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Report on a Special Gas Turbine Principle 

(Project No, LP-256) 

Dr. H. J, Pabst von Ohain 

ABSTRACT 

A special principle of gae turbines is described and investigated for aircraf 
application. A general description of this engine is provided, and an instructive 
picture of each individual process is disclosed. Tests results already obtained 
are discussed. Suggestions ere given for a testing program, and for a new test 
engine to be used in completing the previous test results. 
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REPORT ON A SPECIAL GAS TURBINE PRINCIPLE 

1. Introduction 

up by the increase of temperature of the working sub^6 ^ th<3 pressure is built 
operating according to this method is simple and not^f^u*111 b®.described. An engine 
can be reached, due to a strong internal cooling Th» Sltlve* ^lgh gas temperatures 
by the temperature rise of the working snhstnn g’ a ■ pressure obtained is determined 
minute;hereby favorable conditions S the 00^0^1 °f the per 
efficiency without heat exchanged cractLnfî« Í 6 are given* The total 
a pressure ratio ranging betwefn 4 and 5! 117 b maintained bet"een IS and 22% by using 

according to the intended ïse ^''^rengin^It^efírth the construction differs 
gas turbines, very favorable values can be ¡ttained in comparison to the normal 

2» Engine Description 

in Fig. 1. A cell roto^l^rpl^S^^he^ous^113?! intfoduction is shown 
cell rotor by means of its walls 7 and S (see P-ig i ^ousing Partially covers the 
3 connects the combustion chuter wïïh the e Lt^r h^^ 311(1 ^ 0penlng 
in wall 7, and by channels 15 which are located L ° T 14 WKÍCh are loCated 
directly driven by the cell rotor 1 îhe turbinén U supercharging fan 9 is 
The cell rotor is shown in Fig 2 Detitl nf o T3 lndePendently of the cell motor. 
The engine, according to Fig.^ is v^iíi V°!f WÍ11 be discussed ^ 6. 
with rotating combustion chambers. As contrasted with^he11"1™1™1 ^^t^t-volume turbines 
volume turbine which employs intermittent ! th hf ! glne °f Flg’ the constant- 
chamber 4, the openingsP37or“h^ÎseÎÎ ^ haVe the stationary combustion 

cause "the o^Lt^Uen^ «lo^ls^im^lt^LVí^t 
romance and thermal efficiency are insufficient. dilflcult> ®d The observed per- 

3« Method of Operation 

ÍfSZAZZatVâ h 0i,erale8 aS f°11”s: BI ”r supercharging 

thrci th, sZiat edat4Lr piTrSc'ifi s Tir^i zvir a°” 

ZãTZ IZZZlrr, h0t ZÄ-VÄ íhe^chert^gZr113’ 
betoeen the tao rails 7 4“« thS “g“3!’ “‘Sr the space 
inlet side by channels U, (kp* p- i f connected with the combustion chamber 4 at the 

hot gas with theTressuä'p Ld tïeV SeCtÍOn “d Section Assume 
flows through channels 14 from thï te“pefatur® T 111 bhe combustion chamber. The gas 

between the combustion chamber Sd the œîlT CellS-ßy thÍS connection 
pressure in the combustion7hLb“r ?he hít ' the pressure f the cells rises to the 
moment upon the walls of the cell rotor. 233 fl0Wing the cells exerts an impulse 

inducing Í7ÍIIZ ÍLTÍZ 77 " “Zb HOt gaS n°’S lnt° ‘ “U- «»-by 
cf the hot gas p™”uced bv thTL tÙe flrSt Channel Tte 3nsr¿ 
the cells is changed into7mprhaP-¡ difference between the combustion chamber and 
flowing th^rTf i mechanical energy. That is accomplished by the hot gas 

ÏÏÂ ; “’tZenZi”6”1™1' ^the r11 «bis! SÄcit, 
efficiency produced ¿ t^e^'dill^Z.^? 

rHS:£E“iF~! -* =: :: :: ä,-js 
Cdinbustion gas. The threat area cf S, 7Tt chLÍS „TÄf StS^Ít-g,“' 
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channels l4 must be such that, under the given circumstances, the pressure produced in 
the cell amounts to only a small percentage (about the pressure difference be¬ 
tween the scavenging fan and the combustion chamber. By this method of dimensioning, 
the pressure oscillation against the average pressure is small (about 15$); therefore, 
the flow in channel li¿ is approximately steady. The same consideration is applicable for 
the remaining three stationary hot-gas channels 14 in Sector II (Fig. 1 Section A-fi). 
When a cell has passed the four channels in Sector II, the pressure in the cells has 
nearly reached the pressure in the combustion chamber. Therefore, the velocity of the 
gas in the four channels in Sector II has individual values according to the decrease of 
the pressure difference between the combustion chamber and the cells. 

When the pressuie in the cell has nearly reached the pressure in the combustion 
chamber, the cell moves into Sector III of the rotor. (See Fig. 1 Section C-D.) In this 
sector, the opposite end of the cell also is connected with the combustion chamber by 
channels I5. (Fig. 1 Longitudinal Section, and Section C-D.) The direction of channels 
15 is the reverse of the direction of channels 14. Hereby a flow of the gas is produced 
according to the arrow signs (Fig, 1, Longitudinal Section). The compressed fresh air 
flows into the combustion chamber through channels I5. The cell is filled entirely with 
compressed hot gas. The effect of the mixture in the cells of hot gas and fresh air will 
be discussed later. (See par. 4 a.) 

It was assumed at the beginning of this chapter that in the combustion chamber there it 
a certain pressure P and a certain temperature T. The value of the pressure P.can be 
derived as follows. 

dith.in Sectors II and III the cells, together with the combustion chamber, form an 
nermetically sealed room; therefore, the weight of gas inclosed in this room will be 
constant while the engine is running under stable conditions. Consequently, the cells 
leaving this room must carry out exactly the same weight of gas as is carried in by the 
entering cells. Since the cell volume is constant, the absolute pressure of the hot gas, 
r, increases in proportion to the absolute temperature T^. 

p " Po • Th/Tf 

lh “ absolute temperature of the hot gas in the cells leaving Sector III. 

T|. - absolute temperature of the fresh air in the cells entering Sector II. 

P0 = absolute pressure of ths fresh air in the cells entering Sector II. 

P - the absolute pressure of the hot gas in the combustion chamber. The combustion- 
chamber pressure is the same as in the cell in Sector III. 

Therefore the pressure ratio obtained in the cells depends only on the temperature ratio, 

Tlfwas achieved6111 ^ ^ lndÍVldUal P1^063363 b7 the temperature increase from Tf to 

ThP The cells “ntaljlJ;ng high-pressure hot gas enter the Sector IV, Fig. 1, Section G-H. 

5de Snls ^ ^ pealf °n 0ne Side the wal1 7, and opened on the opposite 
^ g: 1 Section E-F and G-H ). The hot gas flows through the adjustable vane I3 

(Fig. 1, Section K-L) into the turbine 10. The hot gas remaining in the cells will be 
displaced by fresh air. (See Fig. 1, Section E-F.) This process was described in the 
preceding paragraphs. u une 

SectoS^TltZNg.' The Wh0le Pr0CeSS COnSÍStS °f f0Ur Partial Processes> whlcn operate in 

Partial process 1 in Sector It Scavenging of cells with fresh air 

Partial process 2 in Sector II» Leveling of pressure between the combustion chamber and 
the cells 

Partial process 3 in Sector Ills Exchange of the compressed fresh air for hot gas 

Partial process 4 in Sector IV: Expansion of hot gas 
F-TR-21S6-ND 2 
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In the following paragraph, thennodynamical characteristics of the whole process and 

quantitative details of the four partial processes will be given« 

4. Thermodynamic Characteristics 

a. General Relations Between Temperature, Pressure, Output Power, and. Efficiency 

The process described in par. 3 can be carried out in a hypothetical engine 
consisting of a combustion chamber and a cell connected by channels (Fig. 3.) To explain 
the thermodynamic process such a simplified arrangement is especially appropriate. 

The simplified arrangement shown in Fig. 3 (numbers do not necessarily correspond 
to those of Fig. 1) consists of valves 1, 2, 3> and fuel nozzle 5> cell 6, combustion 
chamber 7> connecting channel between the combustion chamber anucells S and 9> hot-gas 
outlet 10 and iresh-air inlet 11. The operating method is the same as described in par. 3» 

The hypothetical engine may operate on either of these two limiting cycles 1 

(1) Absolute separation of hot gas and fresh air within the cell 

(2) Complete mixture of hot gas and fresh air within the cell 

The operation with absolute separation is now to be described. The attainable 
energy can be produced by means of a turbine placed within the channel 8 (Fig. 7) or by a 
piston 12 installed within cell 6. (See Fig. 3») For descriptive simplicity the piston 
instead of a turbine is assumed. This assumption is justified, because the thermodynamic 
action of a piston is fully equivalent to that of a turbine. The four partial processes 
are as follows! 

Partial Process 1 (Fig. 3) Valves 1 and 2 are open; valves 3 and ij are closed. 
The piston moves from position c to a; fresh air entering at 11 flows into cell 6; low- 
pressure hot gas is driven out of the cell through nozzle 10. 

Partial Process 2 (Fig. i;) Valves 1 and 2 close; valve 3 opens; and valve ¡4 
remains closed. The hypothetical piston 12 moves from position a to position b. The 
volume of fresh air decreases from V0 to V (Fig. I4, PV Diagram); hot gas flows into the 
cell 6 through channel 8 and through the open valve 3. The pressure of fresh air in¬ 
creases adiabatically from P0 to P, The hot-gas pressure, on the side of the piston open 
to the combustion chamber, has the constant pressure P. The useful work of this partial 
process is equal to the area of the shaded triangle. (See Fig. 4 PV Diagram.) 

Partial Process 3 (Fig. 5) Valve 4 opens; valves 1 and 2 remain closed; valve 3 
remains opened. The piston moves from position b to position c, whereby the compressed 
fresh air is driven into the combustion chamber through channel 9 and opened valve 4. 
Cell 6 is entirely filled with high-pressure hot gas. The only work required in this 
exchange process is that necessary to overcome gas-flow friction. In an ideal process 
no friction exists, so tneoretically, no work is done in transferring the compressed air 
from 6 to 7. In a real engine, the work necessary to overcome gas friction is supplied 
by inertia forces in the machine, which are built up from preceding cycles. 

It may be mentioned that in combustion chamber 7 the pressure suffered a decrease 
when some hot gas flowed out of the combustion chamber into cell 6, within partial process 
2. This decrease is small if the volume in the combustion chamber is large in comparison 
to the volume of the cell. The pressure decrease is compensated again by the compressed 
fresh air being conducted into the combustion chamber within partial process 3, because 
the volume of the air conducted into the combustion chamber after being heated, is equal 
to the volume of hot gas which flowed from combustion chamber 7 into cell 6 in partial 
processes 2 and 3» 

Partial Process 4 When the cell 6 is entirely filled with high-pressure hot gas 
(Fig. 6), valves 3 and 4 close, valve 2 opens, and valve 1 remains closed. Piston 12 
remains motionless at position c. The hot gas flows out through the nozzle 10 and is able 
to do work by means of a piston, a turbine, or by jet reaction. This is an adiabatlcal 
process. The value of this work is equal to the area of the shaded triangle in the PV i¡; vjrem 
(Fig. 6). V" means the volume of the expanded hot gas. 
F-TR-2186-ND 3 
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In the following paragraph, thermodynamical characteristics of the whole process and 
quantitative details of the four partial processes will be given. 

il. Thermodynamic Characteristic^ 

a. General Relations Between Temperature, Pressure, Output Power, and Efficiency 

The process described in par. 3 can b® carried out in a hypothetical engine 
consisting of a combustion chamber and a cell connected by channels (Fig. 3«) To explain 
the thermodynamic process such a simplified arrangement is especially appropriate. 

The simplified arrangement shown in Fig. 3 (numbers do not necessarily correspond 
to those of Fig. 1 ; consists of valves 1, 2, 3> Tuel nozzle 5j cell 6, combustion 
chamber 7, connecting channel between the combustion chamber ana cells 8 and 9> hot-gas 
outlet 10 and fresh-air inlet 11. The operating method is the same as described in par. 3* 

The hypothetical engine may operate on either of these two limiting cycles! 

(1) Absolute separation of hot gas and fresh air within the cell 

(2) Complete mixture of hot gas and fresh air within the cell 

The operation with absolute separation is now to be described. The attainable 
energy can be produced by means of a turbine placed within the channel 8 (Fig. 7) or by a 
piston 12 installed within cell 6. (See Fig. 3.) For descriptive simplicity the piston 
instead of a turbine is assumed. This assumption is justified, because the thermodynamic 
action of a piston is fully equivalent to that of a turbine. The four partial processes 
are as follows: 

Partial Process 1 (Fig. 3) Valves 1 and 2 are open; valves 3 and 4 are closed. 
The piston moves írom position c to a; fresh air entering at 11 flows into cell 6; low- 
pressure hot gas is driven out of the cell through nozzle 10. 

Partial Process 2 (Fig. I;) Valves 1 and 2 close; valve 3 opens; and valve i; 
remains closed. The hypothetical piston 12 moves from position a to position b. The 
volume of fresh air decreases from V0 to V (Fig. J|, PV Diagrani); hot gas flows into the 
cell 6 through channel 8 and through the open valve 3. The pressure of fresh air in¬ 
creases adiabatic ally from P0 to P. The hot-gas pressure, on the side of the piston open 
to the combustion chamber, has the constant pressure P. The useful work of this partial 
process is equal to the area of the shaded triangle. (See Fig. J4. PV Diagram.) 

Partial Process 3 (Fig. 5) Valve J4 opens; valves 1 and 2 remain closed; valve 3 
remains opened. The piston moves from position b to position c, whereby the compressed 
fresh air is driven into the combustion chamber through channel 9 and opened valve I4.. 
Cell 6 is entirely filled with high-pressure hot gas. The only work required in this 
exchange process is that necessary to overcome gas-flow friction. In an ideal process 
no friction exists, so tneoretically, no work is done in transferring the compressed air 
from 6 to 7. In a real engine, the work necessary to overcome gas friction is supplied 
by inertia forces in the machine, which are built up from preceding cycles. 

It may be mentioned that in combustion chamber 7 the pressure suffered a decrease 
when some hot gas flowed out of the combustion chamber into cell 6, within partial process 
2. This decrease is small if the volume in the combustion chamber is large in comparison 
to the volume of the cell. The pressure decrease is compensated again by the compressed 
fresh air being conducted into the combustion chamber within partial process 3> because 
the volume of the air conducted into the combustion chamber after being heated, is equal 
to the volume of hot gas which flowed from combustion chamber / into cell 6 in partial 
processes 2 and 3* 

Partial Process 1; When the cell 6 is entirely filled with high-pressure hot gas 
(Fig. 6), valves 3 and 1+ close, valve 2 opens, and valve 1 remains closed. Piston 12 
remains motionless at position c. The hot gas flows out through the nozzle 10 and is able 
to do work by means of a piston, a turbine, or by jet reaction. This is an adiabatical^ 
process. The value of this work is equal to the area of the shaded triangle in the PV in - ^ un 

(Fig. 6). V" means the volume of the expanded hot gas. 
F-TR-2186-ND _ 3 __ 
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MBOyH — 

In the following, the process with complete mixture of hot gas and fresh air 
within cell 6 will be discussed. Partial processes 1 and 4 do not change, as a consequence 
of the mixture accomplished within the cell; therefore, it is only necessary to substitute 
partial processes ¿a and 3a for partial processes 2 and 3 respectively. 

Partial Process 2a. In the description of partial process 2, a mixture of hot gas 
and fresh air was avoided by means of the hypothetical piston 12. 

If the partial process 2a is accomplished by means of a turbine 13 placed within 
the channel S (Fig. 7), the same amount of energy can be attained as by means of a piston. 
The hot gas flowing through the turbine into the cell is expanded to the pressure within 
the cell. The pressure within the cell rises to the pressure within the combustion 
chamber. If fresh air and hot gas are together, unmixed, under the same pressure in a 
chamber, the pressure does not change as a result of a mixture of the gases. This is in 
agreement with the perfect gas law. Hence, the mixture of hot gas and fresh 
air does not change the working conditions (mass flow and mean-pressure ratio) of the gas 
turbine 13 placed within channel 8. 

Partial Process 3a- In the previously described partial process 3» the compressed 
fresh air was conducted into the combustion chamber while cell 6 was completely filled with 
high-pressure hot gas. In this process 3> with absolute separation of hot gas and fresh 
air, the volume of the compressed fresh air was only a small part of the cell volume. 
(See Fig. 5-) 

The mixture of hot gas and fresh air has a disadvantageous consequence upon the 
partial process 3a, because higher volume must be exchanged between the combustion 
chamber and the cell. It is necessary that the entire fresh air as well as the hot gas 
cooled by the mixing of the fresh air, be induced into the combustion chamber, because 
otherwise the temperature of the hot gas in the cells is essentially lower than the 
temperature of that in the combustion chamber. 

The comparison of both processes-with absolute separation and with complete mixture within 
the cell - has the following results! 

(1) The pressure ratio P/P0 is the same, because the cell temperature is the same. 
The relation between cell temperature Th and pressure P was explained in par. 3- 

(2) The energy produced in partial processes 2 and i; is the same. 

(3) The volume which must be exchanged in partial process 3 is essentially enlarged. 

Therefore, the ideal process shown in the PV Diagram (Fig. 8) is the same for absolute 
separation and for complete mixture in the cell, because no friction losses exist in the 
ideal process. The PV Diagram of Fig. 8 is, therefore, a larger-scale drawing of the 
combination of the PV Diagrams of Figs, k and 6. 

In the actual process, the complete mixture of hot gas and fresh air within the cell 
is a disadvantage; either the friction losses are increased, because the gas volume is 
increased, or mixed gas remains in the cell, lowering the gas temperature. This reduced 
temperature lowers the pressure ratio. Herein lies the most important difficulties of the 
first tests. (This is described in the short report RR-2of Mr. Schaefer, October I9Í46.) 

The following equation discloses the energy developed in partial processes 2 and 1*. 
The energy of one unit of weight of working substance ist 

F-TR-2186-ND 
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R “ gas constant 

k ’ cP/cv, rati0 of the specific heat of the air heated at constant pressure to 

constant volume. 

The introduced heat amount 1 for one weight unit of the working substance amounts to 

/ 0 , K-/ 

Cp • specific heat of the air at constant pressure. 

The thermal efficiency of the ideal process, ^ ^ 
, according to Fig. 6 has the valuei 

K 

S'aZS!" c“p”5si” 

because 

F-TR-2186-ND 
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With the actual process, two kinds of losses occur» 

(1) Frictional losses, which are not dependent upon the pressure in the combustion 
chamber. These losses are composed of the ventilation losses in partial processes 1 and 3, 
of the total friction ( air and bearing) of the rotor. The ratio of these energy losses 
to the attainable energy is designated by£ ’ f m F /P 

1 ^ '“fration loues /Ctot<U 
(2) Energy losses which occur with the transformation of the hot gases into mechanical 

iorce, in partial processes 2 and ip- The actual efficiency at the conversion of the energy 
of the hot gases into mechanical energy is designated by yj 

When these losses are considered, the result of attainable energy Ea» 

'«-¡wOr-Êj 
Correspondingly, the following equation is valid for the thermal efficiency: 

^therm = Or'O 

Uerm = D''£) 

K-l 

Th 

ratios JfcpmSS ãp» ‘T iS ^híSiíst18' p/r “r“ ™rt0“S press’“ P I T * thin straight lines going through the zero 

point represent the efficiency for L-Q 

assumed, oTfISI that t £ Tl ^ ^ g^rca11^ From test results it can be 

For that reason, the value of ( £ ) amount « +0 7 c<^ 4- 

i|/l, and to at a pressure ratio of 5/I. The strona qnHH 8 8 Pressure ratio of 

the thermal efficiency, with consideration oí the fricUon ^dtettilatift ? 
These curves are calculated with variable specific heat lation l0SSeS- 

b. 
Special Characteristics oí the lher»l-c«pression Ehgin, »ith Cell 

SeneraT relations between temperature oresqnrp off-; • 
explained in the preceding paragraphs. The special chárLteriXcs Perft™ce are 
rotor will now be described. The total process consists of ^ f n ® d6V1Ce With cel1 
of the described "Thermal Compression" process. The detailed^ro3"11031 Compression 311(1 
11 in the PV Diagram for a unit weight of the ¿ass flow ^ / » f" giVen “ Fig- 
this diagram are as follows: ’ Tde ^our Partl-al processes in 
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Partial Process - Scavenging 

The fresh air at point 1 of'the PV Diagram, Fig. 11, is compressed and 
simultaneously changed from zero velocity, to the velocity of the cell rotor. The 
total energy, imparted to the fresh air is represented by the diagonally and 
horizontally shaded areas between the points 1 - i¿, Fig. 11. 

This total energy is divided into» 

(1) The kinetic energy of the circumferential velocity of the fresh air in 
the rotor (horizontally shaded area between the points 3 and 1|) 

(2) The kinetic energy of the axial velocity in the rotor (diagonally shaded 
area between points 2 and 3) 

(3) The energy for increasing the static pressure of the fresh air from the 
initial condition 1 to condition 2 in the rotor during the scavenging period (diagonally 
shaded surfaces between points 1 and 2) 

At the end of the scavenging period, the fresh air is suddenly rammed by the 
rear wall of the housing S (Fig. 1). A compression shock wave travels against the 
direction of the scavenging velocity and calms the entire fresh air in the cell. The 
produced pressure P is, for low pressures, approximately» 

4P * § • Cax . W 

W ■ sound velocity 

* axial velocity 

Ç * mass density 

The condition of the air is represented in Fig. 11 by point 5» The area of the 
triangle 2, 5, 13 represents the energy which is necessary to bring the inflowing fresh 
air to condition 5. This area equals the diagonally shaded area, between the points 
2 and 3, which represents the kinetic energy of the axial velocity of the fresh air 
with condition 2. 

The displacement of the walls 7 and S (Fig. 1, Sections E-F and G-H) is so 
dimensioned that in normal operation of the engine,the shock wave reaches exactly the 
front end of the cell when +he cell is closed by the front wall 7* 

For the energy calculation, the following are to be considered» 

(1) A part of the fresh air flows, together with the rest of the hot air, out of 
the rear end of the rotor and does not participate in the other processes; this part can 
amount to about 20$ of the total fresh air. 

(2) The entropy of the fresh air is increased by the losses in the supercharging 
fan, by friction losses in the cell, and by losses caused by shock compression. 

The mass flow is proportional to the revolutions per minute, because the fresh 
air is delivered by means of a blower or by the rotor. Therefore, the conditions for the 
scavenging of the cells can be fulfilled at any speed. The compression by shock wave will 
be complete at a certain speed only. Complete compression at all speeds requires a 
variable-position control of the walls 7 and 8 (Fig. 1). 
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Partial Process - Pressure Equalization In the Cells 

■îhaHoH The !nfrgy atlainat)le 111 partial process 2 is represented by the diagonally 

m tor lr “e^h«™ül p,"'f 5’ 6 "<i 9' Ihls is «»»Uy t™mlUed to the 

.mclinon^ZÂtïïow“?'“8 ,lth a Cer“" (S°° 5-> 

Cu • average circumferential velocity of the gas 

u - circumferential velocity of the cells 

EL ‘ 0Snh «eti3r.^îeofgSsr hiU1,,e the Cel1 "lls the ^ 
g ■ acceleration of earth / .9 [ = ~ u> 

I The 101,1 cneoEÏ of thB eas based »» “he unit of weight is the kinetic energy 

C¿frriTtLl„“:tiCehetr3 SrrSei/^ " 

c- - E. 
t 

The turbine efficiency of the cell rotor 
the total energy |_ 

/n 
T amounts to the energy Ejj divided by 
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The efficiency of the partial process 2 dependent upon u/cu is presented in Fig. I3. 

If, for example, one takes» u - 820 ft/sec; cu * i960 ft/sec; the result is u/c„ - O.lilS- 
* O.65. 

The diagonally shaded area (Fig. 11) between the points 5, 6, and 9, multiplied by the 
turbine efficiency , must be equal to the shaded area between the points^l to h, 
increased by the losses in the scavenging process and by the friction losses of the rotor. 
This is the condition for the autorotation of the cell rotor. 

The flow conditions in the channels Ü» (Fig. 1) depend upon the revolutiorfeper minute. 
The reason for this is that the total weight per second of the hot gas flowinb 
through the channels 11» should be nearly proportional to the revolutioreper minute, while 
the pressure ratio between the combustion chamber and the cells is independent of the 
revolution;per minute. By using special precautions in building channels 14 satisfactory 
engine performance throughout the operating range may be obtained with stationary channels, 
without the necessity of changing the channel areas depending upon the speed. 

The described process of the pressure equalization was considered as a nearly static 
process. That means that the intensity of the compression waves which go out from channels 
li», and which run through the cells, is very slight. For that reason, the pressure 
differences in a cell are negligible. In consequence, there is no overlapping between 
partial processes 2 and 3. 

In special cases,such an overlapping is desired in order to support partial process 
3. The increase of intensity of the compression waves is obtained by special construction 
of the channels 14- The power concentration of an engine can be increased by such con¬ 
struction; however, it is difficult to obtain favorable operational conditions for every 
speed. 

Partial Process - Exchange 01' Hot Gas and Fresh Air 

In partial process 3, the compressed fresh air flows through the diffuser I5 
(lig. 1) into the combustion chamber, while the same volume of hot gas enters the cells 
in Sector III (Fig. 1) through the channels 14. The condition of the fresh air is 
changed from condition 6 to condition 7 by flowing through the diffuser. (See Fig. 11.) 
This results in a higher pressure in the combustion chamber than in the cells. The attain¬ 
able energy of this constant-pressure process is, in the ideal case, equal to the area 
between the points 6, 7, 8 and 9. In the actual process, this energy is very small and 
can in most cases be neglected. The reasons for this are the mixing of the fresh air and 
the hot gas in the cells, and the losses in the diffuser. 

The conditions for the exchange of the fresh air and the hot gas are equally 
attainable for any speed, because in sector III the gas flow in channels 14, Fig. 1, and 
the fresh air flow in channels 15(Fig. l) are caused by the blower-like effect of the 
rotor, so that the mass flow is proportional to the speed. 

Partial Process - Expansion 

The attainable energy in the expansion process is presented by the area of the 
triangle between points 9, 10 and 11. 

Two limiting cases of the expansion can be distinguished: 

(1) 'The expansion of the gas is produced in a certain part of the cells, e.g., 
in a throat at the end of the cells; in this case,the discharge velocity of the gas 
slowly decreases. At the beginnning of the expansion,the gas has a velocity corresponding 
to the pressure gradient between points 9 and 11 in Fig. 11. The velocity of the discharge 
orops to 0 and a remnant of the expanded hot gas remains in the cells. With this kind of 
expansion a special control of the wall 7, Fig. 1, dependent upon the revolutions per minute 
is not necessary. The circumferential size of the wall 7 is calculated for the maximum 
revolutions per minute and for the maximum pressure. A disadvantage of this expansion is 
that the velocity of the expanded gas is not constant, and that the initial values of the 
velocity are very high. A schematic configuration representing this case is shown in 
rig. 12a. 
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(2) The second limiting case is the expansion of the hot gas caused by expansion 

waves. These wavçs move through the gas in the cells with the velocity of soundj this 
causes a more uniform velocity of the largest part of the gas in the cells (this velocity 
is essentially smaller than the top velocity which the gas reaches with the first type of 
expansion,; and, finally, almost no motionless hot gas remains in the cell. A schematic 
configuration representing this case is shown in Fig. 12b. 

The main difficulties of expansion by expansion waves are the followings 

,, The velocity of the expansion waves depends upon the gas temperature in the 
s, and is independent of the speed. Therefore, a control of the timing for the wall 

-.--- varyljl2 speeds, in order to adhere to the best operational conditions 

less thi2LThoefVttCíty °f íweSh dUrlng the scaven^Ê procedure is essentially 
on thp mni • + tv, gaS ^ ceJ-ls* As 3 resulti a second exoansion wave reflects 
accelerates Se beglm^g °f íhe SC3veng“g Period. This delays the hot air and 
accelerates the fresh air. This combination between the expansion process and the 

difaIiSerLCMSíartobthUtÍ1ÍZed ÍLlÍ,lAnatÍng the SCaTCng-g ^ ^3 caSes several 
2 and í SnenS Í described in the process of combination of partial processes 

rithto a SgäTSs!1 0rder *“ °btain faWrabli! 

actual Cases 0f the ^P3"33011 cannot be carried out in practice. The 

“X t/°"of the ^ oa5es-The tn,e cMsen dep'nds 

jet reaction ’S S’ÎSS' SXP“3Tcan be use<l >s s»ppl«entar, tnrust by 

äfaSrio“ bfpZ r* f * ¿ 
K-L). .s a result, the turbine SefSofexSed w! 'pS'^t^1”“ S? "d 
useful if the turbine runs independently from the rotor. In this case the toroue1 /th 
turbine can increase to twice the vain? of iho • t? 1 case, the of the 
turbine is slowed down by exteroal SluLces! ^ 0peratÍOn> if the 

Blade-Clearance Losses 

pressureVttaSLTpSre“ ttis'caSseSgaftftLTÔ ÍVS ''’S 1S hieh8r tha” tte 
the housing, causing a decrease of the Ltuel pros S „ 0^1^ 6S °f ^ 
pressure P = P0 T/To. P sure m contrast to the calculated 

This decrease is designated as p, 

^ P = P A • 

G represents the required weight of air per second and AÛ +v, i 
second through the gap. 5 ^oss weight per 

V The exact evaluation of all unsteady flow processes for 
earned out by R. Kassner, mainly using the method of S, first model RR-2 has been 

German Report I675. 
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A rough estimation of the gap losses is possible by the equation: 

& G/G - Fs/Fc . v/u 

Fg ■ area of the gap between housing and rotor 

Fc ■ area of the cell wall 

V » velocity of the gas in the gap 

u - circumferential velocity of the center of the cell walls 

In making this estimation, neither variations of the density of the gas nor 
contraction of the flow in the gap is taken into consideration. 

The gap area may amount to about 1% of the area of the cell wall. When the 
velocity in the gap is from three to four times as great as the circumferential velocity 
of the cell walls, the value of £ G/G lies under 1$. The radial gap losses are about 
the same. 

In this calculation, no gap losses were assumed against the direction of rotation 
of the rotor, because the gas flowing out in this direction through the cells is conveyed 
back again into the pressure range without decreasing the fresh air filling of the cells, 
ihis return transport requires a definite energy, the calculation of which is not being 
made here. 5 

Heat Transfer Losses 

A heat exchange occurs between the cell rotor and the hot gas or fresh air within 
the cells. Therefore, the temperature of the hot gas in the partial processes 2 and 3 
decreases; the temperature of the fresh air in partial process 1 increases. This results 
in a decrease of the attainable pressure ratio. The time interval of each partial process 
is so slight that the heat transfer is small. The increase or decrease of the temperature 
amounts to about 20°F. 

c. Comparison with Known Processes 

Constant-Pressure Combustion Process 

, , . 9> the efficiency curves of a normal constant-pressure combustion-gas 
turbine, with pressure ratios 3, 4 and 5, and gas temperatures in the combustion chamber 
ranging between lij.50 and 1650°F are drawn in dotted lines. The compressor and the turbine 
eiliciency are assumed to be equal. This efficiency is termed 'Yjj. 

From the shape of the curves, one can recognize the difference between the 
described process and the normal constant-pressure gas turbine. With the normal constant- 
pressure turbine, the required power for the compressor must be delivered from the turbine. 
The useful output is, therefore, the difference between the turbine power and the compressor 
power. The total efficiency and the useful output are greatly influenced by the efficiency 
of the turbine and the compressor. As a result, the decrease of the total efficiency is 
very great if the compressor and the turbine efficiency decrease slightly. (See Fig. 9.) 

In contrast to this, the useful output and the total efficiency of the thermal 
compression process is a product of the ideal values, with the factor ( ¿ ). The 
course of the over-all thermal efficiency curve of the thermal compression process, dependent 
on the turbine efficiency, 'V , is considerably flatter than in a normal constant- 
pressure turbine. If, for example, a pressure ratio of 5:1 and a turbine efficiency *Jr 
- 0.7 is assumed, then the total efficiency, including all friction losses, amounts to 2J,%. 
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at the same pressure^atio^ith"^63^1'6 turbine would reach this thermal efficiency 
-y loss in fhe combustion ctll ^ ^ ^ and Sût 

In comparing the tiro processes, two points must be considered: 

result that the average values^138^0" ^ the th®r®al_expression process leads to the 
thermal cocpression eye'e due tn + a"10™1 to /0% or less. The turbine in the 
of the cell rotor, alíays’oSratesmith fvPrerr! f1^tuatlons eaused by the rotation 
of a turbine with vaiyinr inlet ore =,, h a.VaryinS 111161 Pressure. The thermal efficiency 

pres sure mariesmetweenm^aiid 75S, arera®eSe^1eiency ofWarturbinemithm^iabie°inletUr^e 

normal' TZTls~,?Z 

justified, because thePteiaperaiurehofttheProrreS l>aSed °n tllese differont temperatures is 
one half „f gas temper’tureT«» Í resul™ „ »fine is atout 
internal cooling. Partial admission and owing to the 

Constant-Volume Combustion Process 

The constant-volume process consists of three partial process.,, 

1. Scavenging 

2. Constant-volume heating 

3- ¿xpansion 

the thermal compression process^Su^PrST " ““t“? S!" “ ‘hose descril>eii in 
to the t.„ prooesses p Md 3 of the “™SJ<>”d5 

The ideal^ Constant-Volume Process ha«, +h0 

forntheCtteSdl 33 ^ TOlUme Weight> before andP2teí thfürt^^ ^ W°rking substance 
exLÎ h\ compression described in par. ? For thft heatlfg- same holds true 
xasts between pressure and temperature for both nro ^ ^S°n the Same connection 

the characteristic that the effective power +Sf ^^rthe^, Pr°cesses have 
by multiplication of-the ideal values ïith ( tth efflciency are obtained directly 
O.SS.S conoern ths following t»„“2tS ( l*'1 1 ^ W‘™ces in the t»o p"l 

t^aîriV”6“ ^ “ the cells- td« Particles 
eigh is constant before and after the heating. a r 111 the same cell, so that 

partial processes 2 and 3 (see'par^n’akes^i ^ e?Change Proces. consisting of the 

tPhT5f\,“ïer the PfoS.r h ï gh “''th^lr °f the ‘“«»te-hMtin ' 
that of the fresh air, as with the constmt „fV„ “ “ d * 8as m tlle cell is the saM as 

Äii tt “,of hpt g“ ^ • «--“s ä: s: ~ 

SfÆïsSS 
va ues of the constant-volume process when toih are baseJ'uponttísa^pe'rstnreT"““8 

the tjpes rttí 3tr:t1o„S^1:f,tiraf:ith\“Xr".nsr!S’ “ the 0”st™rtd” ««Us for 
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Pressure Exchanger 

The pressure exchanger is a device in which two gases of different initial pressure 
are brought into inmediate contact. The gas with high initial pressure expands in the 
pressure exchanger and compresses the gas with low initial pressure. Two types of the 
pressure exchanger can be distinguished. One type works with static pressure exchange, the 
other with dynamic exchange by means of compression shock waves and expansion waves. 

The pressure exchanger achieves the expansion and the compression process of two gases 
in one engine. It yields the same effect as a machine group consisting of compressor and 
turbine (Fig. 10). The thermodynamic process in the pressure exchanger is a normal constant- 
pressure process. 

The difference between the pressure-exchanger process and the described procedure is 
as follows: The hot gas that has entered the pressure exchanger is fully expanded to the 
same pressure as the entering fresh air. The weight flow of the hot gas entering the 
pressure exchanger is less than the weight flow of the fresh air, since the pressures of 
hot gas and fresh air are equal on the high-pressure and the low-pressure sides. The 
excess compressed gas is led into a special turbine which produces the useful power output. 
The pressure ratio is, therefore, determined not only by the temperature, in contrast to 
the thermal compression process, but also depends upon the losses in the pressure exchanger 
and upon the ratio of the weight of hot gas, flowing through the pressure exchanger, to the 
total mass flow. (See report by Dr. Hussman.) 

The pressure exchanger and the thermal-compression engine are similar in construction 
details, especially in the cell rotor. In both engines the hot gases and fresh air 
alternately pass the rotor, so that an extremely high temperature can be permitted for the 
hot gas. 

The entire thermodynamic process of an engine with rotating cells was presented as a 
cycle process in the PV Diagram. This presentation gives an easily conceivable picture 
of the details. An explicit expression for the total efficiency was not given. Furthermore, 
it was not intended in this report to give detailed evaluations of the aforementioned un¬ 
steady processes. 

5. Test Data Already Obtained 

The tests were carried out with a small engine, having an air mass flow which amounted 
to l.it kg/sec at full rpm. The turbine was rigidly coupled with the rotor, in contrast 
to the more recently recommended construction, shown in Fig. 1, of a turbine independent of 
the cell rotor. 

The device was tested on the test stand with an electric dynamometer. The gas velocity,, 
pressure, and temperatures at various spots were measured. The exact details can be found 
in a special unpublished report (RR-2, dated I5 Dec 19¿|6, given to Lt. Dickey and Commander 
Miller of the Ü. S. Navy by the author of this report in early part of 19)4.7 in Berlin). 1/ In 
the following, only a qualitative overlook about the run of the tests, the main difficulties, 
and the most important results are given. The testing of the engine began in April, I9I46. 
The construction, according to that early design, did not give satisfactory results. 

The maximum pressure ratio attained amounted to 2.14 at a combustion-chamber temperature 
of 2200°F. The engine was able to drive itself; the effective output was practically zero; 
the scavenging was not sufficient to remove all the hot-air remnants from the cells. 

The evaluation of the test results showed that the insufficient working of the unit was 
the result of unforeseen occurrences in the partial processes 2 and 3» These occurrences 
had the effect that only a small part of the compressed fresh air flowed out of the combustion 
chamber, and that the energy attained in partial process 2 was considerably under the cal¬ 
culated values. Because of these results, various alterations, which were to be tested 
independently of each other were made on the unit. 

¿7 See Supplement A - AEL Translation 36 
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The revolution per minute for these tests were limited to 6000, that is, about of 

the provided maximum revolution per minute, because of a deficient welding of the cell walls 
td the rotor. 

In the following test program, the engines were permitted to run with the most effective 
alterations at various revolution per minute and various load conditions. Finally, whether the 
cell rotor could run without support of the turbine was to be tested. For this purpose the 
turbine was to be separated from the cell rotor. 

Even the first tests with the altered unit showed essential improvements with regard to 
performance, to attained pressure ratio, and to efficiency. The attained pressure ratio 
amounted to about 3> the effective power to 16 hp. Individual details of this test run 
were reported by Mr. Schaefer in October, 19^6. It must be considered here that the 
average circumferential velocity of the turbine, of 3J0 ft/sec, is insufficient for a pres¬ 
sure ratio of 3, and that the blades were admitted in an unsatisfactory manner. 

The test program originally planned could not be carried out because the tests had to 
be stopped suddenly at the end of September, 1946. The engines had to be delivered by 1 
October, without consideration of their condition and of the status of the tests. Because 
of the time shortage, it was impossible to bring the engines to the status of the last tests. 

At the end of the last tests, the engine with the turbine removed was investigated. It 
was found that the cell rotor was able to run alone with a small excess performance ( about 
3 hp). 

Herewith, conditions were fulfilled for a unit with a turbine running independently of 
the cell rotor■ It can be assumed, in evaluation of the test results, that essentially 
improved performance and efficiency can be attained by such an arrangement. There were 
further important hints for improvement in other parts of the unit, but it was impossible to 
carry them out. 

Extensive tests are required tn permit an accurate judgment of the principle. As the 
described test results are not sufficiently broad. However, these test results can be 
considered to be favorable for the new constructions, because they at least represent the 
initial operation of a thermal-compressor engine. 

6. Construction Details 

a. The Cell Rotor 

The exterior form of the cell rotor may vary according to its scope. For units with 
small exterior dimensions in respect to their performance, cell rotors with axial flow are 
best suited. For manufacturing reasons, constructions having cells parallel to the axis are 
preferred. 

The average temperature of the rotor is essentially lower than the temperature of 
the hot gas in the cells, because of the effective inner cooling by fresh air. As a rough 
approximation, it can be said that the temperature of the rotor lies halfway between the 
temperature of the scavenging air and that of the hot gas in the cells. 

The ratio of the inner diameter to the outer diameter generally lies over 0.5, 

Thus, with cell walls having constant wall thickness, the following equation is valid for 
the tension ( S)i 

§•4 •0,75 
circumferential velocity of the cells 

density of the material of the rotor 
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According to past project calculations, the circumferential rotor vëlocity of high- 

performance units does not go above the value of 820 ft/sec. This limit is approximately 
determined by the fact that the friction losses are proportional to the cube of the cir¬ 
cumferential velocity, while the effective power at constant combustion-chamber pressure 
is directly proportional to the revolutionsper minute. The stress caused by the centrifu¬ 
gal forces in the cell walls, at a circumferential velocity of £20 ft/sec, amounts to about 
25,UOO psi. This makes it possible to design cell rotors, which are easy to manufacture 
from sheet metal. The expected weight G of such rotors amounts to 0.09^ d? 

t ‘ 

specific weight of the material of the cell rotor 

ratio of the length of the rotor to the diameter 

cIq ■ outer diameter of the rotor 

b. Bearings 

The bearings of the cell rotor are under comparatively small load, because 

(1) no axial forces ( or only very small forces) occur 

(2) the weight and the revolutionsper minute of a rotor are less than the corres¬ 
ponding values of a compressor-turbine rotor. 

The bearings are generally built into the walls 7 and 8( Fig. 1.) Here it must 
be noted that the heat transfer on these walls is very high, and that special measures must 
be taken to cool the walls or the bearings. 

c. The Combustion Chamber 

For test engines, the combustion chamber has been mounted eccentrically in regard 
to rotor shaft. For test purposes, this design has the advantage of a simple disassembly, 
and offers the possibility of alterations on the combustion chamber without removing the 
other components of the engine. ïhis kind of combustion-chamber mounting is very suitable 
in fields of application for which position and shape of combustion chamber has to be fitted 
for special installation conditions. For engines not submitted to special limitations in 
regard to their outer diameter, annular combustion chambers may be used. 

It is especially noted that the temperature of the gas in the combustion chamber for 
attaining the desired pressure of about 4:1 or 5:1, lies between 2200° and 2750°F. For that 
reason, special precautions must be taken for protecting the combustion-chamber walls and the 
nozzle channels 14, (Fig. 1). 

As the vanes in the channels are very thick in comparison to their width, a high 
heat transfer takes place from the vanes to the housing. This makes sufficient cooling of 
the vanes possible without a special cooling arrangement. 

Various types of the cell rotor with radial and with partial radial gas flow 
should be discussed in greater detail, as well as devices of channels II4 and I5, with 
axial or part-axial flow. It appears, however, that such devices are less practical for 
aircraft application. 

Further design details will not be mentioned, because they depend upon special 
application of the engine. For their discussion, project drawings are required. 

7. Applicability for Aircraft 

The described process of thermal compression was mainly provided for the construction 
of turbines of medium and small performance. The following two viewpoints were predominant. 
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a" :r;— ^ ^ ^ 

b. Efficiency of the Engine 

With a small turbiné ôí norZV^ ^ With about the square"of î n°rmal g3S türbine- 
efficiency of 20^ without he^t “ is Poetically i^possibL îo rCplrC,Umferenti^ speed. 

T:™?stsrf™ ^ ^ liSrtziT 
f0r considering the themal co.presslo„ 

<D »o characteristics cf the engine at high altithdes 

2 ice .Sight Cf the engine in relation to its perr„r„a„ce 

j 0t the *» «1*«» «0 its performance 

gas turbines! ^6^3^°8 °f the engine ^ high altitudes 
The pressure ÄSes^ ^ pro-Dort^al to the ^cÄ ^ those °f “onaal 

as a result of the deerp^ *8 u constant combustion-chamhe/t “ ght of the intake 
to the equation ^336 01 the aba°iute tenperat^ w th^Tf^ 3t hlgh altitude, 

o 1 the intake ain, corresponding 

P " P0 T/To 

altitudeïdto^Ke“!?^33,10" ®n^e is less sensitive to an • 

than are conventional turbo^eS! °f brenkdown, and loTc^pissofefSnc^ 

sl—sSiSESS ^ 
of such engines, equiDpec} wi+h^h3 °f ^16 rot°r was assumed The °r thf scavenging air of 
-eight Of gas t^bSi^J^írí"”6131 rotor^ ó about equal £^3^ ffelght 
cell rotor is about irví + 1 COInPressors, of equal nPrfn * r lower than the 
equal mass fio». The ratio 5 aT11"/!““ ttot of a ””il oe“St f" dl™tor of the 

thermal comprsasioh Ohfines'aÄts'to^ÄX ^ ^ ^-Sf.iTíígh-spe^ 

location^of^he^combustionChamber rtlí5?''”Eln8s f”r dreraft ia j 
-'tch lies outside of the cSl"£ 10 'aocc, the 

*- * -111 11"12?0*1 fit Vi * 

cuttSíatrnC m «SicnftotS: fh “i' I” Straft Test 
development PcssibiliíIsT^ÍÍf'llltctrations first of aï 2™?™“ 
extensive research. 1 the accnrate layout will nít be £Ss£gVe a.Picture of 

e until after more 

«ca level. The turbine rZ^nSí^f Ítllït^^ ato"t » »P static 
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The following assumptions are basic for the designt 

mass flow 10.5 lb/sec 

velocity of the scavenging air I4OO ft/sec 

circumferential velocity of the cells 720 ft/sec 

revolutions per minute of the rotor 11,000 

revolutions per minute of the turbine 15,000 

revolutions per minute of the prop shaft I6OO 

length of the cell rotor 7*8 in. 

outer diameter of the cell rotor I5.6 in. 

inner diameter of the cell rotor 9 in. 

Section for scavenging equals 30^ of the front area of the cell rotor. 

Calculated weight of the engine, including the gear of the propeller, 500 lb. 

In Fig. 15 the installation of the engine in a fuselage is shown; in Fig. 16 the 
installation is shown in a wing. In both cases the installation should be so arranged 
that the scavenging section lies outside the fuselage or the wing. 

In Fig. I? the cross section, and in Fig. IS the length section of a turbojet 
engine is shown. This engine is calculated for a static thrust of 3000 lb. The following 
assumptions are basic for the design» 

mass flow 55 lb/sec 

velocity of the scavenging air 530 ft/sec 

circumferential velocity of the cells 850 ft/sec 

revolutiore per minute of the cell rotor 75OO 

langth of the rotor I5.6 in. 

outer diameter of the cell rotor 26 in. 

inner • diameter of the cell rotor 14 in. 

calculated weight of the engine, about 1000 lb 

Section for scavenging equals about 1+0¼ of the front area of the cell rotor. 

The engine for this purpose is especially simple, because the turbine can be 
eliminated. The axial scavenging blower is not altogether necessary,although it was 
provided in the design, as shown in Fig. 18, for the special purpose of enlarging the 
capacity of the engine. 

The installation of the engine is shown in Fig. 18. It should be similar to 
the installation of the propeller turbine, as shown in Figs. I5 and 16. The gear box 
and the combustion chamber are installed in the wing or in the fuselage, while the 
scavenging sector of the engine lies outside the airframe. The scavenging section 
extends almost halfway over the circumference of the rotor (see Fig. 17). The ex¬ 
pansion is provided in a large part by means of expansion waves. 
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In Figs. 17 and 1Ä, it may be seen that the installation of the combustion chamber 

and of the gear box on the inside of the airframe is very important for judging the 
suitability of the engine. The combustion chamber and the gear box of the described 
project has a height of 1.1 ft, a length of 4.2 ft, and a front area of 4.6 sq ft. The 
frontal area on the outside of the airframe has a value of about 2.5 sq ft. The thrust 
per frontal area with regard to the outside of the airframe has the value of 1200 Ib/sq ft. 
If the installation of the combustion chamber and of the gear box on the inside of the 
airframe is impossible, the ratio of the thrust to the frontal area is very unfavorable. 
This value would amount to 420 Ib/sq ft. 

c. Afterburning 

The afterburning can be carried out in a way sisilar to that with normal Jets. 
It seems advisable to inject the fuel for the afterburning into the cell rotor at definite 
places in the housing, but extensive tests are required for the evaluating of this process. 
The thermal compression jet engine is well suited for driving a ducted fan if a turbine with 
partial gas admission is added. The comparatively low speed of the partial gas admission tur¬ 
bine is favorable for a direct drive of the ducted fan. Due to the low speed of the turbine, 
the mass flow through the ducted fan can be much greater than the mass flow through the 
turbine. The fresh air for the high-pressure cycle can be taken now from the compressed 
air behind the ducted fan. Finally, all considerations of the well-known ducted-fan engines 
can be transferred to this suggested engine type. 

Other fields of application for aircraft could bes small turbines - for starting 
engines, for driving accessories, electrical generators, etc. A possibility of applying 
the principle exists in the field of exhaust turbosuperchargers. The advantages would be 
independent pressure ratio of the revolutions per minute and comparatively low revolutions 
per minute. But it has not been ascertained whether the separation of the fresh air and 
the hot gas is possible. Special measures have been proposed, but until now they could 
not be tested. 

8. Test Engine and Test Program 

lo supplement the tests already made, suggestions are provided for a new test engine, 
¿°LÎhe testJ;nstallation> and for a test program. The design of the engine is based upon 
previously obtained knowxedge. The layout should be made exclusively for the purpose of 
testing and measuring the partial processes. The size of the cell rotor must be suitable 
lor efficient installation of the measuring equipment. A suitable diameter of the cell 
rotor is about 16 in. The ratio of tne diameter to the length should be about l.g and the 
ratio of the inner diameter to the outer diameter should be about 0.6. These values are 
an average of the values of individual types for various application. The results of 
measurement so obtained can be applied to other conditions by recalculation. 

Important requirements for the design of the test engine are! 

(1) simple disassembly 

(2) easy accessibility to the measuring spots 

(3) possibility of varying the shape and position of the channels, 14 and IS Fiv 1 
and the possibility of timing the walls, 7 and g,Fig. 1. > and 15,Fig. 1, 

It would be best to equip the walls 7 and 8 with adjustable partial walls. By adjusting 
these partia! walls, the overlapping of the partial processes can be investigated! The 
unsteady-flow process may be influenced by adjustment of the partial walls. 

r,s:a 
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Ih order to obtain a good adaptability of the test engine to all operational 

conditions which are possible with the various application purposes, the test engine 
may be built without a turbine. The scavenging air is supplied to the engine by a 
separately driven scavenger blower. The condition and the mass flow of the fresh air 
must be controllable before it enters the cell rotor. The condition of the hot gas in 
the jet and in the scavenging sector is also measured. 

Figure 19 shows the recommended test arrangement. A separately driven supercharging 
fan 1 supplies the fresh air in definite amount and pressure to the test engine. The 
test engine consists of cell rotor 2, housing 6, and combustion chamber J. The hot air 
either flows out freely or through a duct from the test stand. The rotor is coupled with 
an electric dynamometer. lhe dynamometer brakes or drives the rotor in a measurable way. 

The tests should treat the following points» 

(1) determination of the produced or absorbed power of the cell rotor dependent upon 
the revolutions per minute and the gas temperature 

(2) determination of the kinetic energy and of the condition of the hot gas in the jet 

(3) determination of the mass flow of the scavenging air and of the excess scavenging 
air dependent upon the revolutions per minute and the temperature 

(1+) determination of the total efficiency and of the individual losses in the four 
partial processes dependent upon the revolutions per minute and the gas temperature 

(5) determination of the pressure ratio, dependent upon the gas temperature in the 
combustion chamber and in the cells, and upon the revolutions per minute 

(6) investigation as to how far the procedures in the individual partial processes 
correspond to the precalculations; and as to which influence is possible by the 
variation of channels H; and 15 and of walls ? and S, as shown in Fig. 1 

(7) investigation of the unsteady flow in the cells 

(8) investigation of the procedures in the transition from the one partial process 
to the other 

(9) investigation of the best overlapping of the individual partial processes 

(10) investigation of starting behavior 

(11) investigation of the influence of the outside conditions 

(12) investigations of the influence of the number of cells in the cell rotor 

The required measuring devices and the location of the measuring instruments for these 
investigations will not be discussed in this report. They may be obtained from a special 
report about the test of engine RR-2. 

Later tests, which are not in the range of this test program, may be concerned with 
variations of the dimensions of the cell rotors and with the different shapes of the cell 
rotor. 

A judgment of the utilization of the principle of the various fields of application 
can be made according to the first test program, because an approximate conversion of the 
obtained results is possible for other dimensions of the rotor. 
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Fig. 2 - Cell Rotor 

Fig. 3 - Partial Process 1 
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Fig. 4 - Partial Process 2 
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5. Fuel nozzle 
6. Stationary cell 

7. Combustion chamber 

cLT1 f°+r h0t from combustion 

aÎÛrFÏg I)*““0”81'7 CeU (Sa"« 

9. Channel for compressed fresh air 

i&it nrîruon cha"b- 
10. Outlet nozzle 
11* Inlet channel 
13. Turbine 

Fig. 7 - Device with Stationary Cell 
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Pressure ratios 3, 4 and 5* 

-— process with thermal compression 

- process with thermal compression without circumferential friction 

- normal constant-pressure cycle 

Fig. 9 - Thermal Efficiency Dependent on ^ 
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Fig. 11 - The Total Process of the ,Uh Cell ^ ^ ^ 
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Fig. 12a - First Limiting Case of Expansion 

Inside S Ktlo^j of^^a^Vf ^ 2* 
the waves is low. g d the intensity of 

1. Cell 
2. Head of expansion wave 
3. End of expansion wave 

Fig- 12b - Second Limiting Case of Expansion 

The expansion takes 
through the cell with 
arrow. 

place by means of expansion waves, moving 
sound velocity in the direction of the g 
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u = circumferential velocity of the cel] rotor 
cu = circumferential velocity of the hot gas 

Fig. 13 - Turbine Efficiency of the Cel] Rotor 3 in 
the Partial Process 2 Dependent on u/cu 
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1. Housing 
2. Cel] rotor 
3. Turbine 
4. Gear 
5. Propeller shaft 
6. Combustion chamber 

Fig. 14 - Engine Used as a Propeller Turbine 

1-¾ • . ll,\. 

s§K.:;. ' 

'■'F' 

«M», «MM« ^ 

Fig- 15 - Example for the Installation of the Engine in a Fuselage 
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SUPPLEMENT A 

The presented report is supplemented by two further reports translated 
by the Aeronautical Engine Laboratories, Naval Air Experimental Station, 
Naval Air Materiel Center Philadelphia*. 

(a) Report on the Development of a New Heat Energy Principle 
and Gas Turbine Processes with Pressure Produced by Heating of the Work¬ 
ing Medium. AEL Translation 15. 

(b) The Heinkel-Hirth RR 2 (Tuttlingen) Gas Turbine Engine, 
Using Thermal Compression. (Report by Heinkel-Hirth, Stuttgart-Zuffenhausen, 
December 1946). AEL Translation 56. 

Reports AEL 15 and AEL 56 were not available in their English trans¬ 
lation until approximately 4 months after completion if the main portion of 
i-TR-2186-ND. Hov/ever, Dr, H. J. Pabst von Chain consulted German text of 
these above referenced reports during the preparation of the main report. 
Several important theoretical problems vital to the thermal compression 
engine were not treated in these two Navy reports. 

The original of AEL 15 was given to the Navy in October 1945, at 
Stuttgart, Germany. It discloses the general course of development in 
the field of thermal compression by H. Wolff, along with a brief theoreti¬ 
cal description of the principle. 

After receiving AEL 15, the U.S. Navy ordered the construction of some 
test engines by Heinkel-Hirth at Stuttgart-Zuffenhausen. The test results 
are given in the AEL 56. The theoretical analysis of the processes which 
are necessary for the evaluation of the test results also are included in 
AEL 56. 

Important theoretical and engineering problems are investigated more 
completely in the T-2 Report, F-TR-21S6-ND, than in the two Navy reports 
AEL 15 and AEL 56. F-TR~2186-ND is especially concerned with the following: 

Unsteady flow processes 

Comparison with the pressure exchanger 

Application for aircraft 

Suggestions for new test engines and test program 

More detailed description of the method of 
operation 

F-TR-2186-ND, in one volume, analyzes the problems cited above; 
establishes a technical history to September 1947, and presents a 
utilization program for the thermal compression engine. 
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