2023

FHRORT: KPR L5RMIER AL

EMFREL HERRE

F3# (RR)

202248 A 31 H (k)

3 IK§fHE (9:00~12:00)

THE UNIVERSITY OF TOKYO
Graduate School of Engineering
Department of Architecture

QUESTION BOOKLET
on
The 2023 Master/Doctor Course Examination
of
Special Subject II, Group No. 3
(Environmental Engineering)

Date and Time of the Examination

From 9:00 to 12:00
On Wednesday, August 31, 2022



(ZOX=VIZIIMbH Y £ AL)
(This page is intentionally blank.)



(ZOX=VIZIIMbH Y £ AL)
(This page is intentionally blank.)



(ZOX=VIZIIMbH Y £ AL)
(This page is intentionally blank.)



[FER& 1] .~ [Problem 1]

HEIZBIT D 7EK - BREICET 2L TORM TN TICE R L, BEEZEZ 256121, 2O EERE
gl &, ZEROENIIE 1000 J/(kg - K), EMEEIZIZ 9.8 m/s2 WD Z &,

Answer all of the following questions concerning architectural air and thermal environment. When you answer

numerical values, show their calculation processes. Use 1000 J/(kg - K) for air specific heat and 9.8 m/s? for

gravitational acceleration.
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WERDO BB E 2 23 BE& LT, bk 35 B - B3GR 135 EOMAIZB T o, FoKoy - £AE - 25
ZNEND 1 RICEIT 2 RKEOEE %2, KO T EE, BoOH/HOAROITA AR L OBIHREZ]
ZVT, 200 SCFRREE T Ko HAMITER A 0, HRAZ-90 E, HiEa+90 LT 5,
PIRFAEIT B R L7220,

Assuming the tilt of earth’s axis is 23 deg, explain solar movement in days of equinox, winter solstice, summer
solstice at the point of north latitude 35 deg and east longitude 135 deg in about 120 words, using culmination
altitude, azimuth of sunrise / sunset, and local time. The azimuth of due south is 0 deg, of due east is -90 deg,

and of due west is +90 deg. Ignore equation of time.

PMV (TRIFESIRAEHRE) (220 T, ARMIo 2 B5RB LOENEREM O 4 R, PPD (THIR
RER) BRLO AN & SN HHFPHICE K L2 b, 200 SO+ THAE X,
Explain PMV (Predicted Mean Vote) in about 120 words, referring to 2 factors of human body, 4 factors of

indoor environment, PPD (Predicted Percentage of Dissatisfied), and general comfort thermal zone.

EREOBTUCEA L, MNERHRE LU =3 X =3 ROV T, COREE, BRI, i
R BAVAEGT, BUSHRICE R L7223 5. 200 SCTRREE CREDIE X
On room ventilation, explain necessary ventilation rate and energy saving measures in about 120 words,

referring to CO concentration, wind cross ventilation, mechanical ventilation, heat load, and heat exchange.

HARDEEIZRIT DBEADBIZOW T, S EETT (Us ME[W/(m? « K)]) OECERAZOL:
BRAETR L7273 b 200 SCFREEE CRlAE o, BEWE = RIEICB 1T 5 6 il (/e &) 2 fE L,
BAHOEBAETE L TDH L,

Explain the transition of Japanese housing thermal insulation in about 120 words, showing the value of
envelope average heat transfer coefficient (Ua value [W/(m? - K)]) and element specifications. Assume Region

6 (Tokyo etc.) in the building energy code and refer up to the latest trends.

ZHNTI T D BERANREER DR, I Z O AT 2 HIEICOV T, 200 SCFRE TRl &,

Explain the cause of condensation inside walls in winter and its prevention methods in about 120 words.



(6) Fig. 1-1 2B 2BEUC X A& Q [m¥s] &R &, Tz, K& Q ZHCT 7 DIZ R e 51k
% 100 CFFEE TR L, EROBE T p=12kgm? & L, FHROMEITIL Fig. 12 #H\5 =
L,
Calculate the wind cross ventilation rate O [m?/s] in Fig. 1-1. Also, show effective methods to increase

ventilation rate Q in about 60 words. Assume air density p = 1.2 kg/m? and use Fig. 1-2 for square root values.

S}EBEE Outside wind velocity v =2 m/s

8
7
—_— —_— :f 6
> 5]
0 [m/s] g”
S 4
ALBIoREOE ETFERIOBEOE % 3
Wind-side opening Lee-side opening 32 /
A4,=30m? A,=05m? o |/
a;=0.7 =07 1 (
,=0.
C,=05 A,/A,:O@EFE Opening area C,=-0.4 0
a;/ o, : REHRE Flow coefficient 0 10 20 30 40 50
C,/ C,: REfR# Wind pressure coefficient X
Fig. 1-1 Fig. 1-2

(7) Fig. 1-3 [RTEFARIBICOW T, R FIC L A HEE Q[m¥s] &R L, FI-RNERIEE & HE
FFT 2 DIC B2 BE Hpwa [KW]ZE Z K, 1BEE 0 [CCIOZERDEE p [kg/m?]iX 353.25/(0 + 273.15)
&L, EHROMEIZIE Fig. 12 #0252 L, BEICLD2ZEXORBELIIEZETT. 0 DEHIC
BWTITEAEROREIZR T 5 22KEE 2 AT X,

In the steady state shown in Fig. 1-3, calculate the stack effect ventilation rate Q [m?/s]. Also, calculate the
necessary heat Hj,q. [kW] to maintain indoor air temperature. Assume air density p [kg/m?®] at temperature 6
[°C] is 353.25/(0 + 273.15), and use Fig. 1-2 for square root values. Ignore air volume change caused by

temperature, and use air density at the outdoor air temperature in calculating Q.

BN EREE A,/ A,: BAOM®FE Opening area
Outside air temperature @,/ a, : = HE Flow coefficient 3 H{{8IFA O &7
0°C Outlet opening
0 [m¥/s] A,=0.4 m?
a,=0.6
o g YT A& B A N

FARIBACED ENZERRE - FOHOBES

Inlet opening Inside air temperature * Height gap between Openings

A;=0.5m? 20°C » 5m

a;=0.6 > v

0 [m’/s]
Fig. 1-3
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Fig. 1-4 OBERIZOWNW T, BAEFER Upar [W/(m? » K)E2E 2 K, £72. PWIMEEZEN 20 K T—ED
BRI 2 AL S 72 0 OBVE R H[W/m2 %KD L,

For the wall shown in Fig. 1-4, calculate the over-all heat transfer coefficient Uy [W/(m? = K)]. Also, calculate
the heat transition flow rate per unit area H;[W/m?] when temperature difference between indoor and outdoor

is stably 20 K.

ENAD R EEBMGZESR ERADOHREEBRESR
Outside total heat transfer coefficient Inside total heat transfer coefficient
=g ZHERE JSR9—IL BER—F
Plywood Sealed air layer Glass wool Gypsum board
d;=0.01 m R,=0.09 d,=0.1m d;=0.01 m
A,=0.1 W/(m=K) (m2-K)/W 2,=10.040 W/(m-K) A;=0.20 W/(m*K)

d,;/d,/d;: JBE Thickness
Ayl 2y ] Ay BMEEER Thermal Conductivity
R, : B\ Thermal Resistance

Fig. 1-4

ZERIRLEE 35 )CORIMIIE T DBEIC OV T, AS 2 A STRIE 700 W/im?, ARG &4 100 W/m? &
T 5, MAEBMRESR 23 W/(m? « K), HHEIER 0.8, REEBEHR 0.9 OHEICET 5, BEREO
SAT (FHYAMKUREE) [CClaBE &, £72 SAT #IKF S ¥ 2 DI R FiEE 100 SCFFREE TR
/5 R

For a wall facing outdoors with air temperature of 35 °C, incident solar radiation is 700 W/m? and nocturnal
radiation is 100 W/m?. Answer SAT (sol-air temperature) [°C] of the wall surface, when total heat transfer
coefficient is 23 W/(m? - K), solar absorption ratio is 0.8, and longwave emissivity is 0.9. Also, explain effective

methods to decrease SAT in about 60 words.

(10) AAXIREE 0 COLGAEITTB T, A BB TR (UA ) 0.60 W/(m? + K), #MEZiEFE 300 m2, #15

210 m¥h, PNERFERL 1000 W OBEICIS T 5 HAREIR 0, [°Cla R0 L, £z, =i & 24 °CITHER
T 5 DI B IRBBANT Hipaa [W] % 3RO K, ZERDESE p = 1.2 kg/m®, 2T O OIRFEZAEIT 1
LT 5, IWRLHHNBOEEIIBRE L 720,

When outside air temperature is 0 °C, for a building with envelope average heat transfer coefficient (Ua value)
of 0.60 W/(m? + K), envelope area of 300 m?, ventilation rate of 210 m?/h, and interior heat gain of 1000 W,
calculate the natural inside air temperature 6, [°C]. Also, calculate the necessary heat load Hjua [W] to keep
indoor air temperature to 24 °C. Assume air density p = 1.2 kg/m? and temperature difference coefficient of

each part is 1. Ignore effects of air leak and solar radiation.



[F%& 2] .~ [Problem 2]

I - MRERBER X OEREEICET 2 LU FORMIC TR TE X L, FHEMBEICBW TR, B2 O8MEZ1T T
<, FOEBEAERT L, FHREICEE L, MJEHIE 3,14, logio2 =03, logii3=0.5 & X,

Answer all of the following questions concerning light and visual environment and sound environment. On the

calculation questions, show not only numerical values of the answers but also processes of the calculations. Let the

circular constant 3.14, logi02 = 0.3, and log103 = 0.5.

(1) B &I T 2 U FORMICEZ X,

1)

2)

3)

4)

5)

Answer the following questions regarding color and light.

XYZ F5% &~ B AROROE NE 100 TREE TR X,

State the difference between XYZ colorimetric system and Munsell color system in about 60 words.

BOHEBRNR &0, £z, AOEBRIRZ ZE LT, AEXFHI B W THEE TN & FMI ),
i % Gt T 100 FHRRE TR &
What is the area effect of color? Also, what should be noted in color design in consideration of the area effect

of color? Describe both in about 60 words in total.

BOtROERRZES, ZoOBE ERATBN DB TOERMIZETNITOWVTHALZ & O THIR
NEA
Write the definition formula for calculating daylight factor. At that time, specify all of the quantities that appear

in the definition formula, including their units.

POECRRGTOFEIE L LT, BARE TIZAR <, BXERPAW OB 2 BOCEIR ORI & Bt
7T, 100 FREEE Tk X
State the reason why daylight factor is used as index of daylighting design instead of indoor illuminance, in

relation to the characteristics of daylight source, in about 60 words.

BICDH TR EENE 2 MR TE 2 TIRME & L THEELRPED b T\ D, BRI
¥k 20T, T OUERITHT 2 SEHERDERORE &= F (T

Recommended daylight factor is provided as the lower limit that ensures appropriate visual performance only
with daylight. Pick up two specific visual tasks and show the numerical values of the recommended daylight

factor for these visual tasks.



(2) Fig. 2-1 ® X 51T, 1§ 2d [m]. BATX 2d [m]

1)

2)

3)

DEDKEPIICEIL P 285, P O St 4
o B E d+ a2 [m]ORARE 6 a [m]. H a al| ]
[m]DZE A A3, AKFHERE d [m]. %S d [m]O 3
{BET 11ZHE o [m], BEa [m]DZEB 2Rb 25, |
BORE I|IHEM, IR, BARMEIZHE AT/ 2d P
&<, d>a LEETED LT D, 2ok L |4
=, FOMWIEZ XL, e

As shown in Fig. 2-1, an illumination point P is 2d

Window

(o]

. Fig. 2-1
positioned on the center of the floor of the room

with a width of 2d [m] and a depth of 2d [m], and rectangle windows A and B having dimensions of a [m] X a
[m] are positioned on the roof surface with a height of d + a/2 [m] directly above P and on the side wall with
distance d [m] from P and with the height of d [m] from the floor. The sizes of the windows are small compared

to the wall, the floor, and the roof, and d >> a can be assumed. Then, answer the following questions.

Fig.2-2 D X 912, Kl LD O 12X LT,

I/ o [rad)DJ5 7 CTEERE » [m]OAZEIZ /N
H AS (MmO Q BV, i Q DIEMRIE, Q
MmH O IZEDHRT MITx L TARE B [rad]
ENTWD & & O ICBITHIE Q DKM
SR UZAS, r. o, BERNTHRYE,

As shown in Fig. 2-2, a surface Q with the small

area A4S [m?] is positioned at a distance » [m] from

a point O on a horizontal plane in the direction of

the elevation angle a [rad]. The normal of the Fig. 2-2
surface Q is tilted by an angle f [rad] with respect
to the vector from Q to O. Then, express the configuration factor U of the surface Q at O using 4S5, 7, a, and .

Fig. 2-1 IZBWTC, ZHEPIZBIT LA, HB OVEKARNEL a, d ZHWTRYE,
On Fig. 2-1, express the configuration factors of the windows A and B at the illumination point P, respectively,

using @ and d.

ZERRFE NIRRT, ZOEOFFEICEY), I FEEE T, B A, BB BN E HITEEFE 0.9, R5F
0.8, BHOHEBAE 075 DFER LT T AETHL LT D, d=3m, a=06m THDHLE, HA
BLORBICR D E#HBIHEEZENENHEE L,

It is assumed that the sky luminance is uniform, there are no buildings or objects around this room, and both
windows A and B are transparent glass windows with a transmittance of 0.9, a maintenance factor of 0.8, and
an effective opening area ratio of 0.75. When d = 3 m and a = 0.6 m, calculate the direct daylight factors by

windows A and B, respectively.
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(4)

BT 2L ORMIZE 2 X,

Answer the following questions regarding sound.

B SN2 F OB EDFEDEN pe[Pa]D & &, ZOFEDEEL VL [AB)1E 52 2 X aFET, 7272
L. RHESEZ po[PalE T 5,
When the effective sound pressure of the observed sound is p. [Pa], write the formula that gives the sound

pressure level L, [dB] of this sound. Here, reference sound pressure is po [Pa].

DIZBWT, po=2x10°Pa TH D, B SN EOHFEFENEN 03PaDE &, ZOFEDFELN
)V L, [dB] %t X,
In 1), po = 2 x 1073 Pa. When the effective sound pressure of the observed sound is 0.3 Pa, calculate the sound

pressure level L, [dB] of this sound.

TSR 58 & AR IER R OE % 100 THEE THAE X,
Explain differences between normal incidence absorption coefficient and reverberant sound absorption

coefficient in about 60 words.

ZAEWEMIZONT, BRM ekt 2 — 2R Lz BT ME ORI, 36 X O ERHEO R Z 100
TR TR X,
On porous sound absorbing material, show a specific material and explain the principle of the absorption and

the features of the sound absorption characteristics in about 60 words.

Fig. 2-3 D L 912, KA Vi EICBERER A EEB 23h 5, BREF A &= B OFEEHT 10
m Tbhb, EBDOEREIR A MOIEEC L, Fig.2-4 DX 512, HifE 8m?, FEHIEMIEL 30dB DEE
D Lififg4m?, EEEHEALK 20dB DB E PO D, % B QN EF AL 12m* THDH, EBIZ
13, SMBE C DHBIMRERE MZA L, LB, I L ORESDHEEN SR AT D5 I3/ S <
RTExn, ZoLE, TROKRMICEZ X,

As shown in Fig. 2-3, there are noise source A and room B on a flat reflective ground. The distance from the
noise source A to room B is 10 m. The outer wall C of room B on the source side consists of a wall D with an
area of 8 m? and an acoustic transmission loss of 30 dB, and a window E with an area of 4 m? and an acoustic
transmission loss of 20 dB, as shown in Fig. 2-4. The equivalent sound absorption area of room B is 12 m?.
External noise enters room B only through the outer wall C, and the noise entering from the upper, side, and

rear walls are negligible. Then, answer the following questions.

Outer wag Wall D
) Room B R=30dB, S=8 m?
Nmse;ource =10m 4=12 m? Window E
R=20dB, S=4m?

Reflective ground

Fig. 2-3 Fig. 2-4

10
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2)

3)

4)

BEEIR A DM 2m O CTEELVEFHIIL72& 24, MEMEA 90dB &g o7z, BEIRA %
IERRMERERE Lo SOFEAY —L-ULzitReE &, WEICBW T, BERA 225 10 m #
N2 B O O EITER TE | BER A OFFICIIMm L = B UADOKIMITRNE D LT
%,

Measured sound pressure level at a point 2 m distant from the noise source A was 90 dB. Then, calculate the
sound power level of the noise source A assuming that it is omni-directional. In the measurement, reflected
sound from the room B 10 m away from the noise source A can be ignored, and there are no reflective objects

other than the ground and the room B around the noise source A.

HMEE C OB ZBAKREZ R R X

Calculate the weighted mean sound transmission loss of the outer wall C.

DDOBEEIE A DFIFITIBNT, FME C 2 L T=E B NIRAT BT OENEEEEL L%,
E B NBERILHE S Th 2 L RE L CiHEE K.
Calculate the averaged sound pressure level in the room B by the noise entering through the outer wall C,

assuming the perfectly diffuse sound field inside the room B, under the condition of the noise source A in 1).

BEEXIROI 0, BT A LB B ORICEEFEELZR T I2L 25, BER A > HIEFEEED L 2%

HI L CHME CICEET DBR SRR R 1lm L7207z, 2D & X, 5S00Hz B LU 1 kHz I[ZH1F 5
S B N TORFILENENTT VUK T 5 0>, Fig. 2-5 (2R 7, FEEEIC X D EMEICB 3 55T
By — REFIHALCRD X, FHIE333ms & X,
When a noise barrier is installed between the noise source A and room B for the aim of noise reduction, a length
of diffraction path from the noise source A to the outer wall C via a top edge of the barrier becomes 11 m. Then,
how many decibels does the noise level inside room B decrease at 500 Hz and 1 kHz? Answer the noise

reduction in dB using the calculation chart on sound attenuation by a barrier shown in Fig. 2-5. Let the speed
of sound 333 m/s.

30 —
e
=25 |
2 I A "R
'S 201 D SRR e
= ] e
gis) S de i as ILERSETY
lav] i o A A 11
= 1 .4 I L 25
g 10 A | YT
S0 s vaelenen
S 720 0 S
<
4
0‘

?wo‘gp4eq 2 4 68]0 20 40
Fresnel number N=2J/4
Fig. 2-5
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[F5%& 3] .~ [Problem 3]

HBEBHIZEIT DU T OTRTORMICHONWTER K, Il ROBHPLHEEOR IOV TEZ D
LR SYUU N R TN
Answer all of the following questions regarding building services. On the derivation of equations and the calculation

of numerical values, the processes should also be described.

(1) HHHWENEHRROTT 2 THESNTHS (Fig. 3-1), LLFORWMIE 2 X,

A room is cooled by an air-cooling type air-conditioner (Fig. 3-1). Answer the following questions.

1) Fig. 3-21%E V =X EiCRIT 5 Fig.3-1 DT a OBy A 7 VvERLTCW5D, Fig.3-2D a, b,
¢, d ZHWT, ZOxZT 2 OEMEERICHEIT 2MERREBOZENEZ x>y DX TR,
Fig. 3-2 shows the refrigeration cycle on a Mollier diagram of the air-conditioner in Fig. 3-1. Show the change

of the refrigerant state in the condenser of this air-conditioner as x — y using a, b, c,and d in Fig. 3-2.

2) ZOxT arOpkiEfREk (COP) #% Fig.3-2 DT Z )L —h,(= hy), he, hy TEH,
Express the Coefficient of Performance (COP) of this air-conditioner using the specific enthalpies of

he(= hy), h., and hy in Fig. 3-2.

3) —IAMKUREME T35 & COP M L7 25, ZOBMZTT 2 ZB T 2mmt A 7 V0%
(ZHEDNT 50 FRRE THME L,
In general, COP improves as outdoor air temperature decreases. Describe its reason with about 30 words based

on changes of a refrigeration cycle in an air-conditioner.

T
= a
=R =
Ek Room o
e ( Indoor air ;
R 8
Aig T7avERE o
Pipe for refrigerant Indoor unit of air-conditioner ‘

"a 6> %

Outdoor air

~—t

I 7R —

Outdoor unit of air conditioner hq (= hy) he hq
kkxoaI)LE—
Specific enthalpy h[kJ/kg]

v

Fig. 3-1 Fig. 3-2
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(2) Fig. 3-3 [FAIR(1)D Fig. 3-1 IZBT 2 EER (¢ =10~16 FF) DOAVKIRE 0,,[°C] (Fig.3-3 LB &

1)

2)

i 0;,[°C] (Fig.3-3 TE) OZELERLTWD, & TORZNIIBWTHERF IS EFIRIED K Y Lo
b L L, WEORMAE LAZIERF T, SR ZOER L EED 2 SOER 6;,[°Cl. 0/[°C] Z&
T, FILOBREZ R T b0 LD, Thbb BT 10 G BRSNS 5E. 10 REOER
0710 1FHEY 72 < 10 BRHOIWERTO HARIREZ R L, 10 FFORIE 6, 3RV 72< 10 BHTTOE
BOWBEREOEIR 26 °CH R T, FRANB VT, TR 0;, ITxTHWFEAMN QW] HDWIE=E
W07 | 60f \THT AMEAR Q7 [W]. QF[W] BDROXTHZ bhd L & ULTOMWICE R K.

Fig. 3-3 shows the changes of the outdoor air temperature 8, .[°C] (the upper part of Fig. 3-3) and the indoor
air temperature 6;.[°C] (the lower part of Fig. 3-3) during the cooling time (¢ =10:00 to 16:00) in Fig. 3-1 of
the previous question (1). It is assumed that instantaneous steady states hold at all times, and at the start time
and the stop time of the cooling, two indoor air temperatures 6;,[°C], 6;;[°C] immediately before and after
the relevant time are set to represent the jump of the indoor air temperature. Namely, for example, if the cooling
starts at 10:00, the indoor air temperature 6;;, at 10:00 represents the natural indoor air temperature
immediately before 10:00, and the indoor air temperature 6;7, at 10:00 represents the indoor air temperature
26 °C of the cooling time immediately after 10:00, as close to 10:00 as possible. At each time, if the cooling
load Q.[W] for the indoor air temperature 6;, or the cooling loads Q; [W], QF [W] for the indoor air

temperature 6;,, 6, are given by the following equations, answer the questions below.

ReZI 25, MBERETRTC. B TBAAGE £ 7213451k DSt o & =
When the time is during the cooling time and not “at the start or the stop” of the cooling,
Q¢ = A(eo,t - ei,t)
KeZI 23, B O [BIARFE 7213 LK) o & &
When the time is “at the start or the stop” of the cooling,
Qi =A(05¢ — 0ir)
Qf = A(ez:r,t - QiJ,rt) + B(giTt - 9;,}
ZIT, ABLD B iF, BOBWRMHARTEREL, WTILbEEET 5D,
Here, A and B are constants representing the thermal characteristics of the room, both of which are positive

values.

Fig. 3-3 O OANRIRE &L BIEOHEIEZ AWT, 128D L X DRFEAR Qp[W] L=7 a0
B ER[W] 22t TcEE, Z0OLEDZTaDCOP % COP,=a (a>0) 15,
Using the values of the outdoor air temperature and the indoor air temperature in Fig. 3-3, express the cooling
load Q4;[W] and the electric power of the air-conditioner E;,[W] at 12:00 by the formulae respectively. Here,
the COP of the air-conditioner at this time is COP;; = a (a > 0).

R2EFCmEZEIE L, 14 RHCHOWE (iR 67, =26°C) ZBaT 2 &, S|IRA(LL Fig.3-3 T
BObD LRS- bDICRD, ZOGREO 2ROBEEILEHOEIR 6, # A THYE,

If the cooling is stopped at 12:00 and started again at 14:00 (indoor air temperature 8;%, =26 °C), the change
of the indoor air temperature becomes different from ones shown in the lower part of Fig. 3-3. In this case,

express the indoor air temperature 9;_'12 immediately after 12:00 when the cooling is stopped by a formula.

13



3)

4)

&, 35°C
o | i | i
S I : i
® : ! :
g a = -
il £ : ! ! ]
od = &R E Outdoor air temp. 6, i
i ! ! ! B
; i i E "~ Time
O | | 6.
2 : 208 i
5 ; =& Indoor air temp. 6;,
® ! ! !
@ 010} H H
o | , :
Mg : :
78 = : : 0;,5=26°C
> | Py
16;1,=26°C 1 26°C 1 26°C !
! i ! ! il
10 12 14 16 Time
Fig. 3-3

Fig.3-3 D 10~16 Ki D] O =T 2 o D KIEEE S P (W] 1L 12 KEOHEEE I Th o7, 12 FRZ
%%%mb\mﬁmﬁ@%%(iﬁwﬂ4=%%ﬁ%%%Lt&%au4ﬁ@m%$ﬁﬁﬂ[]#\
BKHBEENPEBZIIRNTDDOERMEE A L B TR, 72720, 12 FEOHERAT - Bk, 14 FFOMH
E%DOTT 2D COP % COP;, =COP, =a . COP, =COP},=12%xa LT %,

The maximum electric power P;[W] of the air-conditioner between 10:00 to 16:00 in Fig. 3-3 is the electric
power at 12:00. Using A and B, express the condition for the electric power Ef, [W] at 14:00 when the
cooling is stopped at 12:00 and started again at 14:00 (indoor air temperature 9;_'14 =26 °C) not to exceed the
maximum electric power P;. Here, the COPs of the air-conditioner immediately before and after 12:00 and

ones before and after 14:00 are COP;, = COP;;, = a, COP, = COP}, = 1.2 X a, respectively.

BRI O ECCHEFRET RN X —HAJLRDIZ0IT, FREMB TR F = 2T LI L
<& @%N&—V%WMéﬁéz&%*k:?vvax$yx&w9ﬁ T RLAKRVA
%I T DBICTREAI TR LRI IEZR B0 2 & & 50 SCFRRE Tk

It is generally called “Demand Response” when the demand side controls the energy system and changes the
electric power demand patterns in order to stabilize electric power grids and to expand introduction of
renewable energy. Describe what the demand side must pay attention to when implementing “Demand

Response” in about 30 words.

14



(3) Fig.3-4 OZEF T AT L (iAW) (\ZB1T DT ED =T 7 4 V2 DB CAFRIZOWNT, LA DM

1)

2)

3)

VMZE X X
Answer the following questions about the dust removal rate of the air filter built into the air handling unit in

the air-conditioning system (simplified in some parts) shown in Fig. 3-4.

FENTHRER CAPEELTND LT D, ENCHRABIORET M LARLEEALLIET D
B CABEDNRT U ANE, =T 7 4 VZDREAE n[%] 2RO D552/, 22T AA5HCA
R Coa[mg/mi], BN UAE Clmg/m®], BN¥ CAE Gmgh], M5B AR Qoa[mi/h]. EX
i Qga[m’hl & T %,

Assume airborne dust is being generated in the room. Express the equation to determine the dust removal rate
n[%] of the air filter from the balance between the amount of the dust flowing into and generated in the room
and the amount of the dust flowing out of the room. Here, C,4[mg/m?] is the outdoor air dust concentration,
C[mg/m?] the indoor air dust concentration, G[mg/h] the indoor dust generation, Q,4[m3/h] the outdoor air

volume and Qg4[m?/h] the return air volume.

AR DOFEIZIBNT, Cos = 0.05 mg/m?, G =500 mg/h, Qpa = 2000 m3/h, Qrs = 3000 m¥h D &
X, C=020mgm’ Tholo, HANCT, HARDEEY BRI A HEMEIZI T 2= CARED
R Z A Z K. WRIC, TOEEEAIET T 2120E, =7 7 4 AV Z OB CAREZMEFICTIUZ I
Do NEURLL T 2R AL, BHTE R X,
For the room in the previous question 1), when Cy4 = 0.05 mg/m3, G = 500 mg/h, Qp, = 2000 m*/h, and
Qra =3000m’h, C was 0.20 mg/m>. Firstly, answer the standard value for the indoor air dust concentration
in the Standard for Building Environment and Health Controls of Japan. Next, to comply with the standard
value, what should the dust removal rate of the air filter be multiplied by? Answer it in integers, rounding to

the nearest whole number.

A 2)DC =020 mgm* D E X DT 7 4 NFZDRUAREZDEEIZL T, BN CAREDH
BEEZIET 21203, AREARLZHINSE L LERH D, BREITE L2V D E LT, AR
BARZ WS BLLEICT U I W, BUEA2% 2 L

To comply with the standard value of the indoor air dust concentration while the dust removal rate of the air
filter at the case of C = 0.20 mg/m? in the previous question 2) is not changed, the outdoor air volume must
be increased. Assuming that the return air volume is not changed, how much more should the outdoor air

volume be? Answer the value.

HNREAE R
ne Outdoor air volume, Qo4 Air handling unit =
Outdoor air :> = =P
: H :"> Supply air Room
fAEMLA EF BR %dlﬁf é:uglt%eneration G
QOutdoor air dust density, C, f ’
Y, Coa Return air IF7I4LA
- Air filter
BAR BLAE = L ARE * @
eturn air volume, Qg4 Dust removal rate, n Indoor air dust density, C %
BS = &= !
Exhaust air
Fig. 3-4
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(4) Fig.3-5 DZEGH T AT L (—HEMK) 128V T, BE =R 26 °CIZEIRDIMFIRE CTREFRF S TB 0 |

1)

2)

MHOBGITETEB LTV bO LT 5, 4, REERZ 28 CICEHE LIz, LLTOMWNIE X
o

In the air-conditioning system (simplified in some parts) shown in Fig. 3-5, the room air temperature is
maintained at the setpoint value of 26 °C in the cooling state, and all devices in Fig. 3-5 are in operation. Now,

the setpoint value is changed to 28 °C. Answer the following questions.

ROONSDOOLEL, FERMEZ 28 °CICEE LI2&IZ, — R BEIHIENC & > TET 2885
EZ L T D, [ IRICE T E 2R HGEZ] INOF T L L HITEX X,

The following sentences of (D to @ describe the behavior of the devices that occur by general automatic
controls after the setpoint value is changed to 28 °C. Answer an appropriate term that applies to the [ ] along

with the number inthe [ ].

WHEAWMPD LI Z E2Rm LT, [1]2=y FO[2]DOBEN NS <225,

Detecting that the cooling load has decreased, the opening degree of the [ 2 ] in the [ 1 ] unit decreases.
OQZEMAMLT, [31OBEINNSL 2D, [4]OHAEKIRE (SHKIRE) »&<id,
Detecting (D, the opening degree of the [ 3 ] becomes smaller and the outlet air temperature (= supply air
temperature) of the [ 4 ] becomes higher.
O03fE L TN D T & Mk LT, 27 7
YO[51NEL 78D,

Detecting that (D is continuing, the [ 5 ] of the fan

in the air handling unit becomes smaller.

@IZ L > TREND[6IREL oo TNDH Z &
ERREILCL WK AR T OLS (HiTH) 1430
<%,

Detecting that [ 6 ] in the pipe is getting higher by

@), the [ 5 (same as above) | of the secondary pumps

for the cold water becomes smaller.

AT DO@IZHETHE L D EIEE 2 o
J X IXXX oA () 2L T YYY
D 7222 BN EL (R&EL) 8Db) Lvno k)
REFEEXHTEZDZ L,

List two behaviors of the devices that occur

following @ in the previous question 1). Answer
them by writing way such as “Detecting the . . 5‘“" |
decrease (increase) of the XXX, ZZZ of YYY

becomes smaller (larger)”.
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(5) Fig. 3-6 DFFAKBFIZONWT, LLFORMWIZEZ L, BAROKIZA S0 B BOFRIZHIILTND b

1)

2)

DETD,
Answer the following questions for the supply water pipe shown in Fig. 3-6. The water in the pipe is flowing

in the direction from the point of A to the point of B.

A FSOFRE Py[Pal. FEiEH Vy[m/s]. & Zy[m]. B SOEE Pg[Pa], i Vg[m/s]. S Zg[m]. AB
B OBVE OFEJIHK AP[Pal, KO plkg/m?], EIMEE glm/s?] & Lo & &, - X —A OFE
HUCEASW A i E B ROBRZR T =L F—REFEOXERKE,

P4[Pa] is the static pressure, V,[m/s] the water flow velocity and Z4[m] the height at the point of A, and
Pg[Pa] is the static pressure, Vg[m/s] the water flow velocity and Zg[m] the height at the point of B. AP[Pa]
is the pressure drop in the pipe between the points of A and B, p[kg/m?] the density of water and g[m/s?] the
acceleration of gravity. Express a formula of energy conservation representing the relationship between the

points of A and B based on Bernoulli’s theorem.

B ROFHEN A ROFEL D H/hS< 2B ed D AR E B AOKFES MO R Lim]o 54
o, 72720, Py =100kPa, Z, =5m, Zg=2m, p =1000kg/m?>, g =10m/s2 & L, EIEPNE
LEATERIE—E, BHE 1 m b2V OREOENEK 1 kPa/m, #7230 - fEF - PEFEO RO
LERITFERD 100% &35,

Express a conditional formula for the horizontal distance L[m] between the points A and B so that the static
pressure at the point of B is not less than ones at the point of A. Here, P4, = 100kPa, Z, =5m, Zg =2 m,
p = 1000 kg/m* and g = 10 m/s?, and the inner diameter of the pipe and the water flow velocity in the pipe
are constant, the pressure drop in the pipe per 1 m of a straight pipe is 1 kPa/m, and the equivalent pipe length

for the whole of bends, joints, valves, etc. is 100 % of the actual pipe length.

5m
i B
i L 3
| ;
i 2m
v v ~~ FL
- L[m] ---------- >
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PLFORIWCE 2 X,

Answer the following questions.

MIARRHICBE T 2 ROFLED 5> H, RELLb D2 SOFFEEZL L,

Identify the two numbers that are not appropriate among the following descriptions regarding lighting systems.

FEHEK « BEEE ST D2 RDOELED 5 H, FELRED 2 SOFTEEZL,

Identify the two numbers that are not appropriate among the following descriptions regarding water supply,

drainage and vent systems.




3) ARHRIGICEAT2RDOFELERD 5> 6, NS b D2 DDOFFEEZ K
Identify the two numbers that are not appropriate among the following descriptions regarding hot water supply

systems.

4y WEERE (m L _—%) ICETAROTBRD S B, RE4Rb 02 >OFFEEZ L,

Identify the two numbers that are not appropriate among the following descriptions regarding transport systems

(elevators).




5) MEFFEBICBT 2ROFLERD I B, R4 b D2 >OFEEEZ K,

Identify the two numbers that are not appropriate among the following descriptions regarding maintenance.




(ZOX=VIZIEIMbH Y EHAL)
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JEFEEIE [Attention]

AEROBIE DGR H 5 £ TlE, MEMFZBW TR TUIWT EE A, EERZHM - BRI S
ALTEWT EFEA, RBRBHGOGRNH 5 E T, LTOEEFHEL LSHATTIIN,
You must NOT open this problem booklet or write anything down on the sheets before the start sign of the examination.

Read the following directions carefully.

1. B &5 boid, M- 1 M, FRAME 3K, FRAK3K T, £9. Lo bormiEn2<
B SNTWD I EZMENPDOTTEEV, L, ISR TV EDIZEAERH LG EITIE, FazT
THRBREE DR RICIE-> TRV,

One problem booklet, three answer sheets, and three draft sheets are distributed. First, ascertain that these things are
distributed. In the case of either too many or too few, raise your hand and follow the directions of the proctor.

2. WBBBOEKOK, £7. ST XTOERHMOPTE OMIZZIRE T L LA LR S0, BRI,
BR, ZRE SISO, RADFHETE DL I RLF, LEFELLATILERKLRD ET,

Write down your examination registration number in the designated box on all the answer sheets after the start signal
of the examination. Note that you will be disqualified, if some characters or symbols which can indicate your name
are written down, except for the examination registration number and answers.

3. BB OAMO%, AN Z#ENO TFE W, gL, K- BEREE GO T4 HTY, BT
D& D56 o 2 WITHIRIA AR Z255101F, T2 GRRETE S OFFRIZIE> TS Z S0,
Ascertain this problem booklet after the start signal of the examination. This problem booklet has 24 pages including
the cover and back cover. Raise your hand and follow the directions of the proctor, if there is a missing page or when
printing is unclear.

4. MBIIEHT3MbY £9., BMEME LS, BRI BERMIROPTEOMIZIEER S EZTA L,

ERAMIRCIMTOME LSV, £ LTHREVRWEAITIR., MEITERINEOEm AL L
THNEVETA, 22, BEEEAEHTL25E8I1CE,. ROEOL TO (HEIZHLS) IF =y 7 il
ALV,
There are three problems: Answer all problems in the examination. Write down each problem number in the
designated box on each answer sheet. Use each specified answer sheet for each problem. You may use the back side
of the answer sheet if the front side of the answer sheet is not enough for your answer. Check the box on the bottom
right, when you use the back side.

5. MEECX, FfixC (HAGE) ZEXE LET, HXOMEIISZETT,

Japanese text is the official problem. The English one is only for reference.

6. MEIITELRETARGETHE LRIV, RUELHETHEREZHVWLSGE. KEELHEA LRSIV,
Answer in Japanese as far as possible. Use English when you unavoidably use a foreign language.

7. BB T %, MENKTCADEZIMEZED T, Git 3BT X TOERIMERIT LRIV, RENEK
RADERARICOZRE S EZRLA LR S, BERMMOEHN 2L T OHEITIE, FEREHT D
L0 ET,

Submit all three answer sheets, including the answer sheets on which answer has not been written down, after the
examination. In this case, write down your examination registration number in the answer sheet on which answer
has not been written down. If you submit two answer sheets or less, all answer sheets become invalid.

8. MM XOEMHMIL., T _XTEMRLET, 72720, ZNHIERADOHGIZITLEE A,

After the examination, the problem booklet and the draft sheets will be collected. These will not be used for grading.
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