
  
  

    
Subject: Theory of Flight  نظرية طيران: ضوع المو 
Weekly Hours : Theoretical : 2 Units : 4  2: نظري : الساعات الأسبوعية   4:الوحدات 
                                Tutorial :   مناقشة                          : 
                       Experimental :    عملي                          : 
Week Contents الأسبوع المحتويات 

1 Standard Atmosphere (ISA)  1  الغلاف الجوي القياسي
2 Aerodynamic forces and moments 

on aircraft
 2 القوى و العزوم الايروديناميكية على الطائرة

3 Lift – Lift coefficient – Lift curves 
characteristics

صائص منحنيات  خ– معامل الرفع –الرفع 
 الرفع

3 

4 Drag – Drag estimation  4  تخمين قوة الكبح–الكبح 
5 Types of drag 5    أنواع الكبح 
6 Stalling  6 الانهواء
7 Subsonic wings and sections 

characteristics
 التوصيف و –الأجنحة و المقاطع تحت الصوتية 

 الخصائص
7 

8 Boundary layer control  8 سيطرة على الطبقة المتاخمةال
9 High-lift and control devices  9 معدات الرفع العالي و السيطرة

10 High speed flow – Mach number   10  عدد ماخ –جريان السرع العالية 
11 Wave drag     11    الكبح الموجي 
12 Compressibility corrections 12 تصحيحات الانضغاطية 
13 Supersonic wings and sections 

characteristics
 13  الخصائص-الأجنحة و المقاطع فوق الصوتية 

14 Transonic aircraft and the Area 
Rule

 14 الطائرة الانتقالية و قاعدة المساحة

15 The supercritical airfoils  15 المقاطع فوق الحرجة
16 Introduction to performance 

computation
 16 مدخل إلى حساب الأداء

17  Performance in level flight        17 الأفقيأداء الطيران 
18 The wing loading 18 تحميل الجناح 
19 Performance curves in terms of 

thrust  
 19 فع الدمنحنيات الأداء بدلالة 

20 Performance curves in terms of 
power

 20  الأداء بدلالة القدرةمنحنيات

21 Climb performance  21 أداء التسلق 
22 Descent performance  22 أداء النزول
23 Gliding performance  23 أداء الانحدار بدون قدرة محرك
24 Range and Endurance (piston a/c)  24 )للطائرة بمحرك مكبسي (المدى و زمن البقاء
25 Range and Endurance (jet a/c)    25    )للطائرة بمحرك نفاث ( المدى و زمن البقاء 
26 Take-off 26  الإقلاع 
27 Landing  27 الهبوط    
28 Acceleration in climb  28 التعجيل في التسلق
29 Turning performance  29 أداء الاستدارة
30 Design performance  30 أداء التصميم
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as follows:

8o

Po

To

Qo

= 32j7 li/sr.cz = 9.806 m/ser':

= 29.92 in HE = 2,1762lbs/ft1 = 1.0l3K1Ot N/mx

= 59oF = 5tS.?oR = t5oc = zan-zor<

= 0.002377 slug/fi3 = 1.2?5 Kg/m3

i l.6a)

(r.6b)

(1.6c)

(1.6d)

For Eubson.ic airplares only the tropospherc and the stratospb€f,e are rmportant

I.2.t TEMPERATURE VARIAITON IVI'TH AI.JTITI]DE

In the standard atrnosphcle it is arisuflred thst below an altitude of 36,089 ft, thcrc is a colstant

drop o{ tcmpcratuc of 0.00356616 deg. F per foot of altitude. This is refeffed to ns the laFse rate

of the atmospherc, Thcrefore, the temperaturc at any given altitude, b' can be wdtten as:

T = T r + a ( h - h 1 l

wher€:

a = the lapse rate of the atmosPberc : - 0.00356616 oF/ft

T, is the reference rcmpcmtulc at altilude hl

h, is the reference altitude

(1.7)

At sca-lcvcl, h) : 0 and Tt = T6 . Above an altitude of 36,0E9 ft in the stralosphere' the

stardajd tempcraturc is constant and roughly equal to -69.7 deg. F.
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16.333: Lecture f1

Equilibrium States

Aircraft performance

Introduction to basic terms
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Fall 2004 16.3331-1
Aircraft Performance

Accelerated horizontal flight

- Engine thrust 7

- Ltft L (I to 7)

- Drag D ( l l  to V)

- Weight trZ

- balance of forces

T - D : ^#- 0 for steady flight

and
L _ W  - O

Define f -  jpV2SC;where

- p - air density (standard tables)
- ,5 - gross wing area : e x b,
- a - m e a n c h o r d

- b - w i n g s p a n

- ,AI1- wing aspect ratio - ble

1  r r )  t
;pv 

- oynamrc pressure

speed relative to the air

- a -
_ t /  -
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- Cr lift coefFicient - for low Mach number, Ctr - Cy.(a - c,s)

O o angle of incidence of wind to the wing

O as is the angle associated with zero lift

o Back to the performance:

which implies that

r -

v -

L :  m g

and we can relate the effect of speed to wing lift

o A key number is stal lspeed, which isthe lowest speed that an aircraft

can f ly steadi ly

pSCr^u*

-  t u

V,

atwhere typicallyget C7,** 0max
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Fall 2004 16.333 1-3
Steady Gliding Flight

Aircraft at a steady glide angle of 7
L

v r Q 5 t ,%-Y
'o+

o Assume forces are in eouilibrium

L - m g c o s ?  -  0  ( 1 )

D + m g s i n T  -  0  ( 2 )

Gives that
D C ,

t anT -  
T=  c "

+ Minimum gl iding angle obtained when ColCt is a minimum

- High Lf D gives a low gliding angle

r Note: typically

CD: CD^rn-  #
where

- CD^rn is the zero lift (friction/parasitic) drag
- C2" gives the lift induced drag
- e is Oswald's efficiency factor = 0.7 - 0.85
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Steady Climb

T . D

o Equat ions:

T - D - W s i n 1

L - W c o s 1

r  Note that for smal l  7,  tanT = 7 = sinT

RIC -  I / s in7  xV1  =

so that the rate of climb is approximately
avai lable (above that needed to maintain

(r - D)v
L

equal to the excess power
level flight)

- n

: t J

(5)
(6)

$ which gives

T - D
L

_ _ a.lq /1/

srn 7

T _ D

- n

so that

e Consistent with 1-3 if T :0 since then 7 as defined above is negative

L
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o Equat ions:

o Note: obtain

Lcos$  -

centrifugal force
mV2

R

W : m g

Yz v:Ru Va

16.333 1-6

(10)

Steady Turn

Ls inS (7)

(B)

(e)

*  tan/  -
Rs

-Rpi1 at C;-*

1 ^
R^1"(|pV'SCu^.)sin@ -

z "-''
wv2

* -R,n1o -
WIS

If 2pgC;*"*sin @-ur.

L c o s 0 l
-.:>i

Centrifugal
force R

Radius of turn

whereWf S is the wing loading and @-n. < 30"


