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EXAMPLE

Calculate the power-required curves for (@) the CP-1 at sea level and () the CJ-1 at an

altitude of 22.000 ft.

H Solution

a. For the CP-1, the values of T at sea level have already been tabulated and graphed in

Example 6.1. Hence, from Eq. (6.24),

P =T, V.
we obtain the following tabulation:
V, ft/s Ty Ib Py, £t - 1b/s
100 279 27.860
150 217 32,580
250 359 89.860
300 4901 147.200
350 652 228,100

b. For the CJ-1 at 22,000 ft, p., = 0.001184 slug/ft®. The calculation of T is done with the
same method as given in Example 6.1, and P, is obtained from Eq. (6.24). Some results

are tabulated here:

Ve, ft/s C, Cp LiD Ty.1b Py, ft - Ibfs
300 1.17 0.081 14.6 1358 0.041 % 107
500 0421 0.028 15.2 1308 0.065 = 107
600 0.292 0.024 12.3 1610 0.097 % 107
800 0.165 0.021 71.76 2553 0.204 x 107

1000 0.105 0.020 5.14 3857 0.386 x 107

The reader should attempt to reproduce these results.
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Propeller
Keclprc_’catmg Shaft -
engine
P
PA = I?P

Figure 6,19 Relation between shaft brake power and power
available.

Py
P.-i
Py
5 5
2 z
3 S 5
= Reciprocating engine- =2 let engine
St g
propeller combination
Veo Voo

1 hp=550 ft-1b/s=T746 W Py =1,V

hp, = (n)(bhp)



EXAMPLE 6.4

Calculate the maximum velocity for (a) the CP-1 at sea level and (£) the CJ-1 at 22,000 ft.

B Solution
a. For the CP -1, the infermation in Example 6.1 gave the horsepower rating of the power
plant at sea level as 230 hp. Hence

hp, = (»)(bhp)=0.80(230)=184 hp
The results of Example 6.3 for power required are replotted in Fig. 6.21a in terms of

horsepower. The horsepower available is also shown, and Vg, is determined by the
intersection of the curves as

Voo =265 1/s=181mi/h

max

b. For the CJ-1. again from the information given in Example 6.1. the sea-level static
thrust for each engine is 3650 1b. There are two engines: hence T, = 2(3650) = 7300 Ib.
From Eq. (6.33), P,=T,V..; and in terms of horsepower, where 7, is in pounds and V.,
is in feet per second,
_TiV%

550

hp,

Let hp,, be the horsepower at sea level. As we will see in Ch. 9, the thrust of a jet engine
is, to a first approximation, proportional to air density. If we make this approximation
here, the thrust at altitude becomes

Lo =140
Po
Hence hp, s =—hp,
Pao
LI
gl
i 2 L -l
o] Flg,:re 6.21 Power gl e
available and power-
required curves and il
600 - the determination of
maximum velocity. T, |
s00 | cp (a) Propeller-driven 3 |
sea level airplane. (b) Jet- E L |
8 lled airpl g !
g 400 |- propelied airplane. B . I
2 H hg, |
@ N
£ ‘ t
s
T 300 | P e = 065 1t)s
O |
|
200 |
| T
| |
;i L | g |
LV = 265 tfs ik |
| |
1 1 | 1 S L =15 i L =
0 100 200 300 400 o 260 400 600 200 1Co0 1200
Ve, ftfs Vo (s
(a) (iy

For the CI-1 at 22,000 ft. where p=0.001184 slug/ft*,

hp,, = /P TaVer _ (0.001184/0.002377)(7300Vz. _ 0 00
550 550

The results of Example 6.3 for power required are replotted in Fig. 6.21# in terms of
horsepower. The horsepower available, obtained from the preceding equation, is also
shown, and V,,, is determined by the intersection of the curves as

max

V. =965 tt/s=658 mi/h



ALTITUDE EFFECTS ON POWER REQUIRED
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Figure 6.22 Correspondence of points on sea-level and altitude power-required curves.
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Figure 6.25 Situation when minimum velocity at altitude is
greater than stalling velocity.

EXAMPLE 6.5

Using the method of this section, from the CJ-1 power-required curve at 22,000 ft in
Example 6.4, obtain the CJ-1 power-required curve at sea level. Compare the maximum
velocities at both altitudes.

H Solution
[rom LCgs. (6.38) and (6.39), corresponding points on the power-required curves for sea
level and altitude are, respectively,

112
VU = vr.ls [1]
Po

and hpgy=hpg.y [£ |
\ o )

J'a

W2



We are given V, and hp, 4, for 22,000 ft from the CJ-1 curve in Example 6.4. Using the
formulas here, we can generate V; and hpg, as in the following table, noting that

1d d 12
[pJ :[0,0011841 e

P 0.002377 )
Given Points P 12 Generated Points
Vi, ft/s hpg.alt [Pu ] V. ftis hpro
200 889 0.706 141 628
300 741 212 523
500 1190 353 840
800 3713 565 2621
1000 7012 706 4950

These results, along with the hp, curves for sea level and 22,000 ft, are plotted in Fig. 6.26.
Lookingz closely at Fig. 6.26, note that point 1 on the hp, curve at 22.000 ft is used to
generate poini 2 on the hp, curve at sea level. This illustrates the idea of this section.
Also note that V,, at sea level is 975 ft/s = 665 mi/h. This is slightly larger than V,, at
22,000 ft, which is 965 ft/s = 658 mi/h.
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Figure 6.26 Altitude effects on Vi, for the CJ-1.



For a given airplane in steady, level flight, prove that Eq. (6.39) relates the minimum
power required at altitude. (P )i t0 the minimum power required at sea level. (Pg)min-
In other words, prove that

(Pra)uin _(Po ]m (E6.6.1)
(Pro)emin lp_

H Solution
Equation (6.39) relates a point on the power-required curve at altitude (point 2 in Fig 6.22)
to the corresponding point on the power-required curve at sea level (point 1 in Fig. 6.22)

where C, is the same value at both points. For the special case where point 1 in Fig. 6.22
pertains to the minimum P, al sea level, we wish (o prove that point 2 in Fig. 6.22 then
pertains to the minimum P at altitude. This is not immediately obvious from the deriva-

tion given for Eq. (6.39), which depends just on the assumption of the same C; al points
1 and 2.

From Eq. (6.27). the general formula for Py is
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RATE OF CLIMB

RIC= Faessin B

Figure 6.28 Airplane in climbing flight.
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Figure 6.29 Illustration of excess power. (a) Propeller-driven airplane. () Jet-propelled
airplane.
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Figure 6.30 Determination of maximum rate of climb
for a given altitude.
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Figure 6.31 Hodograph for climb performance at a given altitude.

EXAMPLE

Calculate the rate of climb versus velocity at sea level for (@) the CP-1 and (b) the CJ-1.
B Solution
a. For the CP-1, from Eq. (6.50),
_ expeess power _ Py— Py
W w

With power in foot-pounds per second and W in pounds, for the CP-1, this equation
becomes

R/IC

e Pi—F
2950

R/C

From Example 6.3, at V.. = 150 ft/s, P, =10.326 x 10* ft - Ib/s. From Example 6.4, P, =
550(hp,) = 550(184) = 1.012 x 10° ft - 1b/s. Hence

n_ 3
R/C— (1.012—-0.326) %10 —93 3 fi/s

2950

In terms of feet per minute,

R/C=23.3(60)=[1398 [/min arV., =1501us

This calculation can be repeated at different velocities:

V. fit/s R/C, ft/min
100 1492
130 1472
180 1189
220 729

260 326
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Figure 6.32 Sea-level rate of climb for the CP-1.

These results are plotted in Fig. 6.32.
b. For the CI-1, from Eq. (6.50),

P,—#, _ 550 (hp,—hp,)
W 19,815

R/C=

From the resulls and curves of Example 6.5, at V.. = 500 ft/s, hpy= 1884 and hp, = 6636,

cca .
Hence R/C =550 ! 6636 1884

=132 fi/s
L 19,815

ur R/C=132(60) = 179]4 [t/min al V. =300/

Again, here is a short tabulation for other velocilies for the reader to check:

V., ftls R/C, ftY/min
200 3546
400 T031
600 BO8S
800 3792
930 1230

These results are plotted in Fig. 6.33.
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Figure 6.33 Sca-level rate of climb for the CJ-1.



