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1. Headloss
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3 _ Lf a_nd drag coefficient
j:'alrplane has a

th all flaps retracted. Assuming the lift and the drag characteristics

"'”_(b) the angle _of attack to c;rwse ste_adlly at the crulsmg 3"“"
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:total mass of 70 OOO kg and a wing planform'
0 m2 (Rig: Ti1= 54).3"‘_The p]ane has a crwsmg speed of 558 km/h
sing altifude of 12,000 m, where the air density is 0.312 kg/m3.
as"‘double slotted: flaps for use during takeoff and landing, but it

san be: appmxlmatec[ by NACA 23012 (F;g 11-45), determme;
n[mum' 'safe speed for takeoff and Iandmg with and wuthout extend—.

FIGURE 11-45

Effect of flaps on the lift and drag
coefficients of an airfoil.
From Abbott and von Daenhoff, for NACA 23012

4. Boundary layer

- A delivery vehicle carries a long sign on top, as in Fig,
P7.56. If the sign is very thin and the vehicle moves ai
65 mi/h, (a) estimate the force on the sign with no cross-
wind '
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5. RTT: Momentum conservation

Water at 20°C flows through the elbow in Fig. P3.60
and exits to the atmosphere. The pipe diameter is
D, = 10 cm, while D, = 3 cm. At a weight flow rate
of 150 NJs, the pressure p; = 2.3 atm {gage). Neglect-
ing the weight of water and elbow, estimate the force on
the flange bolts at section 1.

40° ;/_’
P3.60
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Answer
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2. Minor loss
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3 Llft and drag coeff|C|ents

__.-__f:_The crmsmg cnndltmns ﬂf a passenger plane ancE tts wang -:har—'--
ics ‘are’ giver. The-'minimumm safe- lasiding ‘and: takeoff speeds; “the"
'ttack during crmsmg, and the power réquired aré to be determined. ’
fs 1 The drag and: hﬁ: pmducad by: parts of the plane c-ther thar-
gs, such. as the: fuselage ‘drag, are not considered. 2 The wings are
fo be two-dimmensional airfoil sections, and' the- tip ‘effects of the-
‘not: considered: 3 The: lift and the drag charactéristics of the wings
pproxirmated: b}r NACA 23012 so that Fig:: 1145 is appllcahle 4
'_'rage— density- of airon’ the gmund is 1. 20 kg/m3 3 L
oz The densttlas ‘ot air- are - 1.20° kg/m? - ‘o the gmund and :
kg!m3 at cruising altltude The maximum lift coefficients Cy . OF the.f.
re 3.48-and 1,52 with and: without flaps; respectively (Flg 11—45]
s (a} The we;ght and crmsmg speed of the a:rplane are o e

-W" - mg (m 000 kg)(9 31 m:‘sz) (—1—5—3-) = 686 mo N i .

(sssmm)-(36

mmlmum veloc:tres ct}rrespﬂndmg tn the 5taf| c{:ndlt;ons wﬂhout anc['
ﬂ’aps respectwe[y, are abtamed frram o e a

\/ w0 20686700 N)f S
: pCL, Ak 1A

__;1(1 2 kgfn:f‘)(l 2t 5'0 m?} _
W [ 2686100 1]§g mf Rt
3 2 46 8 me
pCL my‘l (I 2 kgfm j{3 4—8){150 m )
en the safe" mlmmum UE]GE!l’IES tn:: avmd the stafi regmn are obtamecl by"-*:-
tlply‘mg the values abcwe by 1.2: SEHORC N
thnurﬂaps - 1E’(mm! saf& I 2mel 1 2{?0 9 mh} ES 1 mfs 396 kmfh
| With fiaps: " Vigentw = 1 Wi 1 2(4638 m/s) = 56 7 ma"s = za:sz kmfh
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4. Boundary layer

Solution: For air at 20°C, take p= 1.2 kg/m’ and yr= 1.8E=5 kg/m-s. Convert 65 mih =
29.06 wis. (a) Iftherc is no crosswind, we may estimate the drag force by flat-plate

theory:
0031 0031

ne _1.2029.06)®) _, 5514 (arbulent), €, = - = 0.00291
EL8ESS "7 Re”  (1.55E7)

' N 1.2 ' o
Fire =Cpy (g] v’?bL(z sides) = 0.00291 (T] (29.06)2(0.6)BX2 sides) =14N  Ans. (a)

5. RTT: Momentum conservation

Solution:  First, from the weight flow, compute Q = (150 N/s)/(9790 N/m’) =0.0153 m'/s.
Then the velocitieszat (1) and (2) follow from the known areas:

: o1
Q_ 00183 _ oom o _Q_ 00153 _  .m

V = — =1. ¥ - = - .
YA (@401 s 2TA, (4X0.03) s
The mass flow is pA,V. = (998)(1:'!4)(0.1)2(1 95) = 15.25 kg/s. Then the balance of forces

in the x-direction is:

ZFR = —Fyas + Py = 1y — iy = (=, cos40°—V))

solve for oy = (2.3><t¢31350){}(0. 12 +15.25(21.7cos 40° +1.95) = 2100 N Ans.



