Code No. 322106

III B.Tech. II-Semester Supplementary Examinations, November 2003

AIRCRAFT DESIGN PRACTICE

 (Aeronautical Engineering)

Time: 3 hours






Max. Marks: 80

Note:  1. Answer any Five questions

2. All questions carry equal marks

3. Altitude tables may be used

4. Assume suitable values for missing data

---

1.
A 20 seater transport aircraft is to be designed to meet the following requirements at ISA conditions as per FAR 25 regulations for twin turbo prop engines.



Range 
= 1200 km,
Vstall  =  0.25 M


M = 0.6 at sea level



Cruising altitude = 10 km, Landing distance = 1500 m at sea level.


The aircraft must have sufficient reserve fuel for a diversion of 300 km and a hold of one hour.

(a) Draw the typical mission profile for the above aircraft.

(b) Estimate the fuel fraction, empty weight fraction and design gross weight.

(c) Estimate the thrust loading and wing loading required and indicate which of these requirements are the design driver.

2.
For the aircraft in Q. No.1 having Maximum rate of climb = 8 m/s and absolute     ceiling = 15 km.

(a)
Suggest suitable values of the aspect ratio, taper ratio and sweep of the wings and tails giving explanation.

(b)
Draw a three view diagram of the aircraft after calculating the dimensions of wing, tail and fuselage.

3. a)
What factors must be considered while selecting thrust loading and wing loading of an aircraft.


    b)
Discuss the relative merits and demerits of a high wing and low wing layout.  Why is the low wing layout chosen for most long range transport aircraft?

4. a)
Assume that the airplane shown in the figure weighs 20000 lb and that the braking force F is 8000 lb.

(i)
Find the wheel reaction R1 and R2

(ii)
Find the landing run if the airplane lands at 100 mph.
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Set No. 1
b) Explain Balanced Field Length and write the expression for BFL for jet and propeller aircraft.

5.
Explain the characteristics of various types of inlet geometry of a turbo jet or turbo fan a/c engine with the help of sketches.

6. a)
Explain with the help of sketches the various types of shock absorbers used in the undercarriage of an aircraft.

    b)
How will you determine the stroke of a shock absorber at the time of landing?  Derive the expression for the same.

7. a)
How shear and bending stresses of wing shar or fuselage can be estimated?  How these stresses affect the structural design of the aircraft?
    b)
Write a short note on ‘crash worthiness’:
8.
Write short notes on the following: 

(i)
AIRWORTHINESS requirements.

(ii)
Estimation of airloads and Rudder and elevator.

(iii) Range-Payload Diagram.
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1.
A single seat turbojet engined aircraft is to be designed for meeting the following requirements under ISA conditions.


Vstall = 70 knots,


Vmax = 300 knots at SL

Range = 1000 km cruising at 10 km height


Diversion = 100 km and loitre = 30 minutes

Landing distance = 500 m at sea level


Maximum rate of climb = 5 m/s

(a) Sketch a possible mission profile

(b) Estimate mission fuel friction assuming 10% reserves.

(c) Estimate gross weight of the a/c.

2.
For the aircraft in Q.No. 1.

(i)
Estimate the suitable values of wing loading and thrust loading.


(ii)
Estimate the dimensions of wing, fuselage, HT and VT.

(iii) Sketch three view diagram giving the dimensional details.

3. a)
Explain V-n diagram with the help of a neat sketch.  What is the physical significance of Flight Envelope?
    b)
What is meant by a Fail Safe Design?  Explain how this approach can be followed in the design of a metallic wing structure.

4. a)
Sketch and briefly explain merits and demerits of various inlet locations with buried and poded engines.

    b)
Define subcritical, critical and super critical operations of inlets.
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5. a)
The 8000 lb airplane shown in the Figure is landing on soft ground with an upward acceleration ay of 3.5g and an aft acceleration ax of 1.5g.  Find the wheel reactions A and B assuming them to be parallel.

[image: image2.png]Ww 247/ 50D AaniEEEEE
W WL\« ag 435}””‘”4





 b)
Explain Area Ruling.

6. a)
Explain the advantages and disadvantages of nose wheel, toil wheel and bicycle type undercarriages, with examples.

    b)
What is meant by “Bending Moment Relief”?  Explain how does bending moment relief lead to a lower wing weight for aircraft with wing mounted engines.

7. a)
Discuss the various factors that are considered while selecting an airfoil section for the wing of a transport a/c.
    b)
What is meant by a natural laminar flow aerofoil?  Explain briefly.

    c)
Explain briefly the importance of empty weight of an aircraft.

8. 
Write short notes on THREE  of the following:


(i)
Weight and Balance


(ii)
FAR Regulations

(iii) Range-payload Diagram

(iv) Corner Speed and Estimation.
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1.
Following data pertains to a jet transport a/c.  


Wpayload + Wcrew   = 20000 lb
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G​lmax = 1.8,
Slanding  = 7000 ft, Runway at sea level.


CHT = 1.0, 
CVT = 0.09


Constants a and c for fuselage length are 0.67 and 0.43 respectively.


Calculate  
(i)
Thrust


(ii) Wing loading



    
(iii)
Wing area

(iv) Wing span



 
(v)
Root and tip chord assuming taper ratio 0.45




(vi)
Horizontal and vertical tail area.

2. a)
List down the desirable features of an airfoil section for the wing of an a/c that is to be designed for high endurance at low altitude.

    b)
What are the merits and demerits of a high wing layout?  For which type of a/c is such a layout usually preferred and why?
3.
Draw V-n diagram (showing all the calculation) for the data given below.


Category 
= 
Normal (+2.5, -1.0)


Gmax 

=
1.62,
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Cruising Speed = 4 Vs, Dive speed = 5Vs

Crust Velocities: 20 m/sec, 15 m/sec and 7.5 m/sec for Vs, Vcruise and Vdive respectively.


Crust alleviation factor = 0.8, Vs = Vstall.
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 per degree, Altitude = Sea level.

4. a)
Which are the critical points in the V-n diagram of Q. No.3?   Explain how they are critical points?

    b)
What are the merits and demerits of selecting a high aspect ratio for the wing of a transport aircraft.
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5.
A very comfortable 200 seater passenger airplane is to be designed for a range of 2500 km and cruising speed of 800 kmph.  Show the seating arrangement inside the cabin for the airplane (simple sketches with possible dimensions are required) accomodating the crew and passengers.  Show also a sketch of fuselage          cross-section showing the seats and other details.  Estimate the length of fuselage also.
6. a)
Sketch and explain various possible housing locations and mechanisms of retraction of a retractable under carriage.
    b)
What do you understand by weight and balance of an aircraft?  Explain.

7. 
Explain the function of various components of a fuel system of a typical aircraft having two wing mounted engines with the help of a neat sketch.
8.
Write short notes on THREE of  following:

(i)
Factors governing C.G travel


(ii)
Fail safe and safe life structures.

(iii) Balanced Field Length

(iv) Classification of airplanes.
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1.
A two seater trainer airplane for a speed of 180 kmph and 1½ hours flying duration is to be designed.  The design should also accommodate a diversion of 100 km if the aircraft is to be designed for a range of 300 km.
(a)
Carry out the estimation of gross weight, fuel weight and horse power assuming (i) Piston engine (ii) turboprop engine.

(b)
Sketch the three view and balance diagram for the piston engined a/c.

2.
For the aircraft design of Q.No. 1.

(i)
Discuss the merits and demerits of having side by side and tandem seating arrangement.

(ii)
Give reasons and discuss merits of having fixed undercarriage against retractable undercarriage.

(iii) Analyse the merits of choosing a conventional aerofoil or laminar aerofoil for this design.

(iv) How most forward and aft c.g. limits are found out?
3.
When landing on a carrier, a 10000 lb airplane is given a deceleration of 3 g by means of a cable engaged by an arresting hook as shown in Fig. 1

(a)
Find the tension in the cable, the wheel reaction R and the distance e from the center of gravity to the line of action of the cable.
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(b)
Find the tension in the fuselage at vertical sections AA and BB if the portion of the airplane forward of section AA weighs 3000 lb and the portion after of BB weighs 1000 lb.

(c)
Find the landing run if the landing speed is 80 ft/sec.
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4. a)
Why are high speed airplane wings given sweep back.

b)
Sketch an isometric sectioned view of an airplane wing and show the spars, ribs, stringers, ailerons and flaps.

c)
Discuss the merits and demerits of a canard configuration as compared to a conventional layout.

5. a)
What is  meant by corner speed?  How is this determined from V-n diagram?

    b)
 Why is V-n diagram independent of the altitude of operation of an aircraft?

    c)
Write a short note on Supercritical aerofoils.

6. a)
Plot the spanwise variation of BM and SF for a typical fuselage of a bomber aircraft.

    b)
Write merits and demerits of nose wheel type undercarriage as compared to tail wheel type undercarriage.

    c)
Why do aircraft designers try their best to reduce the empty weight of the aircraft.
7. a)
Explain the phenomenon of flutter.  Explain various types of flutter.

    b)
How will you carry out Preliminary Cost analysis of an aircraft to be designed?  Explain.

8.
Write short notes on any TWO of the following:


(i)
Schrenk’s approximation for trepezoidal wing.


(ii)
Symmetrical maneuvering loads in flight. 

(iii) Fail safe and Safe Life Structures.
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