ASE 376K HW#5-1 Philip Varghese

Need: (a) Verise; (b) TSFC (or S,) at cruise; (c) Range after modification

Given: B777-200, Me= 138,120 kg; Mp = 54,000 kg; Mt = 75,500 kg; Mecruise= 0.83 @ 39,000 ft
L/D = 20.5; s = 8400 km.

Solution:
From ICAO standard atmosphere at 39,000 ft (~11,900 m)  Assumptions
T=216.5K. (1) V, L/D, TSC are constant for
Using = 1.4 and R= 287 J/kg-K,a = \/yRT, =295 s, the cruise
(2) V, L/D not changed by
modification

Mcruise = 083 = ’Vcruise = 245 'TV§

L/D)V
From Breguet range equation: S, = ( ) In( MTOJ
S¢ M,

M =M, +M, +M =267,620kg; M, =M, +M =192,120 kg= '\&TO =1.393, 50

L

_ 20.5x245m/s In(1.393) = 2.02x10™° §m=> TSFC = 20.2 mg/s-N

8400km=10° " 9,811
km S

3%

After modification M/ = M_+100kg , no change in fuel mass
= M, =267,720 kg, M/ = 192,220 kg, S, =0.95x 2.02x10™° = 1.92x10™> mg/s-N so range after
modification is:
_V(LID) (Mig)_ g optob e .
s = In( 1 ]— 8.84x10 m:> => Range is improved.
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ASE 376K HW#5-2 Philip Varghese

Need: 7, 17, 770 fOr a ramjet
Given: Ma =35, Ta= 217 K, |AH | =43 MJ/kg, 7= 0.99, r4=0.85, 77,= 0.96, r, = 0.93,
sh=1.32, Tex = 2200 K.

My % m- W

a 2 4 6 ()

Solution:

o Assumptions

S=m,[(1+ )y, _“]JFMO(Z)A% (1) Steady, quasi-1D flow
M. JyRT, =1033 m/s (2) pe=pa at de5|gn_p0|nt

u Y (3) Ideal gas behavior,

2 piecewise constant y. =
2 J y=14, m=132
Con —m&u 1184—kg K (4) Adiabatic components

1;4 _'1;2

AH
|:77b|c R|_To4j|

ph

7
Pos _ Ros  Rez poa 1 |v|§j = 0.93%0.85%76.3 = 60.29
pe pO rb pOa r pe 1(3)

m-l

By assumption (4): Tos = Tos = 2200 K; T =T, ( Pe |7 :% =814 K

Pos (p54]7h
P.
Uy = /27, (Tos — T) =1775 Vs, So—=[1+f u,—u =818 m's.

2 2
nj@e %= |aeng-Y

From first law analysis applied to combustor f =

= 0.0430 (< frex ~ 0.067).

2
my |AH | - flAH|
calculations.

} =0.600; m to within the precision of the

Nw =



3J/m, )u 1+ f)u,—ufu
n,= (5/m,) = [( ) > ]2 =0.762; to within the precision of the

2 2

ae %Y e nd-Y]

calculations.
o = 1h 1p = 0.457; to within the precision of the calculations.



ASE 376K HW#5-3 P. L. Varghese

Need: 3/m,, TSFC, and efficiency curves as a function of M for a non-ideal ramjet design
Given: T, =220 K, |[4HR| = 45 MJ/kg, = 1.35,rq= 0.88, r, = 0.94, 7, =0.98, r, = 0.95
Tmax = 2000 K and 2500 K

Ramjet performance calculations
Specific thrust - solid symbols; TSFC - open symbols

1250 ] 100
I \ T =2500K ]
L max 4
i 190
1000 [ \ ;
0 ' 180
E Lol \\ 180 3
= 750 %
4! i \ 2000 K o
£ “ 170 é
2 : 19
T 5007 _ z
g 2500 K 160
_ “::::- T ; .
250 ‘=¢=:::- B ;-
2000K —TTeese 190
1 1 1 1 |-40
01 2 3 4 5
M

The variation of specific thrust and TSFC with M is shown in the figure above for Trax = 2000 K.
Increasing Tmax increases specific thrust (desirable) but also increases TSFC (undesirable). The
peak specific thrust occurs at M = 2.82 for Trax = 2000 K, and at M = 2.99 for T = 2500 K
showing that the maximum specific thrust shifts to higher Mach number with increase in
maximum temperature in the ramjet. The curves with Tyux = 2500 K are also shown on the figure
for comparison. For maximum engine temperature of 2500 K and the Mach number range
examined the fuel-air ratio is not limited, i.e. feac < fgoich always.

The calculations show that increasing maximum allowable engine temperature gives a larger
percentage increase in specific thrust (~18% near M = 2 to ~47% near M = 5) compared to the
increase in TSFC (~4.9% near M = 2 to ~9% near M = 5). Below M = 1.5 the TSFC is so high
(>100 mg/s-N) that the engine is impractical. The calculations at very high M (> 5) are suspect as
the efficiencies approach 1. It must be emphasized that the curves are for different ramjet designs
— these are not the performance curves for a single ramjet as a function of flight speed. One
major limitation in the analysis is the assumption of constant component stagnation pressure
ratios at all flight Mach numbers. For example, the best supersonic inlet designed for M = 6



would really have lower stagnation pressure ratios than the best one designed for M = 2.
However, the overall trends of the curves are reasonable.

10—

Efficiencies




