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III-B.Tech. II-Semester Examinations April, 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) Use following data for Q.No.I and II and assume suitably any other     missing data.

---

A twin turboprop military cargo aircraft is to be designed to carry a payload of 10 tons over a distance of 2000km while cruising at M=0.55 at a height of 8km above mean sea level under ISA conditions. Additionally it should have enough fuel for diversion of       200 km and a hold of one hour at 180knots speed at sea level conditions. Assuming a maximum lift to drag ratio of aircraft to be 14 and an empty weight fraction of 0.54.

1.
For the data given above calculate


a)
Mission fuel weight fraction (wf/wo)


b)
Gross weight at take off (wo)

c)
Take off gross weight, if the range is increased to 2500km but the payload remains 10 ton.

d)
Take off gross weight, if the payload is increased to 15 tons but the range remains 2000km.

2.
For the data given above. Attempt the following

a)
What kind of layout will you choose for this aircraft (fuselage, wing, undercarriage and tail ) if it is desired to have a low runway loading and good rough field performance.

b)
Select the suitable wing loading and power loading for the same aircraft from cruise consideration.

c)       Sketch a three view diagram of the aircraft with proper labeling and    

          scaling.

3.a)
Discuss the design principles of all metal wings with special reference to the “Fail-Safe” and “Safe-Life” concept.

   b)
Sketch and explain the V-n diagram for a typical transport aircraft. Mark and explain the point corresponding to “corner speed” and the “design diving speed”.

4.a)
A four engined aircraft has the engines and fuel tanks located on the wings. Sketch the bending moment and shear force diagrams along the span with fuel tanks full. How does the diagram change when fuel tanks become empty.

   b)
Discuss the shrenk’s approximation for estimation of span wise air load distribution of trapezoidal wings.
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5.a)
Discuss the various factors that are considered while selecting an aircraft section for the wing of a transport aircraft.

   b)
An aircraft in level flight at speed V encounters sharp edged and graded gust with maximum vertical gust velocity U. Estimate the value of additional load factor due to gust for both the cases.

6.a)
What is flutter? Explain various types of flutter with neat sketches.

   b)
What is the importance of L/D ratio. What are the factors affecting L/D ratio of an aircraft. How will you estimate L/D ratio for a jet and turboprop aircraft.

7.a)
Discuss the relative merits and demerits of nose wheel and tail wheel undercarriage layout. Which type of layout is more popular for AB-INITIO trainer aircraft.

 b)
How the airloads on the ruddler and elevator due to their deflection can be estimated. Discuss briefly the effect on longitudinal stability due to stick fixed and stick free elevator deflection.

8.
Write notes on following:


a)
Weight and balance.


b)
Preliminary cost analysis.
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Given data
A 20 seater transport aircraft is to be designed to meet the following requirements 
at ISA condition as per FAR-25 regulations.



Vstill    (   70 m/s



Vmax   (  250 m/s



Range (  1000 km



Cruising attitude = 10 km



Maximum rate of climb ( 8 m/s



Absolute culing ( 15 km

Landing distance ( 1500m at sea level. The aircraft must have sufficient reserve 
full for a diversion of 200 km and hold of 45 minutes.

Note:- Clearly state all the assumptions made.

1.
For the data given above attempt the following:

   a)
Draw the typical mission profile for this aircraft and estimate the full fraction, 
empty weight fraction and design gross weight.

   b)
Suggest suitable values of the aspect ratio, taper ratio, sweep and twist of the 
wings and tails to meet the above requirements giving explanations.

2.
For the ‘given data’, answer the following:

   a)
Estimate the thrust loading and wing loading required and indicate which of these 
requirements are the design drivers.

   b)
Draw a three view diagram of the aircraft highlighting the important features.

3.a)
Explain the term “Airworthiness requirements”. How are these requirements 
arrived at? Give some examples of airworthiness requirements related to the 
climb phase of a transport 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?

Contd…2

Code No.:322106



-2-



Set No:2
4.a)
Sketch and explain V-n diagram of an acrobatic aircraft. Explain why equivalent 
airspeed is used along X-axis of V-n diagram.

   b)
What is meant by the teem “Bending moment relief”. Explain how does bending 
moment relief lead to a lower wing weight for a/c with wing mounted engines. 
Also draw bending moment and shear force diagram for a cantilever wing with 
one engine mounted.

5.
Write short notes on the following:

   a)
Balanced field length.

   b)
Range-Payload diagram.

   c)
OEI climb gradient.

   d)
Laminar flow aerofoils.

6.a)
What factors are generally kept in mind while selecting the passenger cabin layout 
of a long range civil aircraft. Sketch the seating arrangement of a 100 seater civil 
aircraft.

   b)
What are various tail arrangements or configurations used in the aircraft? Discuss 
relative merits and demerits of a T-Tail and conventional horizontal tail.

7.a)
List down the desirable features of an aerofoil section for the wing of an aircraft 
that is to be designed for high endurance at low attitudes.

   b)
Give proper technical reason for the following:


i)
Boeing 747 having 4 wing mounted engines has a very large fin area.


ii)
High speed fighter airplane wings mostly have anhedral configuration.

iii) Airplane with engines mounted in rear fuselage have large area of horizontal tail.

iv) There are restrictions put on the forward and rear movement of centre of gravity.

8.
Write short notes on following:

   a)
Fail-safe design.

   b)
Classification of airplanes.

   c)
Importance of weight in a/c design.

   d)
Super critical aerofoils.

***
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     A twin turboprop aircraft is to be designed to carry 50 passengers over a range of 1000 km, with enough fuel for a 45 minutes hold at sea level and a diversion of 200 km.  The a/c should be able to operate safely from an airstrip of 1500 m length located at an elevation of 1000 m above ISA sea level.  The minimum climb gradient with one engine inoperative should be 3% and cruise mach No. at 7500 m altitude should be atleast 0.3.

1.a)
Carry out the preliminary estimate of fuel weight, empty weight, take off weight and shaft horsepower per engine at sea level.

b)
Suggest suitable values of wing aspect ratio, taper ratio and sweep with proper reason.

2.a)
Estimate the power loading and wing loading required to meet the above design requirements.

   b)
Sketch and labell the three view diagram of the aircraft.

3.a)
Explain the factors governing the selection of the wing thickness ratio for civil and military aircraft.

b)
Explain the term “Wetted Aspect Ratio” and its importance in estimating total drag of an aircraft.

c)
Discuss the requirements that usually govern the design of the elevator and sudder of an aircraft.

d)
What factors govern the most forward and aft location of  center of gravity of an aircraft.
4.a)
List down the advantages and disadvantages of Nose wheel and Tail wheel type under carriages which is the most suitable location of the undercarriage of a low wing trainer a/c and why?

b)
What is meant by a “Natural Laminar Flow Aerofoils” and how it is superior to conventional aerofoil.

5.
Explain flight envelope and crust envelope with neat sketches for a high speed aircraft which of the envelopes produces severe conditions for the aircraft and why?  Also explain corner speed and how it can be calculated.
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6.a)
Which type of aircraft are statistically known to have very high empty weight fractions?  How does the empty weight fraction of a particular a/c type changes with increase in gross weight?

b)
Explain Schrenk’s approximation for estimation of spanwise lift distribution of a trapezoidal wing planform.

c)
What is meant by Fail safe Design?  Explain how this approach can be followed in the design of a metallic wing structure.

d)
Give the classification of airplanes by: (i) Function they have to carry out.          (ii) Load factors allowed.

7.a)
Sketch the shear force diagram and bending moment diagram for a low speed transport airplane fuselage along with the loading diagram.

b)
Sketch Cockpit and passenger cabin seating arrangement of a 50 seater passenger capacity transport aircraft show the proper spacing between the seats.

8.
Write notes on the following:


(a) Service Ceiling


(b) Balanced Field Length


(c) Fail-Safe Structures


(d) Area Ruling.

- - -
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A single seat turbojet engined  aircraft is too be designed for meeting the following requirements under ISA  conditions.


Vstall ( 70 knots ; Vmax ( 300 knots


Take off distance ( 500 m at sea level


Landing distance (  400 m at sea level


Maximum Rate of climb ( 5 m/s


Range (  600 km with no reserves while flying at 2.5 km altitude at M=0.5 
vertical load factor = +9/-6g.

1.a)
Select a suitable  plan form of the using, fuselage, VT and HT for above aircraft, 



giving reasons.

b) Estimate suitable value of wing loading and thrust loading by carrying out a 



constraint analysis.

2.a)
Estimate the mission fuel fraction; assuming 10% reserves for the above given 
a/c.

   b)
(i) Estimate the design gross weight of the aircraft


(ii) Sketch V-n diagram for this aircraft.

3.a)
Plot the span wise variation of BM and SF for a typical fuselage of a Bomber 
Aircraft.

   b)
What are the relative merits and demerits of a high wing and low wing layout.  
or which type of aircraft, these layouts are preferred.

4.a)
Sketch an isometric view of a wing showing Ribs, spars, longirons, flaps and 
aileron.  Why high speed aircraft have swept back using configuration.

   b)
Write a note on “Take-off and Landing Process”.  Also make drag polars for both 
conditions.  Give reason for the difference in drag polars
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5.a)
What are the merits and demerits of selecting a high aspect ratio for the wing of a 
transport aircraft.

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

   c)
Discuss the merits and demerits of a canard tail against conventional tail 
arrangement in an airplane.

   d)
What is “Bicycle Type”  undercarriage and for which kind of a/c is it employed?  
Name any a/c having this type of undercarriage layout.

6.a)
Discuss the important criteria used during the selection of a suitable aerofoil 
section for the wings and empennage of a transport air craft.

   b)
Explain four major load conditions that a typical wing of an a/c is subjected to.  
Also indicate the areas of the wing whose structural design is mainly governed by 
the loads during these conditions.

7.a)
Explain the term Balanced Field length and how it is used to decide the runway 
length requirements of a multiengine aircraft.

   b)
What is meant by OEI second stage climb gradient?  What is the minimum value 
for this parameter for twin engined a/c as per FAR-25 requirements?  

   c)
What factors are generally kept in mind while selecting the passenger cabin layout 
of a long range civil aircraft.

   d)
Discuss the importance of crust alleviation factor.  How is its value determined?

8. Write  short note on following:

a) Bending  Moment Relief due to power plant

b) Schrenk’s Approximation

c) Factors governing C.G.travel.

d) Fail-safe structures.
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