressor and the surplus energy is stored in an on-board battery (in
case there is a deficit of electrical energy, for example, during the take-off, initial climb and
cruising climb to cruising altitude, part of the energy stored in the on-board batteries can be
used). Generally, when cruising, the aircraft reduces its power, depending on the chosen cruise,
between 45% and 75% (usually it is reduced to approximately 50%), so the necessary power
generated by the Seebeck bridges, taking into account the dynamic compression due to the
cruising speed, is generally below 50% of the maximum power required for takeoff and climb
to the cruising altitude. In the case of converting the electro-jet into a ramjet, at the cruising
speed and altitude, the electric generators are used as on-board generators, which supply the
aircraft's electrical system and also recharge the on-board batteries. I present the calculation
results for a 2-stage centrifugal compressor, classic turbojet (TR figured) and Coanda-type jet,
with the two sub-variants, classic Coanda jet (CC figured) and electro-jet (CR figured), which
will have the following parameters (the power corresponding to the calculated air flow is
P=100kW):

k-1

i =9.0; 1% =iy <n*7 - 1) —247,8 kl/kg => 1, = 13 — 0,40355 kg/s;

c

The calculation was made both for kerosene (Jet-A1, with the extension -K) and hydrogen (Ho,
with the extension -H) fuel variants as well.

Table 1 - Jet engine parameters at H=0 m, v=0 m/s

p [Pa] T[K] i [kJ/kgl] ‘ s [kJ/kgK] ‘ Tsp[m/s] Csp[kg/Nh] A%Tsp A%Csp
POINT
0=1* 101325 288.2 312.2 6.8349
2* 911925 517.0 560.0 6.8349
3* TR 911925 | 2100.0 2274.7 8.3532
4* TR 591015 | 1871.2 2026.9 8.3532 K/H -2.6 -64.3
5 TR-K 101325 | 1170.6 1268.0 8.3532 1283.7 0.11765
5 TR-H 101325 | 1170.6 1268.0 8.3532 1249.9 0.04195
3* CC/R-K 911925 | 3245.8 3515.9 8.8248
3* CC/R-H 911925 | 3743.4 4054.9 8.9793 K/H 3.4 -58.9
5 CC-K 101325 | 1809.4 1959.9 8.8248 1884.9 0.13083 46.8 11.2
5 CC-H 101325 | 2086.7 2260.3 8.9793 1949.6 0.05378 56.0 28.2
4* CR-K 911925 | 2998.8 3268.1 8.7457
4* CR-H 911925 | 3514.7 3807.1 8.9110 K/H 4.0 -59.1
5 CR-K 101325 | 1681.9 1821.8 8.7457 1817.3 0.13570 41.6 15.3
5 CR-H 101325 | 1959.2 2122.2 8.9110 1889.1 0.05550 51.1 32.3

Table 2 - Jet engine parameters at H=8000 m, v=246.4 m/s

PARAM. p [Pa] ‘ T[K] i[ki/kg]l | s[ki/kgK] | Tsp[m/s] ‘ Csp [kg/Nh] ‘ A% Tsp ‘ A% Csp
POINT
H 35650 236.1 255.7 6.9199
1* 54352 264.1 286.1 6.9199
2* 489182 | 473.8 513.2 6.9199
3*TR 489182 | 2100.0 2274.7 8.5326
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4* TR 329385 | 1890.3 2047.6 8.5326 K/H -3.3 -64.1
5TR-K 35650 | 1046.4 1133.5 8.5326 1164.0 0.13328

5TR-H 35650 | 1046.4 1133.5 8.5326 1126.0 0.04784

3* CC/R-K | 489182 | 3202.6 3469.1 8.9898

3* CC/R-H | 489182 | 3700.2 4008.1 9.1462 K/H 4.0 -59.2
5 CC-K 35650 | 1595.9 1728.7 8.9898 1747.1 0.14115 50.1 5.9
5CC-H 35650 | 1843.8 1997.2 9.1462 1817.4 0.05769 61.4 20.6
4* CR-K 489182 | 2993.0 3242.0 8.9164

4* CR-H 489182 | 3490.6 3781.0 9.0830 K/H 4.6 -59.3
5 CR-K 35650 | 14914 1615.5 8.9164 1680.8 0.14672 44.4 10.1
5 CR-H 35650 | 1739.4 1884.1 9.0830 1758.1 0.05964 56.1 24.7

With these calculated data, the i-s diagrams are drawn for the three
respectively, with two sub-variants (I mention that these variants were drawn to scale, figure

2,3 and 4):
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Fig. 2 - Ideal cycle for turbo-jet engine

In the case of the Coanda-type jet, in the classical and electric versions the relationship
between the mechanical compression work I and the power P of the piston engine or electric

motor is: P=l.*1h,, where m, is the air flow of the compressor.
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Fig. 3 - Ideal cycle for Coanda-type jet engine
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Fig. 4 - Ideal cycle for electro-jet engine (recovery jet engine)

To be closer to reality, [ will also do a check in the real cycle, for MSL and fixed-point variants,
and for the calculation of the real cycle I will use the thermodynamic tables from [10] but also
information about the thermodynamic parameters of some combustible substances, such as
kerosene and hydrogen, from [6] and [8]. I will also consider the dissociation during
combustion for the first equilibrium. Thus, for the calculation of the composition of the burnt
gases in the case of kerosene (or Jet-Al fuel), according to [10], I can consider a mass
participation of the standard fuel (for simplification) as follows:

c=0.8608 kg C/kg fuel; h=0.1392 kg H/kg fuel,

and for a mass composition of air (considering, for simplification, that it has a volumetric
composition of 79% N, and 21% O,, where the percentage of approximately 1% Ar was added
to nitrogen which is an inert gas, and the rest of the components, which are below 0.1%, will
be neglected) of approximately (we symbolize air with L):
4.292 kg L/kg O2 (and, respectively, 3.292 kg N2/kg O2)
In this case, I have:
minL kg=4.292(8/3¢ + 8h) kg L/kg fuel=14.632 kg L/kg fuel for stoichiometric conditions

If kerosene is considered as a hydrocarbon compound with a conventional chemical formula
of the form C,H»; as defined in [14], from which a mass participation results as:

¢=0.8623 kg C/kg fuel; h=0.1377 kg H/kg fuel, which results in a value minL=14.598 kg L/kg
fuel, values that are close to the values above and I will use in the future.

For the calculation of the combustion temperature, information from [6], [8] and [10] will be
used, as follows:

- the energy balance of the combustion will be, according to [8]:

Miclcomb.-Tini. T Malaer-Tini. tHcE = mgig.a.-Tini. + mc(Qp)Tini. = mgig.a.-Tj'in. where:
t/the=AminL si tig = H, + M. and [ have:
icomb:Tini. + AminLl’aer-Timﬂ +E0 = (1 +AminL)ig4a.-Tini4 + (Qp)TinL = (1 +AminL)ig4a.-Tfin4

where:

- i is the enthalpy of the fuel, air or burnt gases at the initial and final temperatures,
respectively;

- Ey is the chemical energy of the fuel (sometimes it can be defined as the lower or upper
calorific value Pci or Pcs);
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- (Qp)T is the heat of reaction, at constant pressure, and at a certain temperature.
These last two quantities can be taken from thermodynamic tables, or can be calculated
approximately, according to [8]:
(Op)cars-r=393777a + 241989(B/2) kJ/kmol and:
P = 32814c¢ +120995h kl/kg.
If the enthalpy of the initial substances is considered to be i i -rini. = icomb.-Tini. + AMinLizer.rini. and
the enthalpy of the final substances i;s.r = (1+AminL)i, .r at the initial and final temperatures,
respectively, the energy balance will become (in all these cases the heat of formation of the
component substances is neglected):
is.i.—Tini. + EO = isf—Tini. + (Qp)Tim'. = is.jf—]ﬁn.

where I have, formally, two evolutions (equivalent to the chemical reaction of fuel
combustion), respectively, a first transformation of isothermal input of chemical energy of the
fuel Ey at temperature Tini. , followed by a transformation of isobaric input of reaction energy
at constant pressure Q,, between the initial temperature Tini. and the final temperature T
I will consider the values for these quantities, for kerosene, from tables in [6], [8] and [10] as
follows:
Eo= 43150 kJ/kg, (Op)soox = 7039050 kJ/kmol.
In the case of hydrogen, | mention again that I did not found sufficient documentation for the
combustion parameters, finding only the following data presented by Alejandro Millan-
Merino and Pierre Boivin [14]:

- according to [11] (Qp)soox = 243642 klJ/kmol si (Qy)ssox = 244111 kJ/kmol;

- according to [7] Pei = 119617 kl/kg, Pcs = 141974 kl/kg = 242071 kJ/kmol,

Qp =241746 kJ/kmol = 119910 kJ/kg (water vapor, T not defined),

Qp, = 285791 kJ/kmol = 59491 klJ/kg (liquid water, T not defined),

R =412 J/kgK, n=2,016 kg/kmol, minO, = 8 kg O./kg Ha,

minL = 34,336 kgl/kg H..

I will consider Eo = 120000 kJ/kg, (Qp)soox = 238642 kJ/kmol si (Qp)ssox = 240111 kJ/kmol, R
=412 J/kgK, p = 2,016 kg/kmol that is the kmol mass, minL = 34,336 kgl/kg Ho.

For a most accurate calculation of the combustion temperature, [ will also consider the
dissociation reactions, taking into account the first dissociation equilibrium, both for kerosene
and for hydrogen. According to [8] and [10], in the case of dissociation, I have an equilibrium
for the components before and after dissociation, of the form:

gA +rB+.. & sC+ 1D +...

where: Wl) = ko pz * pg e... is the reaction speed of the initial gas substances, that has pa, ps,
... are partial pressure for initial gases, and

VV; = koo p& o ph e... is the reaction speed of the final gas substances, that has pc, pp, ... are
partial pressure for initial gases, and Wl) = WZ , where k; and k; are the reaction constants.
The equilibrium equation can be written in the form:

_ ki _ piephe..
Pk, plephe.

where K, is an equilibrium constant.

From the properties of the gas mixture, according to [10] we have:

Dam = Xi=1Pi, Where p; = ripam, Where ri=V;/V is the volume participation of gases in the

mixture, and p; is the partial pressure of gases in the mixture, and:

INCAS BULLETIN, Volume 17, Issue 4/ 2025



Sorin NUTU 142

and
m;
—_ M _ Vi
ri = W
E‘{l:lﬂ_il Vam
where vy, = ?=1,4_-L’ vi is the kmol quantity of i component, and ; is the kmol mass of i
L
component.
From here we have:
pi=-"p
1 Vam am

Under these conditions, I will have:

(s+t+-)—(q+r+-) ;5 .0t
Dam Veevpe...
- (22) =

q
Va

Vam Vpe...

I will consider the first equilibrium, which is as follows:
- for kerosene: carbon monoxide equilibrium: CO + 1/20; «» COy;
- for hydrogen: hydrogen equilibrium [14]: H, + 1/20, <> H>O.
From an energetic point of view, in the case of considering dissociations, the energy balance
is:

l.x.ll-Tini. + E() = ix._ﬁ-T[ni. + (Qp)Tim’. = ix._ﬁ-Tﬁn.-d[socA + E()—d[soc
where: Eo.dgisoc. 1S the energy lost due to dissociation reactions that will be subtracted from the
enthalpy of the final substances at the final temperature i -7 = is.f-Tfin.-disoc. T Eo-disoc., Which
means a decrease in enthalpy, respectively a decrease of the final temperature after
combustion.
To estimate the losses in the jet engine, I took information from [8] and [13], as follows:

- opa =098 total pressure losses in the intake device;

- e =0,75 compressor efficiency;

- oca =095 total pressure losses in the combustion chamber;
- Eca =0,95 combustion chamber perfection coefficient;
- =090 turbine efficiency;

- M =0,99 mechanical efficiency;

- @ear =097 losses in the jet nozzle.

The calculation of the real cycles was made for ISA conditions (To = 288.16K, po=101325Pa),
at H = Om and v = Om/s. The calculations were made using the thermodynamic tables from
[10]. Kerosene (Jet Al fuel) will be taken into account defined as the approximate chemical
formula Ci2H»3, according to [13] (Table 3). The interpolations between the intermediate
values in the tables are linear interpolations. I will consider Rqir = 0.2882 kJ / kgK, Kair-average =
1.39 (constant between 300K and 550K). I chose m." = 9.00 and, for TR (classic turbojet), T3
* =2100K. For Coanda-type jets, both variants, classic and electric, I consider A = 1.05, taking
into account the secondary flow through the combustion chamber to protect its walls.
Calculations were made with 5 significant digits with rounding.

Table 3 - Real cycle parameters for jet engines

Param.> p T i s Tsp Csp Ic*
 POINT [Pa] (K] [ki/kel [ki/kgK] [m/s] [kg/Nh] [ki/kel
0 101325 288.2 287.1 6.8210
1* 99299 288.2 287.1 6.8268
2*id 893687 540.0 537.9 6.8268 250.77
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2% 893687 584.3 582.1 6.8486 295.02
3* TR-K 849003 2100.0 2567.5 8.4594
4* TR-Kid 471482 1826.4 2236.4 8.4594
4* TR-K 471482 1850.0 2269.5 8.4776
5 TR-Kid 101325 1322.1 1544.1 8.4776 1204.5
5 TR-K 101325 1379.0 1586.9 8.4982 1224.9 0.1422
3* TR-H 849003 2100.0 2815.1 9.2581
4* TR-Hid 504603 1882.8 2484.0 9.2581
4* TR-H 504603 1904.7 2517.1 9.2763
5 TR-Hid 101325 1344.8 1692.1 9.2763 1284.5
5 TR-H 101325 1379.8 1740.8 9.3076 1268.5 0.0513
3* CC/R-K 849003 2504.2 3133.7 8.7060
3* CC/R-H 849003 2645.5 3963.7 10.1443
5 CC-Kid 101325 1607.7 1894.3 8.7060 1574.4
5 CC-K 101325 1459.3 1967.5 9.8970 1626.8 0.1444
5 CC-Hid 101325 1729.3 2422.3 10.1443 1755.8
5CC-H 101325 1789.0 2513.4 10.1738 1750.3 0.0570 e-rec*
4* CR-K 849003 2239.1 2761.2 8.5487 372.5
4* CR-H 849003 2428.9 3591.2 9.9970 372.5
5 CR-Kid 101325 1428.7 1655.9 8.5487 1486.8
5 CR-K 101325 1297.8 1721.2 9.7178 1536.3 0.1529
5 CR-Hid 101325 1578.0 2179.1 9.9970 1680.5
5 CR-H 101325 1633.6 2262.6 10.0270 1675.3 0.0596
4. CONCLUSIONS

As a conclusion of the comparative theoretical study, on ideal cycle, for various heights and
speeds, and between the ideal cycle and the real cycle on the ground and at a fixed point, it
results:

- on the ground and at a fixed point, the electro-jet engine has an increase of 41.6% in specific
thrust compared to the Whittle-type turbo-jet engine, with an increase in specific fuel
consumption of 15.3% if kerosene is used as fuel, and an increase of 51.1% in thrust and of
32.3% in specific fuel consumption if hydrogen is used as fuel;

- at 8000 m and at M 0.8 (246.4 m/s = 887 km/h = 479 kts) the increase in specific thrust of
the electro-jet engine is 44.4% with an increase of the specific fuel consumption of 10.1%
compared to the Whittle-type turbo-jet engine if kerosene is used as fuel, and a 56.1% increase
in specific thrust with a 24.1% increase in specific fuel consumption, if hydrogen is used as
fuel. This estimation was made on the ideal cycle for both jet engine variants.

For the calculation on the real cycle, taking into account the first equilibrium for the
combustion with dissociation, on the ground and at a fixed point, the increase in thrust for the
electro-jet engine, compared to the turbo-jet engine is of 25.4% for the specific thrust and of
7.5% for the specific fuel consumption, when using kerosene as fuel and of 32.1% for the
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specific thrust and a 16.2% increase in the specific fuel consumption, when using hydrogen as
fuel.

I mention that I made this calculation taking into account the recovery of thermal energy from
the main flow of exhaust gases for the generation of electrical energy with Seebeck bridges. I
mention that in chapter 8, I make an experimental estimation of the recovery of the energy lost
through the hot parts of a small turbo-shaft jet engine, energy that constitutes an irretrievable
loss in a conventional turbojet.
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