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Given an airplane with the following characteristics

W = 250,000 1bs., e

= = 0.85
W/S = 100 Tbs/ft? © Tg, = 34,000 Tbsy ,
C. = 0,015 , - ¢ .
00 . ) . - o R PRI

The thrust at any altitude is considered to be independent of velocity.

o

‘a) Draw the T, Vse Ve‘curve.

v R , .
'b) Calculate V and V.  at sea level.
1 : Cmax Cmin : :
g) Draw,the_'Ta(thrust available) curves at diff., altitudes on the curve
" of T Vs. V. Read off values of V_ ~ and V- at different altitudes

. e
mn nax

- (at 5,000 ft., intervals) and plot a curve of h vs. Vmax.(This can also be

accomplished by equating TA = TR and solving the equation for V and
! max
hence V__ )

max

d). Find the absolute ceiling either graphically or analytically
'e) Assuming small angles of climb, calculate the rate of climb at SL

at different velocities between V and V. . Plot variation of R/C

. ’ ' Tmin max ' ’ .

wsth ve at SL. 'palculate Y ax and (R/C)max at SL,

f) Calculate- the V(R/C)max and (R/C)max at dlffer?nt glt{tudesc .P]cf'
Py H { . .

agalnst altitude V. , V_ ., VR/Cmax and (R/C)max'

¢ . & ’.



| | 1.
SOLUTIONS (H. W. PROBLEMS)

 Given = w = 250,000 Tbs. . . T 34 000 Ibs, “=:

sL 4
W/§ = .]00 ”.)Sc/ﬁ{_’ A TO’_ = Qg TSL ._ 'r ,
AR =7 . p, = 0.002378 STugs/ft3
g = 0.015
e = 0.85
A=t sc S = 'Q 2,500 ft2, B 2
7 Po>p 7R =
0 b7 ep
o
o 2 ,
A= 00446 ; = =7 b® » 17,500
B=1l-24%10 : -
- /
b) At sea level ’ .
|
. 2 B ) ) . ,
TA = T o AV +-——§ = 84,000 lbs.: P
: 8 9
+ —l+AB 3l+ 000 + EUR 000 - 4 X Johl6 X 11, ZL{»Y IO
. f . Z X 008G |
-V = 186 ft/sec (127 mep.ha)
" ®min o o
v, = 853 ft/sec (581 mup.h.)
max ' '
2 8 :
a) T, vs. V T, = AV 4-—~— A= 0. ohkhke, B = 11.2L X 10~
R e R e Y
o e
Choose va]ues‘éf Ve 'between' Ve and V
min Cmax

CALCULATE T’ FDR THESE YALUES oF Ve
PLO—r TQ N5 \/(:
SU‘FOLzow:NG TABLE -



c) To (avaf]ab]e) “ T. 0

. Ve(L/D) Lo
max
- From (d)
ALT (FT)
" 5000°
j0o00!
15000
. 20000'
. 25000
ég?LlNa:27050

v
e

fepese

200

300

- 398.5

hQO
500 .
600
700
BOd
186

853

.
0.862
'9.738
0,629
0.533
0.

0.4166

“From (d)

ON

' 0.0LL6 V“2
0 e

1784

LO1L

11150
16056

21854

28544

SL

.928
«859
+793
«730

4669

J6h6

T, = 34000 lbs

Vo T (AVAILABLE)

LBS.
29308

25092
21386
18122

15232

'14165

11,24 X 108'/'"ve2

@

28100

12489

7025
LL96

3122

2294

1756 -

Plot these values on

graph I .

[

J&C)+C>f Ave?+

')f 29884

16503

14165

14161
15646

19178
24148

30300

© 34000

34000

2.

452'
Ve  1bs

From (b)

T wvse V
, e

R

and V

v min
values at these altitudes may

e
max

be read off at the interscction

points when T

A= Tpe

SEE TABLE. onN FA

6T 3



At o .y FPS oy FPS FPS FPS
’ B = I ; e min max
. Tmin max : ‘ 4
L, 1 186 853 186 ° 853
5000 0.862 203 785 219 - - 8lis
10000 0,738 220 715 256 832
15000 - 0.629 245 6hs 1309 - 813 =
20000 0.533 277 572 379 783
25000 0.4 335 81 g0l 719
27050  0.4166  ~400 400 619 el
V.  and vV, are read of f graph I..
®min max
Vmin Ve s / /o
. min
Voax Ve / Jo
. : max ,
Plot h s, Vmax' and Ve .graph'H. |
L . max

-

d) Absolute Ceiling: Since T, is independent of velocity at any altitude.

A

‘at the absolute ceiling TA = TR w= Dmin'

Tabs ceiling ™ 30000

‘ /L S, .81/4 ,
- Y T S ~
min . .
T =% e =B a2 -5 ibs. =0 T
A R c 2 e . A
PR (L/D) sL
: min eD : max ‘
.min
165 - g.u166

h corresponding to o = 0.4166 is 27050 fto.

abs



8)  S-Level . . I s
. | T+ [T 2]/ R
v laZy At : . -
e 6A L e SRR
(R/C)max : : ' t
: . 2 . ~ v8ﬂ . . -
Vez - 34000 + /3|1+000_ + 6.02X 107 | Ve ," = 533 FPS
(R/C) 0.2676 . Rl inax
= 284000
Sin = Ta 7 %min _ 34000 - 1M1c0  1o8ho 0.08 “rad
Ymax W 250000~ 250000 - “+9°. rad
Ymax ~ 2 !
o - K - 1
‘ = 123 2 - ""‘“"—'B'*'-'-\ W
(R/c)max Ve(R/C) /<?TA Avea/c . ) W
max ’ ; max (<]
: : R/C
| ' max
= 5233 (34000 - 16626) = 37 FPS = 2220 - FT/HIN
% 250,000 -
R/C = ¥

W (TA - D) %t SL (TA - D) values at velocities V may be
read off graph I and (R/C) at SL calculated. V = v at SL and T, = 34000 Ils.
D =T,. S |



V(F.P.S)

186
200
300
400

500

533
600
700
800

853

SEA LEVEL R/C Vs V

D= TR

34000
29884
16503
14161

15646

- 16626

19178
241438
30300

34000

Ty =T

A

0

|

R/C(FPS) - R/C(FT/MIN)

3.3
21.0
31.6
3645
37

35.4
27.3
12.0

198
1260

1896

2190

2220

2124

1638

720

v

-"R/C

W

o

MAX
Note:

and R/C

V=V
e

A plot of R/C Vs 'V at sea level is found iIn Figlla

-~

MAX at S.L.

at S.L.



O

.
. . : : Ta +1TA + 12AB| 2
“f) At any altitude -V - g .9 :
. (VS 6A
max ’ T
12AB = 6,02 X 108 4 _ S :
6A = 0.2676 RN - SN o
' @ & B 7)
ALT T T,2 2 woms | [T 2 w1z T %!T T e Do v FPS
A A A A A A 54 &) e /e P
1 il ’ v BURES
SL 34000 A . . 533 froa ge)
: 93 8 8 il ol ol
5000 | 29308 | 8,59X10° | 14.61X10™] 3.82X10" | 6.751X10"  [25,23X10 503
10000 25092 6.3ox108' -12.3zx108 ,3‘,51><10L+ 6.02x10™ 22.5x1o“' Lys
15000 | 21386 | aspab® | to.soxio® | s.2smx0%] sozox10® ol isxio® kg
: ’ ) Lo
20000 | 18122 | 3.28%10° | gu3xio® | s.0sxi0® | wgexiot T higsrexio® K26
25000 | 15232 | 2.32x10° | s.3xio® | zissexiot| wmixio®  fie.exiol 106
27050 ics | 2.01x10% | 'ABsoLuiE celLING Ty = Tg 399
2. B Y - ~ L7 "Emax . e
ALT | V AV Otz w T T.~T e : {(R/C) = =2V = R,
, ') ] R R ORp —=(T,~T )=(R/CY_ 1 " " max (r/C)
(RICY,.l  © Vg WAATRS Emas|.-  oe Vo T
~ - ' ! i ...\‘/:'
SL 533 37 ,‘4 From(e) 533 (FPS
5000 | 503 15707 13601 27.36 29,5 | sk
10000 L7 15030 10062 19.1 22,20 553
15000 449 . 14563 6823 12426 1546 566
20000 | L26 14288 " 3834 6.52 8,93 633
25000 | 406 R 1062 1.73 2586 | 607

B T L TS



- (r/C)

(R/C)

ALT Vso 'V ., V
min

.

= (R/C)

max

- v
max eqe e

max

ax

(R/C)m

max equiv

, v

R/Cmax

7.

and (R/C)max» are'plotted“in Graph 111,
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AE 271

Homework Assignment

. e '
PGt

You are given that the pressure at the center of a tornado- is 27"
of ‘mercury, The Barometer reads 29.92 far from the storm center.

Calculate the maximum velocity existing in the Tornado, - Assume

"that the core region rotates as a rigid body, and the transition

region does not exist, i.e., V=CWA in the core, and V= /2 mn
outside the core, _
Calculate the value of I as a function of radius. Assume'that,thé
radius of the .core is one mile. The paths of interest are circles
concentric with the origin. (Use dafa of FPOE-i)
Determine equafions for calculating the pressure as a function of
radial distance 'in the corg)and outside of the core, assuming VlmAx
is known, . £. 9&H§h»%Lu¢

a.) 'P--f(n) in the core _

b. ) 'g ,F m)OUtSlde the core, . ' \\»A
The veloc:ty at the top of a circular cyllnder\ploced in a uniform
flow is equal to 2.75 V,, , and at the bottom is equal to 1.250 Vgg
Take f= [s... » determine the Tift per unit span L’ , and the

fu

circulation /7 ., assuming the flow is. perfect,
The area at stations 1 and 2 are 15 and 10 sq. ft., respectively.

The mass flow rate is 301bs./sec, and the dehsity and temperature

at station 1 1is .00200 s'lugs/ft.B and T= [O°F , respectively.

‘Determine all flow properties at station 2 ., - ’ R

Pssume that A of Problem 5 is the minimum area in the channel.

Calculate the max imum mass flow that ca%n be paSSed gnven that
= - e \kl ./
P, /0 #/AA and T ’O F. Tt\_‘- f"*\\—( ::" stcuu,ﬁt‘k
The. flow velocity over an airplane wmg 1s known to be 200 ft. /sec

where the measured pressure is /j, '»'/jm. . . Calculate the airplane
velocity. ‘ “”‘f
’ #’*.{09/

w3 d@"‘“‘*
A C 12. S’*“‘{/A
The same alrplane as used in Problem #7 is now found to have a

(on the 100y ‘%’:Hbg/w

velocity of 800 ft, /sec. Howeve}r the temperature is measured at

the position of the pressure orifice and found to be T = o™




9. Calculate the factors T°+S5  for an unswept untwisted trapezoidal
wing of AR= 6 and taper ratio A=/.o . Use M = 1, 3, 5,
and @, = 2T Yo, - v

10, Calculate the lift curve slope and induced drag coefficient of an
elliptical wing of aspect Ratio A2= ¢ , (Wing uses symmetric
.airfoil and is untwisted., ) If this wing is used on an aircraft
whose cruise speed is Vi = /50 mopd @ f =10 000’ » determine
CL, o{) and Cp . The airplane has a wing loading of W= Lo
and'has a profile drag coe’fficifﬁr_\t of .017.

11, The airplane qf problem | is modified by using an airfoil section
-whose angle of zero 1lift is o(‘ = ~/,5°. Reestimate (}_J C_,';) awsl oL,

(-4



