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FOREWORD 

This report was prepared by Nord Aviation, France under 
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AF 6l(052)-750 Docember 1965 

EXPERIMBMTAL AND DBSJC.n STUDIES 

FOR TURBO-RAJOET COKBIHATION ENG INS 

Vol\une 4 - CALCULATED RESULTS 

-I- 

SUMMARY 

In this docuasnt, ve hava produced the calculation results 

concerning suocesslwly t 

- In Vol.4 Jtthe paraastrlc Investigation of the engine optimum 

operating point, that pemito one to determine the performance 

characterietios of the power plant, and the laws of regulation 

of the internal variable oroes-eectiOD areas (flow mixer, exit 

noaele throat)  | 

- in Vol. 4.«?,thK charaoterletics of the internal flow t speeds, 

temperatures, preaeuree, and flow rate ratloe in the different 

station«. 
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FINAL REPORT 

EXPERIMEOTAL AND DESIfflf STUDIES 

FOR TURBO-RAMJET COMBINATiOH EMCINE 

VOLUME 4-1 - PARAMETRIC CALCULATIONS 

OF PBRPORMAKCE CHARACTERISTICS 

NORJ^VJATION 

DEPARTEMarr «PROPIILSBURS • 

PARIS (CHATILLOH) FRANCE 

Tbi raMaroh xvportad In this docuaent ha« bwm sponsored by th« 

AERONAUTICAL SYSTEMS DIVISION, AFSC, through tha European Office ot 

Aeroapao» Reaearoh , United Statee Air Force. 



Vol. 4-1 - 2 - 

SUMMARY 

In this document va have calculated the perfonaance 

charaotarlatios of the coabination engine In the three configura- 

tions i purs turbofan (subsonic and transonic), turbofan-ramjet 

ooablnation (moderate supersonic) and yure ramjet (high supersonic 

ratinff). 

The determination of the opt rating points led us to 

perform a parametric study, then to choose the simplest laws of 

regulation among those yielding performance oharaoteristlcs close 

to the optimum. 
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• i Indioat«s prlaary flow paraa>t«r* 

" t IndicatM annular flow pareuastam 

R t Ramjet duct flow 

T t Turbofan total flow or turbofan aa a whole 

F > Turbofan seoondary flow 

0 t Refers to paiBoetars at upetream infinite 

Rua^rical aubaorlpta refar to various stations aa shown in the 

diagram below 

®(3)   (4)        © 
luo 

Pilot burner 

A I Croso-eectional area 

P t Total prsaaura 

p t Static preasurs 

T i Total tenparatura 

M t Nach number 

Z > Altitude 

P.. i Net thrust 

■A. 
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X t laentropic coeffloisnt 

or t Ay^A-j 
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1 - INTBOPUCTIQM 

In this report wo bars suooassiwly investigated the following 

operation cases t 

- as a pure turbofan 

- at the turbofan oazinum rating, with or without reheat 

- at various reduced ratings of the turbofan, without reheat j 

- as a turbofan-raajet combination, for two ooabustlon temperatures, 

at the mnxlmum rating j 

- as a pure ramjet, at four combustion temperaturea, with the turbo- 

fan stopped. 

The basic sectional areas of the engine have been stated in 

Vol.3.1 - TÜRB0FAM DATA (para.2) and Vol.3.2 - GENERAL DATA (para.8). 

In these volumes have also been collected all the thennodynamlc data 

and the partial efficiencies necessary for the calculations. Let the 

major dimensions be recalled hereunder t 

AT1 - 7.1 sq.ft 

Ap   -2.1 sq.ft 

A"5 - 3.6 sq.ft 

Ä"4 - 7.5 sq.ft 

A'- » 4.0 sq.ft 

tu   ■ 1?.6 sq.ft 

2 - PURE TURBOFAN OPERATIOH 

2-1 Turbofan at mMtlama rating 

Thormodynamic character latlos were e applied to us by 

SHECMA undsr the form of graph ayatems, for various values of 

temperaturs T1 ranging from 468 0R (260 0K) to 990 »R (550 0K). 

This enabled us to calculate, for each given altitude, the per- 

formanoa characteristics relating to several Nach numbers. We 

chose the following calculation   points : 

format 
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•  • •/   •  • 



Vol.4-1 - M - 

for Z - 0 

for Z - 10,000 ft 

for Z - 20,000 ft 

for Z - 36,000 ft 

> N   . o 
o 

«Ho 0.61 

0.48 

1 

0.79 

1.02 

0.89 

1.285 

1.33 

1.51 

1.50 

1.82 

For each point (M0, Z) the calculation waa oarried out 

without, and with rshaat (Tg - 2,700 0R and 5»600 0R). 

For M0 < 1.3 th» perforaanca charactanatlcs were calcu- 

lated with the aiaple-convergent configuration t for M0  >   1.3 

they were calculated w<ch a convergent-divergent noztle whoae 

coefficient waa    ^f ■ 0.98. 
T.n each caae (with M0, Z and Tg being fixed)the perfor- 

mmce characteriatica depend on parameter    Tflg   , which permlta 

to choose the operating point. In fact, as the sectional area 

of throat A« depends on   TTlj , tl'te choice in question ia to be 

effected by control of that area in terms of one or two para- 

msters which remain to be determined. 

The calculation results are illustrated in Fig.1  to 36, 

in which we have plotted 

- tba thrust coefficient, Cjl (except for sea level static 

condition, in which case we have plotted P^) 

- the specific fuel oonsumption, SPC 

- the sectional area of the atreain tube at upstream infinite, AQ 

- the area of the exit threat section, A 

- the Mach number at the end of the diffuser, M" 

- the Mach number at the primary exit of the turbofan, M'^ 

in terms of parameter Ify and temperature T    . 
8 

After examination of these curves it can be noticed that, 

in moet cases, the thrust ahows a maximum, while the specific 

oonaumption decreases in terms of We . Therefore the optimum 

operating point must be close to the point of maximum thrust, 

but with a slightly higher value for TOf so as to reduce the 

specific consumption. 
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For each point (NorZ) tha conditions  H(  > ^l/^^s 

and 0*95 Faiax<P < Pmax daflne ^ operating range, therefore 

two extreme limits for the oroas-sectional area of the exit 

throat, A , We thus determined, In plane JL (r ), a zone in 

which we looked for a regulation law A   (r.) valid »t any Mach 

number and altitude.  It appears that i 

- the zone In queatlon depends only on temperature T. 

- it lo not possible to find a single curve Independent of T. 

and meeting at the same time the conditions fixed above for 

F and TTty. 

For ainpliflcatlon, we have however adopted a single law 

comprised, in most cases, in the area defined above ;  but this 

law leads to an Increase in the specific f\iel consumption for 

operation at low Mach numbers and with afterburning (this in- 

rrease attains 4 to 7% in the case when T   = 260 0K » 46P 0R). 

The law adopted (see Fig.37) is in the form : 

A   = - 1.55 r1
2 + 6.7 ^ + 2.74 

The equivalence ratio, r., la related to the total air 

flow, not to the nrimary air flow. The fuel flow is the sum of 

the flow injected Into the turbofan and that injected into the 

combustion chamber. This determines one point on   ach of the 

curves previously plotted, and consequently we can deduce the 

^raph systen» F, SFC (MotZ), in the following three cases t 

without reheat, with T    » 2,700 0R and with TQ = 3,600 0R (see 

Fig,38 to 40). We tenre also plotted a system A0 (H0,Z) with 

and without reheat (see Jlg.4l) ; this enables us to ascertain 

that the influence of the heating upon the inlet sectional aiea 

is low. Under sea level static conditions the performance cha.p- 

acterlstlcs are F - 11,500 lb 

SFC a 0.585 lb/lb.hr 

when the air flowrate.ia 235 lb/s, in the case of no-rsheat. 
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2-2 T^urbofan at r>duced ratlmr. without rthaat 

The seta of currea auppliad by SNECMA for a given Inlet 

taoporature T., are valid, aa a matter of fact, for a apeciflo 

ratio TIT/Tp Therofore, by uaing for each point (H9, Z) 

a graph ayatem corraaponding to a temperatura T, higher than 

the flight total tenperature T., we can calculate the perfor- 

mance characteriatlce at any rating different from the mnrlBum 

rating. 

Thrje, under a.I.e. conditlona (T. - 288 0K « 518.4 0R) 

we calculated the performance oharecteriatica at three reduced 

lutings i 

TIT/TIT         j 0.89 0.80 0.695 

324 360 420 0K 

(58?.2) (648) (756 0R) 

For each point (M0, Z) we carried out oalculatlona 

for three reduced ratinga cloae to 0,9, 0.8 and 0.7. 

In Flg.. 42 to 65 we have ehown the reeulta of theae cal- 

culations > thruat coefficient, apeciflo consumption and cross- 

sectional area A0 and A   in tannaof paraeeter   irif . 
9 

In the preaent inyeatlgation we hare aearched for the 

aininum specific ccmauaption, principally as concerns suboonio 

operation, since these ratings are uaed during wait. Therefore 

we studied particularly the following two points i 

Ho •• 0.61 Z - 10,000 ft 

graph system   i 

0.48 Z - 20,000 ft 
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To the turlxjfan nwrimum rating corrsspomls a range of 

oquivalenoa ratios depending upon the flight conditions. These 

equivalence ratio    values can also be obtained for any reduced 

rating of the turbofan, but under other flight conditions. It 

is therefore naceasary tc provide for an overlap of the two 

regulation laws,  in order that the transfer from one law to 

the other require no modification of tho sectional area A-, 

whatever may be the flight conditions under which the turbofan 

rating reduction occuis. Thus, for high equivalence ratios, we 

Into s M I'D 
which changed the previous law, JL I (r. )n , 

leads to : 

Ag - 10.52 (r^jj, + 0.T5 

This law is used between limits (r. )_,> 0.25 and 

TIT » TIT      , which practically correBponda to N . When 

(r. )D,< 0,25 the turbofan rating la always reduced. 

Examination of the curves 3PC (fy).  In particular for 

H0 = 0.48 and M0 =» 0.61, shows that if we choose a regulation 

such that   Tilg   be nearly constant wh-itever the rating may be, 

the specific consumptions are close to the minimum. In Fig. 66 

and 67, wo have plotted ^ [ (r.L,!   | out of the definition, 

(r. )n, is proportional to (r. )n, since the turbofan combustion 

efficiency was assumed to be constant. On these plates we have 

found out that it is possible to adopt a linear law s 

A^ =■ 3.9 (r^jj, + 2.575     with (r^,  « 0.25 

If we study a progressive reduction of the turbofan rat- 

lag, we therefore come across these phases  : 

- when TIT 

is obtained by the  law established in para.2-1, 

TIT        , with or without afterburning, regulation 

Ag- -1.35 (r^   +6.7^ +2 .74 
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- when TIT   < TIT^, with {r^, > 0.25, the law Is 

A
9 ° 10.52 (r^jj, + 0.73 

- when TIT < TIT^, with (r^, < 0.25, the law becomen 

Ay =. 3.9 (r^jj, + 2.575 

For each system (M,., Z, TIT/TI^) , we therefrom 

deduce the operating point, hence the thrust and specific fuel 

consumption. 

We have shown the results under two different forms  j 

- in Fig. 68 to 71  : specific consumption (thrust) with M   and 

TIT/TIT        as ptirameters, at various altitudes  : max 
Z = 0,      10,000 ft,    20,000 ft,      56,000 ft 

- in Pig. 72 to 74 : thrust and specific consumption in terms 

of H    and Z, with TIT/TIT 
IBBOI 

0.9,    0.8,   0.7 

Vie may consider choosing the sim 'lest law, that la to 

sv A   o a constant, for tt« turbofan reduced ratings without 

afterburning. The value chosen for A   would be close to that 

defined by the maximum rating regulation, in the case of non- 

heating in the combustion chamber. The basic regulation of the 

TF 106 turbofan could than be retained without modification t 

the fuel flow is controlled so that the gas temperature ahead 

of the HP turbine remain constant, i.e. so that, as a first 

approximation, the HP rotor r.p.m. keep constant. It should be 

noticed that sich a regulation is not optimized as concerns 

specific consumption but on the other hand the curves related 

to the specific consumption are almost even. 

5 - TU-{BOFAN-flA/.JET IiIXfiD OPMRATIO!! 

Our Investigation was conducted at an altitude of 56,000 ft{ 

any other calculation at a higher altitude would not have modified the 

conclusions, but would have led to an increase in the specific fuel 

consumption because of a decrease in the combustion efficiency. 

Format 
''0,270 

00169 

.../•• 



Vol.4-1 -ig- 

ln Contract AF 61   (052)-670  j TURBOFAN-RA-'-UET ENGINE STUDIES, 

Vol.3.2 - OPEHATING FIELD, we showed that the engino operation in 

the mixed configuration le not poasible for H0 = 1.575 at the turbo- 

fan mazioum rating (with considering the limitations        tad imposed 

and which we have recalled here : I-L^ > 0.1  and AQ /\   ^0.75) but 

la possible for M0 » 2. The system of curves at T1  « 560 0K = 648 0R 

has enabled us to study an Intennsdiate point at M0 a 1.82 and to 

specify the utilization limits of the engine operation in the mixed 

configuration. 

Two combustion end temperatures were considered : TQ = 2 700 0R 
8 

and 3 600 0;i (identical with the reheat temperaturoa in pure turbofan 

operation). The calculations were carried out at four Ilach numbers : 

Ho • 1.82 , 2    , 2.32,     2.536 

In the case wh*»n M0 » 2.536 we were led to reducing the turbo- 

fan rating so as to limit the combustion chamber inlet pressure and 

temperature to the data supplied by SNBCMA. Therefore, in this case, 

we aasumed that TIT/TIT max 0.9. 

Furthermore, In order to study the TF - TFR transition, we had 

M, » 1.575, TIT/TIT       = 0.9 to investigate the case 

(see p«ra.5-l). 
The results of these calculations have been shown in Fig. 75, 

90 and 91. 
In Fig. 76 to 89 we have plotted the thrust coefficient, CJi, 

the specific consumption and the sectional area of the exit throat, 

A-, in terns of VL- and Tty, for the various Systeme (M0  , Tg). We 

can therofope deduce, from networks CpA (   o" , TU; ) and 3FC ( <»-  ,Tnt) 

(see Fig. 90 to 107),  the iso A^A« curves, and the limit curve 

M^, » 0.1. It can be seen that : 

- for specific throat section area Aq, the influence of e* upon the 

performance characteristics is very small 1 

- the combination engine operating range increases when temperature 

T0 decreases ; this is explained by the fact that heating involves 

. • ./ • . 

( 
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an "obturation" of the oadt { in order to abide by the flowrate 

conservation equation, it is necessary that the throat sectipnal 

area be larger for TQ •= 3,600 0R than for T   = 2,700 0R. But, as 
ö 8 

this sectional area has an upper limit, the operating range is the 

less wide na temperature T is higher ; 
8 

- It is not possible to adopt a constant value for   a- , since the r 

value which would involve correct results at H   =» 1.82 («- v 0.55) 
0 

would entail a surge of the turbofan for M0 « 2.54. 

Therefore we adopt a linear variation of <r in terms of the 

Mach numberi 

(T » 0.30 tt0 - 0.163        (see Pig.lOQ) 

As a matter of fact, not the Mach number but temperature T. 

must be taken into consideration, which is concealed on account of 

the fact that all the calculations were carried out at the same 

altitude. The law of regulation, in terms of T1, would have ti« 

fonn i 

(T » - 0.163 + 0.30 
^ 

2^ -to) 

»o - 1 

( 

However, considering that the aircraft will fly at these Ilach 

numbers only at altitudes above 36,000 ft, and that it is easier to 

measure Mach number than temperature T , the definition of   a~  In 

ternö of H0 has been iiept as law of regulation. 

For the exit throat we have adopted a linear law of regulation 

in tdrms of the injected equivalence ratio : 

AQ   » 7.3 ^ + 3.17      (see Fig. 108) 

The fuel flow includes the flow injected into the combustion chamber 

and Into the turbofan. 
It can be noted that the variation given ly this law for A^ 

is almost parallel with that establisned in the case of the engine 

operating as a puw turbofan, particularly in the equivalence ratio 

range corresponding to the interval 2,700 °S<T8 < 3,600 °R ( A Ag 

Is on the order of 1.4 sq.ft). 

( 
format 
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When T    ie nearly equal to 5,600 0R this law Involves that 

0.7 < Ag/Ag < 0.75, according to the flight Mach number. 

Under these conditions we can have plotted the curves CJl and 

3PC (M0  , Tg) at the altitude Z - 36,000 ft (see Fig. 110). Through a 

correction in the combustion efficiency we have deduced the same 

curves at the altitude Z a 50,000 ft. 

In addition we have plotted in Pig. 111 the evolution of ^ in 

tens of H0. 

4 - PUHE RAHJET OPERATION (turbofan stopped) 

Thrse fli-^ht altitudes were considered i 50,000 ft, 75,000 ft 

and 100,000 ft. For each altitude ths calculations were carried out 

at Mach numbers such that the   E.A.S. be approximately comprised 

between 500 and 800 kt. 

For each ooint (M0, z) we calculated the performance char- 

acteristics at four combuation end temperatures comprised between 

1,800 0H and 4,000 0R. 

The air flowrate was determined, either by M     = 0.53 at Mach 

numbers low enough for A0 to remain smaller than the master-couple 

(18 sq.ft), or by A0 - 18 aq.ft. 

All the calculations were performed under completed expansion 

condition, with nozzle coefficient f - 0,98. 

In Fig.  112 to 122 we have exhibited i 

- thrust coefficient 

- specific fuel consumption 
- sectional area of the flow stream tube at upstream infinite.A,, 

- exit oroas-aectional area, A10 

- exit throat section area A     in terms of H0  , Z and r.. 
9 

Moreover we studied the influence of the sectional area of the 

divergent nozzle exit upon the   performance characteristics in the 

case M0 = 4. Z - 100,000 ft, TQ » 4,000 »R (see Fig. 122). We could 
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then find out that a noticeable decrease in the exit eectlonal area 

deteriorates bit slightly these characteristics. Thu», if A... Is 

reduced by 30 % , the thrust ia reduced by 1.3 ^ , and the specific 
consumption is increased by 1.3 ',i , 

5 -   TRAM3ITI0NAL QPKRATIONS 

5-1 Transition from IF to TFR operation 

We found out that a TF-TFR transition at 1^ » 1,82 and 

at the turbofan maximum rating (see Fig. 124) would result in a 

sudden thrust increase for the same combuotion end temperature. 

Consequently we were led to study a TFR operation, but with a 

reduced ratia^ for the turbofan, and a Nach number lower than 

1.82. The performance characteristlos were therefore calcu- 

lated in the following case i 

H0 - 1.575   TIT - Q.9 TITj^  Tg - 3,600 0R 

The thrust obtained in this configuration is lower than 

that obtained in the pure turbofan configuration, for the same 

value of temperature Tfi, It is therefore possible, during the 

transition froa TF to TFR operation at %   ^     1.7, to obtain 

a thrust curve showing no discontinuity. 

However it may be acre attractive to try and operate the 

transition while keeping constant values for k^ and A,, (see 

Fig. 125 and 126). A.) concerns A«,    , this keeping is easily ob- 

tained by operating the transition at HQ  f 1.6. AS for A«, 

it would bo necessary to reduce the combustion «id temperature 

in TFit operation. Both these oonditions result in a reduction 

of the thxuut. 

5-2 Transition from TFR to R operation 

From a certain Mach number forward it is necessary to 

diminish the turbofan rating. In order to exoeed pressure 

and temperature limits inside the combustion chamber. As the 

.../.. 
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Mach number inoreaaes, this rating is more and more reduced, 

the turbofan ia windmilled or even stopped. The operation In 

pure ramjet configuration ia then utilized up to M0 » 4. The 

variation in the sectional area of the flow stream tube A0 ia 

low, as it can be seen in Pi«. 125, and, consequently, the air 

inlet control durin« transition la easily effected. 

Unfortunately we were not in a poeition to cany out any 

accurate calculation relating to tlie TFR-R transitional ran^e, 

for this would have required the knowledge of networks showing 

the turbofan theroodynamic characteristics at temperatures ex- 

ceeding 550 0K = 990 0R. 

5-3   Performance charaoteristics evolution in tenna of Mach number 

Finally, in Fi^.124, we have shown the variation of the 

thrust coefficient in terms of the Itech number at an altitude 

Z comprised between 36,000 ft and 82,000 ft, in both cases  : 

T_ • 2.700 0R and T0 - 3,600 0R. This result sunn up all the 
8 8 

Performance characteristics graph systems previously produced. 
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Nord Aviation 
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Ho x 2.52                  Z = 36 000 ft Figure 105 
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TLKBOK/UWmJCT OPERATION 

Mo = 2.b% Z = % 000 ft 

5152/NIODE rv/34/Z 

Figure  107 
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Nord Aviation 
TURDOl-'AN-RAMJET OPERATION 

Nozzle throat and fuel control 

51tJ2/NI0BE Iv/;4/Z 

Figure 106 
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Nord Aviation 

TURBOFAM-RAPIJtfr OPERATIOM 

Control of flow mixer flaps position 
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Nord Aviafion 

AIR CAPTURE AREA 
Figure 111 
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RAMJET OPKRjiI ION 
5I52/NIOBE    IV/54/Z 

1    NordAviafion (Turbofan stopped) 

Z = 50 000 ft 
Figure 112 
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SUMMARY 

In thin volune, we have produced t .« valuaa of 

pressures, temperaturea and Mach numbers at different levels, 

under accelerating working conditions, for operations as a 

pure turbofan, ns a turbofan-ramjet combination engine, and 

as a pure ramjet. 

These values have directly proceedoc from the perfor- 

mance characteristics computations carried out on the IBM 

7040 computer (see Vol. 2 - CALCULATION AHALY3IS), 

£    J   »,_.-—••-■ 
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SYMBOLS 

ouperscrlpta 

'      Indicatoa turbofan primary flow parameters 

"     Indicates combination engine annular flow Parameters 

oubscripto 

R Hamjot  flow 

T Turbofan total flow 

F Turbofan secondary flow 

o Refers to parameterß at upstream infinite 

Numerical subscripts refer to various stations as indicated 

in the diagram below : 
(J)     (2) (3)   0 

Ho\ .wilt 
■      r,,      i 

Dillutti 

® 

Pilot  Burnar 

"V 
TURBOFAN    Priitio,r no* 

Combuilion 

Chamber E « i I   not i (• 

General aymbola 

A Cross-sectional area 

P Total pressure 

T Total temperature 

t Static temperature 

M Mach numbei 

D Air flow 

X Flame holder drag coefficient 

0"   = ^ / A"5 

IT    Isentropic coefficient 

TF operation : Turbofan operation 

TFR operation : Turbofan-rarajet operation 

R operation : Ramjet operation 

TIT ' Turbine Inlet temperature 
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1  - OajERAL 

In this document we ha"e produced the variation 

ranges of pressure, teaperature and apoed within the X 81 

combination engine when operating under accelerating 

conditions. 

In TF operation, the rosults we have given have 

reference tc the turbofan maximum ratiig, in both cases 

"without", or "with" afterburning (TQ = 3,600 0R). o 
In TFR operation, the results procuced refer to 

teraperature3 TQ -. 2,700 0R and T   = 5,600 0R. The turbofan 
o 8 

rating io miximum when 1f0<M0< 2,5.  If H    JZ 1.8,  the 

turbofan is slowed down, since TPR opei^ition is not pos- 

sible at mnximum rating ;  furthermore this slackening 

makeo the transition easier from TF to TFR operation. In 

the case when M0 > 2.3, the turbofan rating is as well 

slowed down, ao as not to exceed, in the combustion chamber 

the pressure and temperature-limits fixed by 3NBCMA. 

In R operation,  the turbofan is stopped, and 

temperature T    varies between 1,800 0R and 4,000 0R. 

Among these rosultn, we have, in particular, 

given the internal flow characteristics in the following 

sections : 

^1 

^2 
A" 

A,7 

Turbofan inlet 

Fan exiT 

Pilot burner inlet 

Prinary «xit 

Rear extremity of the combustion chamber 

Within the case of TFH operation, that is with Mach 

number comprised between 1.6 and 2.5, we have also given the 

variation range of jf , while the TFR operating range being 

.../. 

t 
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limited by M     = 0.1 and kjk   = 0.75. 

The values relating to the internal flov have 

been obtained parallely with the results concerning the 

performance characteristics, by the computation method 

defined in Vol. 2 - CALCULATION ANALYSIS. 

2 » AIR INLBT PRESSURE RECOVatY 

The control of the outlet section and the 

engine regulation are such that the air inlet operates 

at its maziiiuia recovery ratio for all running conditions 

of the turbofan and ramjet. 

In Pig, 1 we have plotted the air inlet 

efficiency in terns of the flight Mach Number. 

5 - TOTAL TEWPERATUHE AT TllK tMCIHE INI£T 

The operating curves of turbofan SNtTHA 

TF 106 have been supplied by the manufacturer for cer- 

tain values of the total temperature at the engine inlet. 

knowing this temperature T   determines, in 

the case of TF or TFR operation, 

- either altitude 2 in terms of the flight Mach 

number when Z^t 56,000 ft (t0 « f(z) ) 

- or the flight Mach number when 36,000<Z <*. 82,000 ft 

(t0 - a constant), namely t 

for^ - 648 OR j M0 -    1.82 

M 702        i "          2 
n 810        s "          2.32 

. • •/ • 
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For T   = 990 0R, the calculitions related to TFfi 

operation, were carried out with oubjuctinc the turbofan to 

a reduced rating (TIT/TIT       = 0.9),  so as not to excoed 
max 

the pressure and temperature .limitations fixed by SN.XJMA, 

which correapondo to Ho = 2.536. 

Fig. 2 is an illustration of the curve T (M0,z). 

4 - PREG3URES 

Inside the combination engine, the pressure 

levels it is important to know arc the following : 

'1 

F2 

: turbofan inlet total pressure 

: secondary exit total pressure 

P"      : pilot burner inlet total pressure 

P'^    : primary exit total pressure 

8 
: nozzle inlet total pi assure 

It should be remembered that 

- pressure P"    ia used (with T" ) when calcu- 

lating the combustion efficiency in the annular chamber ; 

- due to the interaction between primary and 

annular flows,  the pressures P'    and P      in TF operation, 

p«    and P"   in TFR operation, should bo nearly equal { 

- pressure Pfl plays an Jiiportant part in the 

definition of the exit nozzle. 

In Fig. 5f4,5 and 6, wo have respectively 

plotted the pressures P^, P"     P'    and P0 referred to 
f<c 4 / o 

pressure P . 

5 - TfiiPERATURfiS 

According to the calculation diagram, the only 

total temperature variations occur in the flow mixer and the 

combustion chamber. 

. . ./ o • 

L j m iTiit-^ '■^»^"^■a'-*'-*^ 
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I   ( 
are t 

Therefor» the characterlBtico temperature levels 

t turbofan inlet total temperature 

i fan exit total temperature 

• pilot burner inlet total temperature 

: primary exit total temperature 

: total tooperaturo at the rear extremity 

of the combustion chamber 

In Fig.7, 8, 9, we have plotted the curves of 

temperatureo T-g, T"   and T*. 

mil 

4 
T* 

7 

8 

6 - VELOCITIES 

In order to permit a satisfactory combustion, the 

Mach numbers in sections A"    and A'    must bo rather lev« 
4     I 

These velocities, M' and M* , are also used vhen calcula- 
7 4 

ting the drag coefficients of the flame holders. 

The Mach number at the rear end of the combustion 

chamber has been usud for the exit nossle calculation. 

In Fig.  10, 11, and 12, VB have respectively 

plotted the values of M«     M«    and JL. 

7 - FLOW RATIOS 

In Fig. 13, we have plotted the ratio between 

primary and annular flows, D* / D". 

8 - FLOW MlXBt 

As concerns TFR operation, that is for Mach 

numbers comprised between 1.6 and 2.5, Fig. 14 illustrates 

the variations of V y 

,   Srmat 
I      I       X 270 
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