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[FER& 1] .~ [Problem 1)

(1) Figl-1 IR #HERH D, L FOEMEL
Fig.1-1, Table 1-1 ® % & THRIIE X K,

There is a room shown in Fig.1-1. Answer each

. . o . Exterior wall 1:
question under the following conditions, Fig.1- Transparent material
(Glass), 20m?

1 and Table 1-1. W

HNORER. BADK — South
O IRJE, BANESX D CO,
RO —FR - T 5,

Assume steady state and uniform indoor air temperature, outdoor air temperature, indoor air CO, concentration,

Fig.1-1

outdoor air CO; concentration, air density and air specific heat.
o HBRADOAEEZ X, BB (ERPOKKKEOE ) HEGATD,
Consider only sensible heat and neglect latent heat (changes of amount of water vapor in the air).
o HEROBRIFEITART, SME LTERICH L TV D,
The shape of the room is rectangular and the exterior wall 1 faces due south.
o KBFALIZERM T, KBmEIL 60 ETHD,
The solar azimuth is due south, and the solar altitude is 60 degrees.
o HMBE 1 LHMEE2 DISADEET TR THREETH V| BEE & OBORZIITbIh R,
All walls except for the exterior wall 1 and the exterior wall 2 are interior walls, and there is no heat transfer
to/from the adjacent room.
o SMBE | IXTEEE CREDBEMDORNT T A TH D, SMEE 2 1TKFH TRENDREHRBELTH
Do
The exterior wall 1 is a vertical plane and entirely glazed with no window frame. The exterior wall 2 is a
horizontal plane and entirely opaque.
o WIS, S (RIS 2T D,
Neglect ground/objects reflection and effective (nocturnal) radiation.
o ERNOVEHBIHEEIIERNOKIREF L,

Mean radiant temperature of the room is equal to the indoor air temperature.

Table 1-1
EAMA DR E BYRER [W/(m>K)] 50 | ENZERD CORIE [ppm] 1000
Outside combined heat transfer coefficient Indoor air CO, concentration
IERRIEEE B4 & [W/m?] 600 | AP BRGERE [W/A] 50
Normal direct solar radiation Sensible heat generation of a human body [W/person]
KR ZE BT B [W/m?] 90 | APTLIZ £ % COrFEAELL [mY(A-h)] 0.03
Horizontal diffuse solar radiation CO; generation by a human breathing [m?/(person-h)] )
AVKIRE [C] 30 ZBRDEE [kg(DA)/m?] 12
Outdoor air temperature Air density )
AR COL IR [ppm] 500 22 LD B [kI/(kg(DA) K)] Lo
Outdoor air CO; concentration Air specific heat )
=i [C)
Indoor air temperature 25|V3 17




1)

2)

3)

4)

5)

6)

7)

SIEE 1 & AMEE 2 \C AT DALY 720 O HE & [Wim?] ZZnZhske L,

Answer the solar radiations per unit area [W/m?] incident on the exterior wall 1 and 2 respectively.

SRBE2 O HHRINERZ a [-]& LIz & &, SMEE2 (2B 1T 2HUAKIRE SAT[C] OXz& 2 &, 7=
2L, BRZEL DR D LT D,
Express the SAT (Sol-Air Temperature) [C] of the exterior wall 2 in a formula when the absorption rate of

solar radiation of the exterior wall 2 is a [-]. There is nothing to block the sunlight.

SIEE 1 O HHBSR (07 ZAOAEEICATT 5 HEED 5 BERNERUR AT 2B OHEIE)
% b [[]. BREREER (EEARNZZT 507 ARAHEOEN 7 AREMIHT 5EE) % c [
BHERZ Uy [W(m>K) & L7z & & SMEE 1 208 U TRAM bR ZER mﬂ¢6%M[W]%%
THRYE, 22T, BHRBEIGR b 13, HEAHN & REAFNOmGICHBIZEATE 56D LT 5,

Express the heat flow [W] from the outdoor into the indoor air through the exterior wall 1 in a formula when
the solar heat gain coefficient (the ratio of heat flow entering the room out of the solar radiation incident on
the outside surface of the glass) is b [-], the sunlit area rate (the rate of glass surface area receiving the direct
solar radiation to the total glass surface area) ¢ [-] and the thermal transmittance U; [W/(m?-K)] of the
exterior wall 1. Here, the solar heat gain coefficient b can be commonly applied to both the direct solar

radiation and the diffuse solar radiation.

SEEE 2 OBEFHEZ U, [W/(m*K) & L7z & & ShMEE 2 208 U TR b ERNZERUTTEAT 2 B
W] 2 ATHRE,
Express the heat flow [W] from the outdoor into the indoor air through the exterior wall 2 in a formula when

the heat transmission coefficient of the exterior wall 2 is U, [W/(m*K)].

IREFEA 720 OEEANEZ p [Mm’]E LIzt &, BRZERD COy I & MR 5 72 DI B4t
SEAE [mPh] Z X TEY,
Express the amount of outdoor air intake [m*/h] required to maintain the indoor air CO, concentration in a

formula when the number of occupants per floor area in the room is p [person/m?].

SYDHKEAN E ADOFEE (B 12X > TERNERUTTAT 28 [W] 2 UTHFE,
Express the heat flow [W] into the indoor air due to the amount of outdoor air intake expressed in 5) and the

sensible heat generation of human bodies in a formula.

3), 4), 6)DRFDLERL a,b,c, Uy, Uy, p IZOWT, LLFORIWIZEZ K,

Answer the following questions on the variables a, b, ¢, Uy, U, and p used in the formulae of 3), 4) and 6).

7-1) £9°. B a,b,c, U, Uy, p ODWT A1 DEIRIRL, ZOEHZRE, RIC, ENZEXRITIAT D

B 2 BT 2 720 DX DB 2 BRI R 7Rz 1 D&, 40 FRE THPE XL,
First, select one of the variables a, b, c,U;, U, and p and answer it. Next, regarding the variable, explain one

specific measure to reduce the heat flow into the indoor air in about 25 words.
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7-2) T-1) THRZE LT T RICBE T 2 28U >\ T £ O J7 R o M Al & i 5% o BARR) 22 i 4 & 72 72 B
HTREL, TNENEZ L, EHIT, TNUOOHIEIZZR DG EOHAARITOW T, 2R ENMIER
(a3
Regarding the variable selected in 7-1), set the specific values of before and after the application of the measure
by yourself and answer them respectively. In addition, briefly answer the design specifications respectively

that result in those values.

7-3) 3), 4), O)DWT I 1 DDA L 72)THE LTz 2 DO D BARN iz Fv T, BHZER~DEL
OB ROME [W] 2RO L, FHEOBRZRTI L, HRELTWIERE R DEHDOK
B2 AN DR D D YE1E. £ OERO BARN 2 BEZ HR A TREL., ZOBEEZEXD
N
Using any one of the formulae of 3), 4) and 6) and the two variable specific values you answered in 7-2),
calculate the value [W] of the reduction effect of the heat flow into the indoor air. Show the calculation process.
If it is necessary to use the value of a variable different from the targeted variable, set the specific value of the

variable by yourself and answer the value.



(2) Fig 1-2 [T REZAEHRKIZ OV T, Opening 2:

1)

2)

3)

4)

N Effective area
DIF O L Fig1-2 O & THRICE 2 X, | apn,mt me
. / Y
Regarding ventilation caused by temperature ;'e'gll‘(')tm
=
difference shown in Fig.1-2, answer each question
) o ) Outdoor in winter | ’Indoor (heating) ‘
under the following conditions and Fig.1-2.
Air density Air density
po=1.25 kg/m? pi=1.20 kg/m?
FARBBAUE L, ENOXIR, BAOKIR, Opening 1:
%W%x DB BRI IERDOBEE T —FEL T3, Effective area
A =2m2 Height
Assume steady state and uniform indoor air 1 hi=1m v
temperature, outdoor air temperature, indoor air
Fig.1-2

density and outdoor air density.

AFEREL, BERNITEERE SN TND

Assume winter season and that the room is heated.

HANEE g % 10.0m/s> &35,

Acceleration of gravity g is assumed to be 10.0 m/s?.
PRz d 5 & & DERDEEIL, BIOERDOEE py L5,

Density of the air passing through the openings is assumed to be the outdoor air density p, .
SRR 72 < BUEHRSUEAERT L 72,

There is no wind outside and wind pressure does not act to the ventilation.

HOLGHOREZ P [Pa] L L&, ZOHHNLES h [m] ©&ZADEE p(h) [pa] (&,
TERDOEE p [kg/m’], EHIEE g [m/s?] 2T, p(h)=P—pgh LFEDH, 4. Figl-2 D
FENOKRIEDOREL P; [Pal, TOKREEFR U@ EDRENADOKKEE P, [Pa] & L7z &, IO
1 DERNIDIESZE Ap, EBOE 2 OERNINOETIZE Ap, ZZNENATEYE,

When the atmospheric pressure at a certain location is P [Pa], the atmospheric pressure p(h) [pa] at a
height h [m] from the location can be expressed as p(h) = P — pgh using the air density p [kg/m’] and
the acceleration of gravity g [m/s*]. Express the atmospheric pressure difference Ap; between the outdoor
and the indoor at the opening 1, and the atmospheric pressure difference Ap, between the outdoor and the
indoor at the opening 2 in formulae respectively when the indoor atmospheric pressure at the floor of the
room shown in Fig.1-2 is P; [Pa] and the outdoor atmospheric pressure at the same height as the floor is P,

[Pa].

BIOED 1 LBAOES 2 2656 Lo aEhimfE (R 0 mAD) [m’] 2Rk, HBXEHFR (V)
D% TH/INRITT D BT 720,
Answer the total effective area (the equivalent opening area) [m?] of the combined opening 1 and 2. There is

no need to make the answer a decimal, even if there is a square root (v ) .

Z OREFEARIT LD 1 RS 72 O R [mP/h] 23k X,
Answer the ventilation volume per hour [m>/h] by this ventilation caused by temperature difference.
HFHERORPD OEE [m] 2R L.

Answer the height [m] from the floor of the neutral zone.
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[F5R& 2] .~ [Problem 2]

- BB L O BREEICET AU TORMICT R TE 2 L, eFEMEICBV UL, Z20¥Z T T
o XA RS L, T, HEICEL, MERI EE XL,

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

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

In the calculation, let the circular constant be .

(1) dbk& L, [0 10 FAH 2w BIC s A B D, S A ISR AEN B0 EE 25 25, HsihoME
&S ], RRIMEMMBEZ Eo[Ix], RKFZEFLZ P[-]L LT, UFORWIER L,

Point A is located on flat ground at north latitude L, [°]. Let us consider the contribution of direct sunlight to point
A. Assuming that the tilt of the earth's axis is ¢ [°], the extraterrestrial normal illuminance is £y [Ix], and the

atmospheric transmittance is P [-], answer the following questions.

1) M AIZBWT, ARBICBT2KEOMPREO, B AT K DKFEHEBE B [IX]% Eo, P, La
SEMNWTERLZRE W,
Express the horizontal illuminance £y, [1x] due to direct sunlight at culmination hour on the winter solstice at

point A using Ey [Ix], P [-], L. [°], and J [°]

2) Ml OME X 6% 23.5°, KEIMERRIRE Eo % 134000 1x, KKBWEP % 0.7 L35, HS A 0k
Li336.5° Tholzb &, DICBITHEHN BRI L DK EEBEZFRE LR S0,
Let the tilt of the earth's axis 0 be 23.5°, the extraterrestrial normal illuminance Ey be 134000 1x, and the
atmospheric transmittance P be 0.7. Then calculate the horizontal illuminance due to direct sunlight in the

above question 1) when north latitude of point A, L, is 36.5°.



Q) HUE A KT DIRIENDEGEEZEZDHT-DIT, Fig.2-1 DX 52, #iHm A Zdbe Lo KKz %

1))

2)

3)

25, % @rad], % O[rad] &35,
In order to evaluate the contribution of skylight to point A, consider a celestial sphere centered at point A, as

shown in Fig. 2-1. Let ¢ [rad] be the azimuth angle and & [rad] be the elevation angle.

Fig. 2-1

ZORKLE, (6, 9) FTENS, B A, dell ko TR SND 4 E dS 225, ZORZEDHE
JE L [cdm?] 32 RET—EETh ozl &, RZEOHMHE dS 12 K D HUR A ITBIT 2 IRE dE [IX] %,
0, ¢, d6, dp, LEZHWTELARIV,

Consider a partial surface dS formed by small angles d&, de in the (8,¢) direction on this celestial sphere.
When the luminance of this sky L [cd/m?] is uniform over the whole sky, express the illuminance dE [Ix] at

point A by the partial surface dS of the sky by using 8, ¢, d6, dg, and L.

O L X, HAADOKERICEBITDERERE E(Ix]%2, LERAWTELRZIWN,
In the case of 1), express the illuminance from unobstructed sky E; [1x] on the horizontal plane at point A, using
L.

ENEREHE, KEOMENFETERVERSER, CIEREEERZL L THRESNA TS,
DERZEZIBNT, MA0IZE1T D REME L(6) [cd/m’| &, KIEE L. [cd/m?]3 L OMH 0[] % H
WTELARSVY,

A cloudy sky, in which clouds cover the entire sky and the position of the sun cannot be determined, is specified
as CIE standard overcast sky. Write an equation of the sky luminance L(6) [cd/m?] in CIE standard overcast

sky by using the zenith luminance L, [cd/m?] and altitude 6 [°].

10



(3) Fig2-2 \ TR =L, EBRBEONE W 2632, BOGEREr[-]&T 5, BHCBEDIEIAL

1)

2)

Tl A TE, FEICEMITENLDL LT, UTORMIZEZLRIV,
The room shown in Fig. 2-2 has a side window W with the diffused transmission. Suppose the transmittance
of the window is 7 [-], the window frame and walls of the room are thin enough to be ignored, and there are no

buildings around the room. Then answer the following questions.

B
.

Fig. 2-2

BWIL, ERNPLRACEETERFMER THL LT 2D, BIOLHIZ L D W FhEm OfE R E %
E, LTzl &, BORREB OB LB W OME Ly [cdm?| 2 £ TXEFE LI,

Window W is assumed to be a perfectly iso-luminance surface when viewed from inside. Write an equation
that expresses the luminance Lw [cd/m?] of the window W observed from the center point B of the room, where

E, is the vertical illuminance of the outer surface of W due to the daylight.

DO L X, BW ONAKARFRE Cw & LT, BEOPFRLBIZHIT D EERE Ey[Ix]|2 £ T2 FE
TREV,
In the case of 1), write an equation that expresses the direct illuminance Eq4 [1X] at the center point B of the

room, where Cw is the configuration factor of window W.

11



4)

1)

2)

©)

1)

2)

3)

R OFHMMICRE T 2 L FOBBICE 2 K,

Answer the following questions regarding the assessment of environmental noise.

AFFPERE L~V E CRIEFELV VDN Z, T U R il v 5 fEEZ VLT 100 SR
T LRIV,
Explain the difference between A-weighted sound pressure level and C-weighted sound pressure level using

the term equal loudness contour in about 60 words.

SMERE LV OER L, 100 FRETHI LSV, SNCEERKEZ T L,
Explain the definitions of the equivalent continuous A-weighted sound pressure level in about 60 words. You

can add mathematical formulae and figures.

P (R OAERKHMET, ZOMOBEREIXE TRAREEDE) ORKEMEORE FIZ
%%ﬁ%ﬂﬁbf ZOBRFIRAR Y BT X 512, R r (m]OMERE RIS, SENAA T LT NS
ORERZFHE L, BEIRS BT 25 E 0% EV&W%wELk&:%%$W%EVNWﬁLNM
Elpode, ZOLE, UTFTORWIZEZ X, FHEIZEEL, logio2=0.3, log03=0.5, logiox =0.5 &
X,

A noise source was set on a reflective floor of a hemi-anechoic room (a room of which the floor is perfectly

pai

W

reflective, and all of the other boundary surfaces are perfectly absorptive). N measurement points were set on
a hemisphere with a radius of 7 [m] for each equal solid angle so as to surround the noise source, and the sound
pressure level of the noise radiated from the noise source was measured. In such case, the average sound
pressure level was L [dB]. For this case, answer the following questions. In the calculation, let, logjo2 = 0.3,

logi03 =0.5, and logior =0.5.

ZOBEIROFENT — L~V Ly[dB)%, r, LEZRHWTELRZIV,

Express the sound power level Ly [dB] of this noise source using » and L.

r=2m O¥KAE ETN=8 SOWEEITo/2L 25, WESN/ZEFEL VLA Table. 2-1 D & 51T
Ieole, ZOWERRNS, FHEEL-YLL[AB]ZFHHR LR E W,

In 1), the measurement was made with N = 8 points on a hemisphere with » =2 m. The measured sound pressure
levels are shown in Table 2-1. In this case, calculate the average sound pressure level L [dB].

Table. 2-1

No. 1 2 3 4 5 6 7 8

Measured sound pressure level [dB] 75 73 73 70 70 70 70 70

)DL E, ZOBREIROEENT —L~L Ly[dB]ZFHHE L72 S0,

In 2), calculate the sound power level of this noise source.

12



(6)

()

BV | OFEEENICEERARE L, EFREICENT, ZOBRERNEHT 28T I X 55k
BENOFEEELVSVERELIZE 25, LB Th-oTo, BliE, Z OB OB 2 3H
L72E A, T[S THoTz, ZDEE, ZOREIROEFE T —L L Ly[dBl%&, L, T, VZHW\
TRLZEW, 2k, BHIEBRICEW TUERBENRHIEIIE L I,

A noise source was placed in a reverberation room with a volume of ¥ [m?], and the average sound pressure
level in the reverberation room by the noise radiated from this noise source was L [dB] in steady state.
Separately, the reverberation time of this reverberation room was measured as 7 [s]. Express the sound power

level Ly [dB] of this noise source using L, 7, and V. If some constants are necessary in the derivation process,

specify it clearly.
PRBAEEWNERONEICIBNT, BEV [m’], BREFE S [m*]DOFREE D22 E OB 2 5Hl L

t&:%,RMT%OEO& ﬁﬁ&mn@@mﬁﬂéﬁﬂiw TRRIE L, R A G L7z
LA, Tilsléleole, ZOFRHARER KLY, ZOWERBOEERERE Ra [ 25tH T2 A2H
ERZAN

In the measurement of the reverberation sound absorption coefficient, the reverberation time of a vacant
reverberation room with volume ¥ [m?] and room surface area S [m?] was 7o [s]. Next, a measurement specimen
with an area of S, [m?] was placed in the reverberation room, and the reverberation time was measured to be

T1 [s]. From this measurement result, derive the formula for calculating the reverberation sound absorption

coefficient o [-] of this measurement specimen.

13



[F5%& 3] .~ [Problem 3]

BN T, AT ORICE R &,

Answer the following questions about building equipment

(1) WOXFEITEH L — "R 7 BER) IZOWTOMHATHD, O~ODHEEEZ L.
The next sentence is the explanation for the electric heat pump (for heating). Answer the terms from O to

®.

t—hrRTE (@) - (@) - (@) - (@) &INDEMSEENDE->TEY, ZOREO T Z, FEE

(IRWEE THAET LR MEELR > (@) BERLTVET,

(@) 3 (@) THXZR EDBJEN LEZRIL L, (@) IZHVIAE L, Ml - mEDORIE LD (O)
EbhFET, 22T (@) FEALZHHLTEEICARY, S5 (@) TRIESNT (D) IZREY £17°,

:035% T LERUT, A F—L LTI TIERL, BINRE LTSNS 2D, HEES

U EDEWEFEEANESTE £, BERENZHAENTRLLMEZ (©) SWnEd,

A heat pump consists of (D), (@), (®), (@), connecting pipes , and (&), which can evaporate at extremely low
temperatures, circulates in these pipes.

(®) absorbs heat from a heat source such as the outside air in (D), is sucked into (), becomes high-temperature,
high-pressure gas, and is sent to (). Here, (®) releases heat and becomes liquid, and decompressed at (@) and
returns to (D).

The electricity used in this case is used not only as heat energy but also as a power source, so it is possible to obtain
heating capacity that is more than the power consumption. The value obtained by dividing the heating capacity by

the power consumption is called (®).

(2) #aAKRTHUTHONT, KEEAMELES R, AKEEREE G, SEAE X0 35icki5EnEh
DR A 50 FREE TR &
About water feeding system, explain the following three systems, street-pressure water service system,

pressure water service system, and gravity tank system in about 30 words respectively.

6) %ﬁﬁtuowf TurH s v R, 7V =Tk RxT7aTr R, T —h—2y RO
B2 ENENORHE A 50 TR THlE X,
About floor wiring system, explain the following three systems, underfloor duct system, free access floor

system, and under carpet system in about 30 words respectively.

(4) COP21 28T BNV BHEIZ DWW TH D AT 150 FR2EE R
Describe what you know about the Paris Agreement at COP21 in about 90 words.

14
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J¥FEEIE [Attention]

RBROBRBEOGK N & H E TiX, BEMFEZBEVW TR TUINT EF A, FERAM - BRI SR
ALTEWT A, RBFEBOANAH D ET, UTOEEFHEZ LIFEATFISIL,
You must NOT open this problem booklet or write anything down on the sheets before the start signal of the examination.

Read the following directions carefully.

1. EAfish s boix, M1 SRARK 3, BERAE3KTT, £9. ERObORHENZR<L
BAASNTNDZ LN DTTEN, L, BMINTNDHDITBARENRH L2 5HEITIE, FazlT
THRBEE ORI TTF S,

One problem booklet, three answer sheets, and three draft sheets are distributed. First, check 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. BB OAK D%, £ 3BT X TOELRAMOFTE OMICZERF 2 LA LR S0, BRI,
BR. XBE LSO, RADVFRETE D LI RUF, LEFLLATDLERKL R 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. MBRBMOAK D%, FEEMT 2O TFI W, MM, Zi - BERREZTOTI8HTY, ¥ 7T
D& 256 o 2 WITFIRIAREER 2581203, T2 GRURETEE OfRICHE > TSV,
Ascertain this problem booklet after the start signal of the examination. This problem booklet has 18 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. MEZEHT3IMLY 4, EMEME LSV, BRI, ZEEAROPFTEOMICHEEFZFLEAL,

BRAMIMC LT OMEL 2SIV, 9 LTHREY 2WEAITE, MEITERZAMOERZHEH L
THrEVWERA, 2L, BREZHENT L5613, ROBOLATO (EEIZHS) ITF =y 7 &2
ALZ2 &0,
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. M, XX (AAGEE) #1EXE LET, EXOMEXIIZETT,

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

6. MFITITELORTHAGETHE LS, RUEGTHEREEZ NV L5GE. REEEMH LS,
Answer in Japanese as much as possible. Use English if you must unavoidably use a foreign language.

7. B TR, EPKTLEADERZAME GO T, Bt 3T XTOERMMARE LRIV, REPR
FADEZAMIC bEZRBE S LA LR S, BRAMOEND 2 LT OEAITIE, BEREMHNEL
&0 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. RIEEMFI LOERMHIT, FTXTEIRLET, 7220, ZRBIFRADOHEITITL £ 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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