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Fluid Dynamics (Morning)

Consider the turbulent boundary layer fbrmed on an ohi ect in a two-dimensional steady incompressible

viscous flow with the constant viscosity /j and the constant densityp・Use the coordinates where the

" cool･dinate is along the surface of the ohiect and the Z/ coordinate is normal to it, and the origin of

Z/ coordinate･isonthesurfaceoftheohiect．〃isthevelocitycomponentinthe z directionandfノ

is the one in the l/ direction・U is the velocity component in the " direction at the boundary layer

edge. 6 is the boundary layer thickness. T is the shearing stress actmg on the fluids.γ⑩is the

shearing stress at the surface of the obi ect. The boundary layer equation is expressed as eq' ( 1 )
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The displacement thickness 6* and the momentum thickness 9 are defined as eqs. (2). They are used

as parameters that express the boundary layer thickness. The shape factor H is defined as eq. (3). Then

it is known eq. (4) holds.
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Here, we consider the case when U is the filnction of only " . We discuss the turbulent boundaly layer

developing along KE . Answer the fbllowing questions.

Question l

Past research confirms experimentally that TI" ofthe turbulem boundary layer is expressed by eq . (5) .

－工凹呈= AR~z', （5）
p"2

where A is the filnction of H , R is the Reynolds number defined by eq. (6) and P is the positive
constant

pU8
R= （6）
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Show eq. (7) holds.
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where

z=M', B=A(1+z)), k=(1+p)(2+H)-p.

(Continue on next page)



Question 2

We consider the case when the boundary layer characteristics does not change siglificantly towards the

downstream direction. We consider H does not change along " . By using eq. (7), show eq. (8)

holds . Using eq . (8), the changes in the momemum thickness along " can be obtained .

工雲ぴd" , (8)〃ル= zO(Ub)& +B
O

where the subscl･ipt O means the physical quantity at the " position which is used as a reference point

on the obiect.

Question 3

In the previous question, we consider H does not change along " . In realitM H changes. Tb

consider this eHect, we define the energy thickness 9* as one ofthe parameters indicating the boundaly

layer thickness as shown in eq. (9)

fj2
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Derive the fbllowing relation shown in eq. ( 1 0), by multiplying u on both sides of eq. ( 1 ) and by

integrating it in tlie 1/ dil･ection fi･om Z/=0 to Z/=ﾉi , where /i is a constant and Z/ = IZ is outside

the boundaly layer.

-4(w) = 2"3", (10)
d〃

where
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YOu may use the fbrmula shown in eq. (12) assuming (z and b are constants
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Question 4

Derive eq. ( 1 3) which expresses the change in H along " by deleting the derivative of 8 with

respect to " using eqs. (4) and (10) .

z\l+ (Ggr-2E)"諾- (H -1)･滞筈=0, (13)
dH

d" pU2

where G is the dimensionless quantity defined as eq. (14) fiom the analogy of H

β*
G= （14）
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Solid Mechanics (Mornin2)

Considel･a mast and two flexible solal･ a1･1･ay panels supported by

the mast in Figul･e l . As shown in Figlll･e 2, the mast is modeled

as a unifbl･m canti level･ed beam, and the two panelS al･e

collectively modeled aS single un ifbl･m string of which each end

is tied to each end of the beam. Then, 11o oHSet at each end

between dle beam and the stl･ing exists in all three axes direction.

Bendillg deflection w(x) of the beam only in xz plane is

considered . As the coefficient of thel･mal expallsion of the beam

Qf is larger than that of the string qo (QE > Qf0 > 0), the string

of its equilibl･ium length L is tied to the beam of its equilibrium

length L + 6 at the normal temperature 7}v so that the tension

of the string just becomes zero at the low tempel･ature

7L (7Z < 7Tv) . Moreovel; the cl･oss-sectional al･ea of the beam is

determilled so that the compl･essive load of the beam at the high

temperature 7h (7)f > 7Iv) just comes up to Eulel･ buckling

load as shown ill Figul･e 3 . The cl･oss-sectional area, YOLIng' s

modu lus and al･ea moment of inertia of the beam al･e denoted by

A, E andノ, respectively・The cl･oss-sectional al･ea and Young's

modulus of the stl･ing al･e denoted by Ao and Eo, 1･espectively.

The temperatures of the stl･ing and the beam are the same･And it

is assumed that the string has no bending stiffhess.and is not able

to transmit compl･essive load. Answel､the fbllowing questions. If

11ecessal% use the fbllowing approximatiolls.

L>6, 1>Qf(7W－n) (1)
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Fig.3 Bending deflection
aitel･ Eulel･ buckl ing

Question l
〆

Assuming that the compl･essive load P yields the bending deflection w(x), derive the differential

equation of Eulel･ buckling fi･om the equilibrium of the loads on al1 infillitesimal element加the

bended beam. Include the figure of the infinitesimal element and the compl･essive load P, sheal･ing

load Q and bending moment M working on it and the derivation procedure of the equation in the

answer|・If necessal･yj use the fbl lowing l･elatioll between M and w(x) .

d2w
（2）M=-Eﾉ而言

Question 2

1n case ofusing the bending deflection ll' expl･essed by x '-coordinate shown ill Figul･e 3 instead ofx-

coordinate in ordel･ to obtaill Eulel･ buckling load ofthis beam, select the boundal･y conditions applied

to its tip and l･oot fi･om sGFixed'', GcSimply Suppol･ted'', @GFree'' conditions, respectively. And descl･ibe

the l･eason ofyoul･ selection.

(Colltinue on next page)



Questioll 3

Express the length 6 in the equilibrium length L + 6 ofthe beam, using L, Qf, Qf0, Zv and 7Z

Question 4

Expl･ess the magnitude of the compl･essive load % generated in the beam at the high temperatul･e

71f, using QI, Cr0,乃,7Z and so on.

A mast designed according to the afbrementioned approach buckled ill xz plane at the low tempel･ature

乃on orbit. The l･esults of investigatioll l･evealed the fbllowings.

The load ofthe mast at the low temperaturencame up to the compressive load R obtained in

Question 4

Young's modulus of a matel･ial X used in the solal･ al･'･ay panels sharply changes al･ound the

temperature 7b (7}v > 7b > 71L)
In the design process, the change of Young's modillus of the material X was overlooked, and it

was decided that the stl･uctural membel･ made of the matel･ial X didn't need to be reflected ill the

string model ofthe solal･ array panels.

①
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の

Instead of reflecting the structul･al membel･ made of the material X in the existing stl･ing, it is newly

modeled as anothel･ unifbrm string of the equi l ibrium length L at the normal temperature 71v . This

string is added to the model in Figure 2, and its each end is tied to each end of the beam as well as the

existing string. Consequentlyうthe modified model in Figure 2 consists of the beam and the two strings.

The cross-sectional areaj YoLIng's modulus and coeffIcient of thermal expansion of the new string are

denoted by A,, E, and Qf,. YOung's modulus E, ofthe string is 1 .0% ofYoung's modulus E ofthe

beam at the normal temperature 7)u

Questioll 5

Obtain the ratio Ei/E at the low temperature 7Z, using the fbllowing relations.

71v = 300 [K], rL = 100 [K], 7)I = 400 [K]

Eo = 0.1E, Ao = A, A, = 0.01A, q = 5QB0, Qf, = 9Qfo

And describe the reason why the mast buckled at the low temperature, including the reasoll why it

was decided in the desigll process that the structural member made of the material X didn't need to

be reflected in the stl･ing model.



Ael､ospace System (Morning)

Considel･ the attitude contl･ol dul･illg bal l istic fl ight fbl･ a l､ocket nying fi･om the atmosphel･e to outel･space

shown in Figul･e l . The principal axes of the l･ocket co incide with the body cool･d inate axes, and the

moment of inertia about X, Y, and Z axes al･eﾉ究尤,ﾉj,y, and IZz (> 0, constant), the body angular

velocities areのx,のy, andのz, the control tol･ques al･eﾉV龍,ﾉVy, andﾉVz ill the body cool･dinate systeln,

and the time is t . Assllme the l･ocket to be a l･igid body. Answel･the fbllowing questions. If any

assumptiolls, variables, or constants al･e needed to answel; defille them befbl･e using.

Question l

Derive the equation of motion fbr the rotational motion (Eulel･ equation) in the body coordinate system

fbr each of the X, Y, and Z axes using the moment of inertia, body angular velocities, and contl･ol

torques. Atmosphel･ic effects al･e not considered hel･e.

Questioll 2

Assummg that the angulal･ velocities and the contl･ol tol･ques al･e ajy=fi)z=0,ﾉVｼｰﾉVZ=0, we considel･ the

spin control around the X axis when the l･ocket flies in the atmosphel･e. AssLImingﾉｼy =jZz=l,and

the angular velocity damping coeificient around the X axis due to atmosphel･ic effects is Cx (> 0,

constant), the equation of motion about the X axis is as fbllows.

晦雛警手cxQ)x=/VX （1）

The target value ofthe angulal･ velocityのx is T, and the deviation is e =γ一のx、

Laplace trallsfbrms of IVX,のx, and T are "(s), W(s), and R(s). Express the tl･ansfer filnction

P(s) ii･om N(s) to W(S) using cx andノxx･

The feedback control according toﾉVx = hpe with proportional gaillﾉcp is applied as the spill

control around the X axis. Draw a block diagram ibl･ this controI system using N(s), W(s),

R(s), P(s),andﾉﾋp And express the trallsfer filnctioll T(s) fi℃m R(S) to W(S) using Xp, Cx

andノxx、

Find the condition of Lp fbl･ this feedback control system to be stable.

It is assumed that Xp satisfies the stabi l ity cond ition ofth is contl･ol system . Fol･ this contl･ol system,

consider a rate fbllowillg colltrol by a step input r(t) = bu(t) as a ta!･get value (I) : positive

collstant, zL(t) : ullit step input). Whell the contl･ol time is suHiciently long, obtain the steady-state

deviation e using the final value theol･em.
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Question 3

Aiter the completion of spin contrOl, the rocl<et escaped fi℃m the atmOSphere at time.t = to a丘er flying

fbr a while. It is "assumed that〃卿6=Nｼ= IVz = 0, and the fblloWing attitude motion (ilutation motion)
was observedafter escapihg the atmosphere.

’擬鯏 ・‘
"s(> 0), "p(> 0),れare all constants. Assume,りy = IZz = I, and I > lX" Atmospheric effects are
not considered here．・・ ，

Expressれbyのs, I, and lXx using the equation of motion derived in 9uestion l .

Assume that the angle (nutation angle) between the angular momentum vector and the X-axis is q

shown in Figure 2 . When the obSel･yed nutation motion isのp= ･0.025のs and QB = 0.2 fad, obtain
／

I//jzr. The approximation tan " - Qr can be used. j
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Pr叩ulsion Engineer加g (Morning)

The pl･inciple of the vibrating stl･ucture gyl･oscope is that when an angular velocity J]z al･ollnd the z-

axis pel･pelldiculal･ to the paper surface is applied to the box as shown in Figure l , the Col･iolis fbl℃e

acting on the two-degl･ee-offi･eedom oscillatol･ in the x - y plane inside the box is detected. Hel･e, the

cool･dinate system is fixed to the box, and its origill is at the centel･ ofthe box. Angulal･ velocity J]z call

be estimated fi･om the amplitude of vibration genel･ated in the orthogonal direction (y-axis) by drivillg

the oscillator with excitation fbrce along the X-axis in Figul･e l . Note that the oscillator can be

considered as a point mass.

Question l

Show the equations of motion of this osci llatol･､Hel･e, use m, Ct, Xi,ハas the oscillatol･ mass, damping

constant, spring constant, and excitation ibrce, 1･espectively・Note that i = x,y, and the same applies

hel･einahel･.

Questioll 2

Rewrite the equatiolls ofmotion fbl- Question

system and the vibrational quality factol･ Qi

l using the natul･al angulal･廿equency (A)i ofthe undamped

=､/7頭/Q
上

Do not llse Ci, h in subsequent answers, LIseのi, Qi instead

Questioll 3

Considel･ the case where

the angu lal･ fi･equencyの

Qz = 0 . In the X-axis equation of motion, find the condition of the Qx alld

when the X-axis vibl･ation takes the maximum amplitude.

Questioll 4

Considel･ the case where an angulal･ velocity Qz is appl ied . Assume that the oscil lator is dl･iven m the

X-axis dil･ection with amplimde Xo and fi･equencyの＝のx as x=Xosin(のxt) where t is time

Solve the y-axis motion equation with /j = 0, and find the relatiollship between the y-axis amplitude

lb and Qz in this case=

Questioll 5

A gyl･oscope that dil･ectly measures the l･otation angle Without numel･ically integrating the angu lal･

velocity is called an integrating gyl･oscope. A Foucault pendulum has a similal･ principle. Considel･ the

l･equ il･ements and operations l･equil･ed when tl･ying to l･eal ize someth ing equivalent with the two-degl･ee-

offi･eedom osci l latol･ as shoWn ill Figul･el.

(Continue on next page)
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Figul･e l Two-degree-offifeedom oscillator ill a box
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