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Fluid DWlamics (Aiternoon)

Consider two-dimensional inviscid compressible flow aromld an airfbil as a model fbr a steady

transonic flow around the main wing of an airplane flying at constant altimde through the

atmosphere at rest. Assume that the atmosphere is calorically perfect gas, and )/ is the specific

heat ratio.

Question l

'M1en the flow speed of a poim on the airfbil becomes exactly the speed of sound, the flight

Mach number is MA (critical Mach number) . Obtain the pressm･e coefficient C; at the point

of lowest pressure on the airfbil using MA and )'. Assume that no separation occurs on the

airfbil, and the defimtion of pressure coefficient Cp in terms of pressure P is given by the

fbllowing equation、

P -Pco

ch==ooU甜 (1)

Note that unifbrm How density, pressme and velocity are p｡｡ , R｡ , and "c｡ , respectively.

〆

Next, consider a steady shock wave generated around the airfbil. The flight Mach number MB

satisfies MA < MB < 1 (No detached shock wave is generated) .

Questioll 2

Draw an airfbil suitable fbr transonic flight on your answer sheet・Show the unifbrm flow

direction by an arrow and then indicate the supersonic flow region with shaded lines. AIso,

indicate the position ofthe shock wave in the same diagram.

In the fbllowing, assume that a steady shock wave over the airfbil is a normal shock wave, and

the flow is one-dimensional flow.

Questioll 3

When the airfbil flying at. transonic speed UB in the atmosphere at rest was observed fifom

groImd-based stationary fiFame, the flow speed upstream of the shock wave was uu , and the

downstream of the shock wave was atmosphere at rest (Consider proper directions fbr UB and

uu ) Show the equation of cominuity, equation of momenmm, and eqUation of energy, that are

valid when a thin test volume surrounding the shock wave is considered in shock stationary

fiame. Note that density and pressure upstream ofthe shock wave are pu and R, , respectively.

The density and pressure downstream of the shock wave are p｡｡ and R｡ , respectively.

(Contillue oll llext page)



Question 4

0btain the value uu/α･･, which is the ratio of l4u to speed of the sound of the atmosphere at

rest (qc｡), using flight Mach number MB (= "B/qc｡) and l'.

Questioll 5

0btain the value R, /R｡ , which is the ratio of凡to atmospheric pressure R｡, using MB and

γ、

Question 6

The pressure

number MB .

coefficient at the upstream of the shock wave was Cpu . Obtain the flight Mach



Solid MechankS (AfternOon)

The thin l･ectangular panel of size L×〃, reinfb1℃ed with three l･ods attached to its edges as stiHbne1･s, is

fixed to the l･igid wall at x = 0 as shown in Figure l . All three l･ods call only cal･ly axial fbl℃e and have

equal and unifbl･m cross-sectional al･ea " and YOLmg's modulus E・These rods al･e pinned to the rigid

wall and al･e mutually pin-connected・The thin panel is of unifbrm thickness / and has sheal･ elasticity

constallt of G, and is peribctly joined to the rigid wall and the rods. Assum ing that the defbmlation of

the structul･e is confined within the plane ofthe thin panel, let us considel･ the case ill which the fbrce P

acts at point C in the vertical direction (gy dil･ection).

Here, in the thin panel, normal stresses qr = oj. = 0 and shear stress Tu, = r is assumed to be un ifbrm

The dimensions ofthe rods in the il･ th ickness directions are presumed to be sufficiently small compared

to the sizeル. Answel･ the fbllowing questions, using the values shown in the figul．e、

Show the shear stress r of the thin panel, and the axial fbrce d istl･ibutions SI Oﾉ), &(x) and

&(x) of the rods l , 2 and 3 , 1･espectively. Positive direction of r is defined as shown in the

figure and the axial tensi le ib1℃e is defined to be positive.

Obtain the sh･ain ellel･gy U stol･ed in the strucmre.

Obtaill the displacement a of point C in the loading dil･ection using the Castigliano's

theorem .

The stru･ture is considered as a cantilevered beam when L is suffciently larger than /I

Obtain the vel･tical displacementゐE at the fiFee edge (x =L) of the beam, assuming the

Bemoillli-Euler's hypothesis.

Comparing the answel･s of above questions 3 and 4, determine the elasticity conditions

which are to be enfbl℃ed to the membel･s composing the structure, so that the latter answel･

collld be del･ived fi･om the fbrmel･ allswel･.

Question l

Question 2

Questioll 3

Question 4

Questioll 5

(Continue on next page)
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Aerospace System (Afternoon)

There is a dumbbel l-shaped otject composed of two tm iibrm spheres with l･adius q and mass m

connected by a mass-less rod, as showll ill Figure l . The omect can be regal･ded as an axisymmetric l･igid

body. The distance betweell the centers of two splleres is I (I > 2q) ( ) mealls its time derivative.

A11swer the fbllowing questions.

Question l Express the moments ofinertia of this ohjectﾉX,ﾉy,ﾉz al･ound the thl･ee pl･illcipal axeS of

inertia using m, 1, q. Note that lx =ﾉy三Ic holds, because ofthe axial symmetl･y. You may use the fact

that the moment of inertia of a sphere with mass m and radius q about an axis passing through its

center of mass is :",qZ

Questioll 2 As shown in Figure 2, the omect oscillates with small amplitude with a pivot point at a

distance b ( b < l一α）付om its center of mass along the axis on the gl･oL111d. Find the angulal'2

fi･equency f,jb of the oscillation. Let g denote the acceleration due to gravity on the surface of the

Eal･th.

Next, we considel･ the attitude motion ofthe ohiect in a zero-gravity environment as shown in Figure 3

When the angular velocity vector about the prillcipal axes is denoted by dd = {のx,のy'のzlT, {l,e
equation of motion in the principal axes cool･dinates is givell by,

Ifi)+の×Iの=t.

li

０
ア
北
０

0

1O

Iz
denotes the tensol･ of inertia, and t = [tx, ty, tz]T denotes the torque vecto!where I =

1

dlle to the extemal fbl℃es

Questioll 3 Show that the anglllal･ velocity about z-axisのz is constant, if t = 0

Question 4 G iven t = 0 , letting the constant angulal･ velocity about z -axis be denoted by Q ,

descl･ibe how the angulal･ velocities about X- and y-axeS (IJx ,のy change ovel･ time.

Question 5 Assume that an extemal tol･que tx =たのx is applied to the omect (ty = tz = 0). Find the
合

value offeedback gaill L fbl･which the oscillations ofのx and foy are critically damped.

Finally, this oMect was launched into a cil℃ulal･ ol･bit around the Eal･th as ill Figul･e 4. Let the ol･bit radius

ofthe centel･ of mass and orbital anglllal･ velocity be denoted by T (7- > l) andの0 , 1･espectively.

Question 6 Show that the attitude with z-axis ofthe omect directed toward the centel･ ofthe Earth is

stable・Assume that the angulal･ velocity aboLIt z-axis Q)z is zel･o.

(Colltinue on next page)



Question 7 Assume the ohject oscillates

stable state given in the pl･evious questioll.

in the ol･bital plane with a small amplitude al･ound the

Find the angulal･ fiequency

QuestiOll 8 Consider the orbital fiame Fo = {Xo, l6, Zo} with its origin fixed at the centel･ of mass

ofthe olject, Zo-axis directed toward the Earth center, and Xo-axis aligned with the flight dil･ection of
e

the omect. Letting p and l' denote the rol l and yaw allgles, respectively, small attitude motions ofthe

otject about Xo- and Zo- axes in the vicinity of " = 1jj = 0 are linearized as the fbllowing equations.

Eval Uate the stabi l ity of the systell1
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Propulsion Engilleel､ing (Afternoon ）

Figure l shows the p-汐diagram ( 1－→2-→3－う4-→5-→1 , cycle A) of ideal cycle

fbr a spark ignition engine whose expansion stroke is longer than the compression stroke.

The pressure, temperature and specific volume at the condition t are defined as脚 乃

and "i , respectively. The compression ratio, expansion ratio and expansion-compression
，

ratio of this cycle are defined as Ec = ", /112, Ee = 1Z4/"2 and E = Ee/どc, respectively.

The pressure ratio of the isochoric heating process is defined as 6 = P3/P2 . The

operating fluid is assumed to be an ideal gas with gas constant R and specific heat ratio

wc . Answer the fbllowing questions.

Question l Express P2,p3 in terms of pl,",Ec and Ic

Question 2 Express乃, 7h in terms of 7I,, 6, Ec and k

Question 3 Express 74, 7E in terms of r,,β,gand Ic .

Question 4 Express the heat input per unit mass 9," which the opel:ating fluid receives

at the isochoric heating process in terms of R, 71,,β,Eb and Ic.

Question 5 Express the heat呵ection per unit mass 92,,, 92p which the operating fluid

releases at the isochoric and the isobaric cooling processes in terms of R, 71,,β,E andIc,

respectively.

Question 6 When the theoretical thermal efficiency 77 fbr this cycle is expressed as Eq

(1), express Qf in terms of6, E and Jc.

1

り= 1-E戸．α （1）
－－－

Question 7 111 the case of the cycle in which the pressure at the end of adiabatic

expansion process is equal to the initial pressure p, , such as the cycle

(1-→2-→3－→6－歩1, cycle B) in Fig. 1, express the expansion-compression ratio E in

telms of 6,Ic. Then, express Q' in Eq. (1) in terms of6, Ic

(Cominue on next page)



AIso overlay

compress10n

qualitatively

cycles, based

are the same

Question 8 0verlay the schematic of T - s diagyams fbr cycles A and B .

the schematic diagram of T - s diagram fbr an Otto cycle with the same

ratio Ec and the pressure ratio 6, starting ffom the condition l. Explain

the relationship between the theoifetical thermal efficiencies of these three

on the diagrams . Here, s is the specific emropy, and the operating fluid

fbr these three cycles.

刀
爪

CycleA: 1→2→3→4→5→I
3

CycleB: 1→2→3→6→1

l→2 Adiabatic compl･ession

2-→3 1sochoric heating

3-→4(3-→6) Adiabati c expan

4->5 1sochoric cooling

5→l (6--' 1 ) Isobaric cooling
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