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Applicant of INTERNATIONAL MASTER’S PROGRAM should answer in English on the \Answer Sheet I‘.

M) BEAREY X ENTZBREKERH Y, [UEDIE1%2p, (KEZV, BEZT, = hab—%2SEt45. ZORED
JE103p1, KEED VI, IBENRTIO L ZORRERIRREL LT 5. oL X, UTOMWIEZX XK. 727210, ZOXEKOLE AT
REIZELOT—ELT D, i, WW;TéﬂTwé%ﬁiu%%E%’ﬁwé’kif%ﬁw.Q&J

(@) ZORIEIVIRIBINDSIES —TEDF EIE LIERFENLOIRIE2 L e Dt L, RIS ERE - TD F MBS L TIE 1py DIk
HE L7 DR A E 2 5. 127121, BRI -28 @123 & ICHEFRIE CTH Y, TNENOBRBERICB W TEIRITIZ 5
NDEEITSE L.

a-1 TNENOEFEE, K1Op-VHKE L OT-SHREKICHI < & &bz, REE2, 22 XFirRt.

a-2 WHE2DIRE D%, Ti, p1, Vi, Vo, «®D 9 HXAHEZ2E 0% AW TR,

a-3 WRRE1-2ICBWTRIRICIZ BNDEEQLE, Ti, pi, Vi, Vo, &D 9 BLHMLERH O %W TRE.
a-4 IREE DIRET, Eipy &Y. T, pi, Vi, Vo, xD 9 BB OZHWTRL.

(b) OFIZ, ZTOEVARA MY U FICHENTZBEESIKIC L D EFFRRENO R LY A 7 V52525, [UKIFIZLDHD
K1 D OARIE2 L 720, RIE2DBHRE—ED T E, EpsDIRAEI L 72D, 22T, ps<pi THDH. S HIT, KURITIRAE3 D
WAL 2 C, JRBEI~RD. DL X, UFOMWEz L.

b-1 2O A 7 N Op-VHRKE L OT-SHRXZ XUZHE < & & b, RIE3Z K ITRE.

b-2 REE3DIRETS, [EJips%, Ti, pi, Vi, Vo, «D 9 HEZ2E O % AV TURE.

b-3 WFE2 =3B W TRIKIZIZ BN D EEQx%E, T, pi, Vi, Vo, kD 9 HXLERE O % VTRt
b-4 A 7 NVOEGNEE, Qn, Osn, Ti, pi, Vi, Vo, kD5 BB SO % HWWTERYE.

(I) Anideal gas is enclosed in a piston - cylinder system. The pressure, volume, temperature and entropy of the gas are denoted by p, V, T'and S,
respectively. At State 1, the pressure, volume and temperature of the gas are p1, V1 and 71, respectively. Answer the following questions. Here,
the specific heat ratio of the gas x is independent of temperature. Any other physical quantities not specified in the questions cannot be used
in your answer.

(a) Consider two processes. One is a process where the gas expands at constant pressure from State 1 to State 2 with a volume of 2. The other is
a process where the gas is heated at constant volume from State 1 until the gas becomes State 2’ with a pressure of p>’. Here, both processes 1
—2 and 1—2’ are quasi-static. The amount of the heat added to the gas is equal in both processes.

a-1 Draw these processes on the p-V and 7-S diagrams in Fig. 1. Additionally, show State 2 and State 2’ on the diagrams.
a-2 Express the gas temperature 7> at State 2 using any of 71, p1, V1, V2> and x as needed.

a-3 Express the amount of the heat added to the gas Q1> during the process 1—2 using any of 71, p1, V1, V2 and x as needed.
a-4 Express the gas temperature 72’ and pressure p’ at State 2° using any of 71, p1, Vi1, V2 and k as needed.

(b) Consider a closed cycle consisting of quasi-static processes by this ideal gas in the piston - cylinder system. The gas at State 1 goes to State 2
through a constant pressure process and then to State 3 with a pressure of p3 through a constant volume process. Here, p3< p1. The gas at State
3 returns to State 1 through an adiabatic process.

b-1 Draw the processes of this cycle on the p-V and 7-S diagrams in Fig. 1. Additionally, show State 3 on the diagrams.

b-2 Express the gas temperature 73 and pressure ps3 at State 3 using any of 71, p1, V1, V2 and « as needed.

b-3 Express the amount of the heat added to the gas (0»3 during the process 2—3 using any of 71, p1, V1, V2 and « as needed.
b-4 Express the thermal efficiency of the cycle 7 using any of Q12, 023, T1, p1, V1, V2 and « as needed.
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CApplicant of INTERNATIONAL MASTER’S PROGRAM should answer in English. (Continue your answer on the back of this
IAnswer Sheet I} if necessary.)




M A E+HGC—@

SR8 KR L& LR A E A Rr Bl % 5l B Group A
Entrance Examination for International Master’s Program 2026 Z0 T %% /Thermal Engineering
~ B5 7% 75 /Number

NE AR BEZREIIAARFECHRETHIZ L
Applicants of INTERNATIONAL MASTER’S PROGRAM should answer in English.

[ (1) 2.1 WZATELE D (MDY y 7 MBRE Ta (K)DOZELFIZEBWT, Ao
(rad/s) CHIEL LN HHEIENTWD. v 7 FDOREIRE T KIERFZNZ X -
TEEL, Tt K) > Tuir K)TH D, fHEALOTZD, BT v 7 b OH4L r T51A]
DI D EHIR L, Tir KNI —E LT H. BLFOMWIZEZ L. (25 &)

A shaft with a diameter D (m), as shown in Fig. 2.1, is cooled by rotation at an angular
velocity of @ (rad/s) in air at a temperature of Tair (K). The surface temperature of the shaft
Tsnate (K) varies with time and satisfies Tsnat (K) > Tair (K). Heat is assumed to flow only

in the radial direction 7 of the shaft, and Tair (K) is considered to be constant for simplicity.
Answer the following questions. (25 points)

() ZXROEREZv(mYs)ETDHEE, LA VA RepZ KDL SV, 22T
REFE Z 0D (mfs), KERSZT Y7 MEE Dm)ET 5.
Calculate the Reynolds number Rep for the rotating shaft. The characteristic speed is 2.1 Fig. 2.1
D (m/s), and the characteristic length is the shaft diameter, D (m). The kinetic
viscosity of air is v (m?/s).

QEETHYY 7 FREICBIT D FEEHXENL NENupylL, VA J VAERep & 7T M vEPrz v,

Nu, =0.133Re}’Pr'” & 725 Z ENEIHR TN .
Using the Reynolds number Rep and the Prandtl number P7 it is known that the averaged Nusselt number for the rotating shaft is

given by Nu, =0.133Re2*Pr'"”.

(i)  TT7Y MVEPridn—ED T THARE e (rads) % EiF7- & &, BUYRERL (W/(m> K)DHERIZOWTHERE & & i
i
Discuss how the heat transfer coefficient # (W/(m?-K)) changes and explain the reasons, when the angular velocity w (rad/s)
is increased while keeping the Prandtl number Pr constant.

() ZREEHIEA NENu, B LA AR E T T N AROBEIT B Ol k.

Discuss why the Nu, number is a function of the Rep and the Pr.

(3) ¥ 7 MEAEDN0.03m, ¥t 7 b OBURERE)60 W/(m'K), v 7 i

kR E 22K E DB OBYRERM200 W/ (m> K)D L X, v 7 D T
PREEAERRS L LT ERFICEDINIZY v 7 O EAEKBiZ KD ¢ Tian

K. ROTLEATEBBIORETSZZEL, v 7 ML b BT
ZEKUCE D £ TONARrIT B E 53 A7 OB & Topar 228 5 £ 9 1T
227 ZHE T

When the shaft diameter D is 0.03 m, the thermal conductivity of the shaft & T,
is 60 W/(m-K), and the convective heat-transfer coefficient between the shaft
surface and air 4 is 200 W/(m?*-K), determine the Biot number of the shaft 0 R r
placed in air. The characteristic length is defined by the shaft radius. In
addition, sketch in Fig. 2.2 a schematic radial temperature distribution from
the center of the shaft to the ambient air sufficiently far from the shaft surface 22 Fig2.2
passing through Tshat by considering the magnitude of the calculated Biot

v

number.
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