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[FE92E1]) .~ [Problem 1]

Fig. - R —DOEENRH 5, T OHBOBEA L BEBIFAMZUTEE L TV 503, ZNLISOHE
(B « IR « KI) 1 ZFEREOEHREICHEL T D E95, £, T ORI EEEIZ L -
THSIEEBE/hOES TP EA I TE Y | HEOHIZIFB6 ADTEEENWD L35,
FRCW 7220 RY | ZOEEO R CORBERLKIREFIT R OEF ThHhH LEL TLV, £
7z, Table 1-1 DELCEITEFFLBEDOREIT L § 2, ZNLSMIARI TEIMSNZR&IRHE, RS
AVRWER D ORI ZILE A S e &35, ZILHOFMO T T LA FOFMIZT X TEZ L,

There is one room shown in Fig. 1-1. Assume that Wall A and Wall B of this room are exposed to the
outdoor air, while the other surfaces (walls, floor, and ceiling) are adjacent to similar rooms. In addition,
assume that the mechanical ventilation system introduces fresh outdoor air into this room at a ventilation
rate of 3 times/h and that there are 36 occupants in the room. Unless otherwise stated, this room's
concentration, temperature, etc., can be assumed to be uniform and steady. In addition, the quantities and
values in Table 1-1 are considered the standard conditions for all questions. Any other conditions added to
each question are assumed not to apply to the other questions unless explicitly stated. Under these conditions,

answer all of the following questions.

Table 1-1
AN FENE
A 180 m? EEAK 36 persons
Room volume Number of occupants
" DOFFRIZ X% CO A=
BE A O 2 A ﬂ?'ﬁ | o FEA
18 m COz emission rate from human | 12 L/(h-person)
Area of Wall A )
breathing
" DEEFGE R
B2 B O 2 /\ﬁ—“ BRFIIE B
30 m Sensible heat generation by the | 50 W/person
Area of Wall B
human body
HI 3 BT e
Ventilation rate by mechanical | 3 times’h 1.2 kg/m?
. Air density
ventilation
HD CO R ZERD L
AP COAI | 400 ppm _ 1.0 k/(kg'K)
CO:z concentration in the outdoor air Specific heat of air
\ A BT e DITLUE
HMRDIRE : :
) 5°C Approximate value of Napier | 2.7
Outdoor air temperature
number e
BE A DEERREL N 2 =14
: : 0.5 AR OITALUE V2
Wind pressure coefficient of Wall A A - | _— V3 =17
" roximate values of the
HE B OO EERREL op V5 =22
) ) -0.3 square roots
Wind pressure coefficient of Wall B V7 =26
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Z DR O X A AR [min] & 1B 72 » O B mP/h] 25k L.

Find the ventilation time [min] and ventilation volume per hour [m*/h] by mechanical ventilation in the

room.

BEAIZ D DA LEEBIZH D EBE T2 & 2 A, HdiSIIINZ AR AL, EAROD
CORFEN3000 ppm & 72 o7, Z DOEBEDOH TIFAEEE DM DA L - TCODVFEA L
TWD & LTEa, B & AR A B o 7o LIRS 72 0 O#SEmYh] A3k I

When Window A on Wall A and Window B on Wall B were opened, natural ventilation occurred in
addition to mechanical ventilation, and the CO2 concentration in the room has become 1000 ppm.
Assuming that COz is generated in the room only by the breathing of the occupants, find the ventilation

volume per hour [m*/h] of the combined mechanical and natural ventilation.

Z OESEOIMBTHES msOREDIRNTND & 55, ARALEBBEEIHICHIT 5 & Zh
5l U TMBICHENVE LD, ZOBRIZ L > TZOMEOHBIHRKICL S HD LRI
KEERDTDIC, T ORI LB e & SR (PR A k) [m*)ZR &,

Assume that a wind with a velocity of 3 m/s is blowing outside the room. When Window A and
Window B are partially opened, cross ventilation occurs in the room through these windows. Find the
total effective area (the equivalent opening area) [m?] required for this cross ventilation path to provide
the same ventilation volume as that provided by the mechanical ventilation of the room.
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ZOEEOHFT, KiFZlt=0hlZiu T, BHEIICH DIEBE D ORIRRL T E L, Z O
IRRLF-DIREEDNCo [gm?] & 7o T2 &5, BEBHLRD b O D AT Z DOERRDOIRIA
K IRENFIR SN DEA . Bl (WIS 52 OFRFRL TRFEC [g/m’)| &2 2§ a R 72
W, F7o, I =1h) 12, ClICoD4%E D /NS E WD) S & T
RIRIVN, 12120, FRRKLF-OZAFECE RS, RikaE7e E1EBRE L7 Ty,

Assume that at time ¢ = 0 h in the room, droplet particles are momentarily generated by an occupant,
and the concentration of the droplet particles is Co [g/m’]. If the concentration of droplet particles in
this room is diluted only by the fresh outdoor air from mechanical ventilation, find an expression for
the concentration of droplet particles C [g/m’] at time ¢ [h]. Also, answer whether C is less than or
greater than 4 % of Co after one hour (#= 1 h), including the calculation process. Note that evaporation,

gravitational settling, and surface deposition of droplet particles need not be considered.

—IIZUT =D DER DT HIAKENRITGATZ Lo T D, HKEROFEEE LT
HID ZER i & ZE SRR D E R & T ENS0LFUN TR S0,

In general, ventilation efficiency varies from position to position within a single room. Provide
definitions of the age of air and residual lifetime of air, each of which is used as a measure of ventilation

efficiency, each in 30 words or less.

FENZEE BRI T, BYYEREDNN D56, £ OZEMN TOZEREG Y 2 7 283
HITITZ DRYGYERFIIE D L 5 RGATTE D Z ENEE LU, 22X d 5V FZERAR
VT HLE IV TTOSCFLAN TRl LZr S,

In an indoor space in general, if a patient with an infectious disease is present, where should the patient

be located to reduce the risk of airborne transmission within the space? Explain it in 40 words or less,

using either the age of air or the residual lifetime of air.

MBI 57— U = OIEA ESREMSEEIZ BT D = 2 — b OmElIEZ £ 25030
FUUN TR L7 S0y,

Explain Fourier's law in heat conduction and Newton's law of cooling in convective heat transfer each

n 30 words or less.
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BEAIZEMAESR0.8 W/(m K), JES4mmODOETRZRED F1T 72 & Z A, BN OENH| & BE
MIOERAEIREZE L L T0.08 °COHAISN- 55, Z OB CEHHA S 7= BRI ASEEA
IR (BAGTr) THELTWD E LIS, BEAZE U BB E[W] DK E 2K X,

Assume that a heat plate with a thermal conductivity of 0.8 W/(m-K) and a thickness of 4 mm is
attached to Wall A and that a surface temperature difference of 0.08 °C is measured between the room
side and the wall side of the heat plate. Assuming that the heat flux measured by this heat plate occurs
in the entire Wall A (including Window A), find the magnitude of heat transmission [W] through wall
A.

BEA L BEBOSEEVE R (FEETe) 723075 W/m>K)72 & L, oD LRERD 22 2 Mk
LT A5 WiEL L CTIE D L35, ZH OB S ORETE. Mgz L 55
RS, ANEN DS DOERRGE A 5L L T-5E8 O EDOSIR[CCl 2 KD X,

Assume that the average heat transmission coefficient (including window areas) of Wall A and Wall B
is 0.75 W/(m?-K) and that the other surfaces can be treated as adiabatic because similar spaces are
adjacent to them. Find the air temperature [°C] in the room considering the heat transmission through

these walls, heat loss due to mechanical ventilation, and sensible heat generation from the human body.

(10) ORI TINZ T, COP=4DEFEHK A EIRT 5 &35, HEOXIEE2S5 °CIZiRDOT2D

(11)

(B R OV R R I[W) & RD 72 S0,

Assume that a heating system with a COP of 4 is operated in addition to the situation in Question (9).

Find the power consumption [ W] of the heating system required to keep the room temperature at 25 °C.

FEBOEEEDS W/(m?K), EBDOENFIOBMAEZR)N0 W(m?-K), $EOZERDER IR
FENR3 °CT2 L%, ZBBOEMAIERE CORMGFE LR <TooHlid, HEOKIR Z MEE[CLA
HITTBRERD B X,

Assume that the heat transmission coefficient of Window B is 5 W/(m*K), the heat transfer coefficient
on the indoor side of Window B is 10 W/(m?:K), and the dew point temperature of the room air is
13 °C. Find how many degrees [°C] or higher the room temperature needs to be to prevent

condensation on the indoor surface of Window B.
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e - BIERTER KO ERBUC R D LU F Ol c I~ TE X K,

HEME BT, Z20

B2 T, 2ol E R~ 2 b, £, FHRICEEL, MR . logi2 =03, log3 =
logior=05&1 X,

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 7, logi02 = 0.3, and logi03 = logio t=0.5.
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Fig. 2-1 I~ L D12, JEBE [ [ed|DILBMESOEIR P &
AR 2, MU R D, P & R O/
m]TH Y, ZREOERRE R 225 P ~ANHI T b
ND7ETAEIXOrad| THDH, ZDEE, RIZBEITD
AR En [IX) 2RI REEE R I,

As shown in Fig. 2-1, there are a diffuse point light source P
with luminous intensity / [cd], a horizontal light receiving
surface ¥, and a receiving point R. The distance between P
and R is / [m], and the angle between the normal to the
receiving surface and the vector from R to P is 8 [rad]. Then
write an equation expressing the horizontal illuminance Eh
[Ix]atR.

Fig. 222 I3 L 912, B 2 [m]DAEZ#ER L
EACE e B X, AR DD, BOGR L 133
YL U, bR & EAS T D F T~ DHAL R &Y
72D ONEE Jedm|ET5, ZDELE, RIZBITD
AR En [IX) 2R T REAHE R I,

As shown in Fig. 2-2, there are a horizontal line light source
L with a length of 2/ [m], a horizontal light receiving surface
%, and areceiving point R. The line light source L is assumed
to be uniformly diffuse, and the luminous intensity per unit
length in the direction perpendicular to the line source axis
is J [cd/m]. Then, derive an equation expressing the

horizontal illuminance Eh [Ix] at R.

Fig. 2-1

Fig. 2-2
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Fig. 2-3 1T & 912, ¥ A [m] DOAFEZ2 DGR
S @ h [m] FHITKFEZ22 i 2350, mEROH
DO OE FIZZEA R Bd D, HER S 1THERE L
[ed/m?| DEEEEPLIBHE & 3 D,

As shown in Fig. 2-3, a horizontal light receiving surface X
is located at 4 [m] below a horizontal circular surface light

source S with a radius 4 [m], and a receiving point R is

located directly below the center of the surface light source
O. The surface light source S is an iso-luminance diffuse
surface with luminance L [cd/m?]. Fig.2-3

(3-1) Fig.2-3 13 & 912, O 22D DR r [m]DALELZ,

IR S dr[m], fUMA dO [rad] > BTV INEIZ RS T D, ZD & & HUNEDHEFE dS
MY Z kD DXL FEEZ LRIV,

As shown in Fig. 2-3, let us define a small surface consisting of a small length dr [m] and a small

angle d [rad] at a distance 7 [m] from O. Then, write an equation to calculate the small area dS [m?].

(3-2) ZMEHE RIZBIT DKFmMBEE B [IX]| 2RO LA FEZ 7230,

“4)

Q)

Write an equation to calculate the horizontal illuminance Eh [Ix] at the receiving point R.

g 8 m, BATE 8 m, EHE 4 m DOEDRIIT 3000 Im DIH & I OTEHNEDIF B 2,
BE R, KIFOKERNZNZN 03, 02, 08 THD L&, BNOMEREIX]) O %
FHREE L,

A room with a width of 8 m, a depth of 8 m, and a height of 4 m has a diffuse light source on the ceiling
that emits a luminous flux of 3000 Im. The reflectance of the wall, the floor, and the ceiling are 0.3, 0.2,

and 0.8, respectively. Then, calculate the average indirect illuminance [Ix] in the room.

ML —DHIEZ By E L2 AREALGEZ 2 %8, EN~O ABROEAT5ik%
LN 50 FHRE TR &, S Z AV TH Zvy,
Show two solar light introduction devices that aim to reduce lighting energy, and explain each method

of introducing solar light into a room in about 30 words. You may use figures to help with your

explanation.
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NHERE EIERADENIOWT 80 TRIETHH L, T ThO R EOaaE 2 &,

Explain the difference between additive and subtractive color mixing in about 50 words, and answer

the three primary colors of each.

B DYAH 2o i B2 352 R T — L~UL Ly [dB]ORFRAMS SR P 2358 0 . P 2> 5 EHEfE
[Mm]BENT=ZEPICZE R R BIH D, ZDOL X, RICBITHELELVL L, [dB) &K 5%
Lw & 1 ZNWTEXRE Y,

There are an omnidirectional point sound source P with sound power level L [dB] on the reflective
and flat ground, a receiving point R in the air at a distance / [m] from P. Then, write an equation to

calculate the sound pressure level L, [dB] at R using L and /.

Fig. 2-4 (TR T & 912, BUR ROV i HlZ
EARR TR E 2AMmOBEIRL 035 0 | #EliH
DG R | (m)BEL 728 PIC B R R D D,
BREIR L OBALR S4720 OF 8T —1L~yL
% Lw[dB] £ 5L & RIZBIFAEELUVL,
[dB] KT R EEX I,

As shown in Fig. 2-4, a line sound source L with a Fig. 2-4

length of 2/ [m] is placed on the flat, reflective ground,
and a receiving point R is located in the air at a distance / [m] from the center of the line sound source.
The sound power level per unit length of the line sound source L is L [dB]. Then, write an equation to

calculate the sound pressure level L, [dB] at R.

Fig. 2-5 T ¢ & 912, Bt~ 20 i |
(R A [MIOPTEORER S 28 | G R \
IR S OHL I EPRICEEE RTINS [ [m]

BENT= SIS R 2580 5, T TR BT !
FEY4720 Lw [dB) & 72—k T —DE %
FELTVD L&, ZEARICBITHEELA Y~ >
NWERTAEEZ IV,

As shown in Fig. 2-5, there are a circular surface
sound source S with a radius 4 [m] on a flat and Fig. 2-5

reflective ground, and a receiving point R which is
11



located / [m] away from the center of the surface sound source S in a direction perpendicular to the
sound source. The surface sound source emits a sound with uniform power per unit area L [dB]. Then,

write an equation to calculate the sound pressure level at R.

(10) 77 v Z—xa— LI ED X D pBi8) % 70 FRE TR L, ZOHSNEZ D09 nE=s
DR A 70 FHEE TR Lo SBAICIEXZ AW T vy,

Explain the flutter echo in about 40 words, and explain the characteristics of the room in which the

flutter echo is likely to occur in about 40 words. You may use figures to help with your explanation.

(11) EEPREEES & R PRAEEE S O1E VA 80 THEEE CRlBH L. TN oFHRIFEE ENZEh
50 SRR TR X,

Explain the difference between heavy-weight floor impact sound and light-weight floor impact sound

in about 50 words, and explain each measurement method in about 30 words.

(12) BB D7 5 BBV T, mEINmE < RDITHES TR EH- L, I OIEETH
HERBELMOLE, T ETEBbD, TOBRD AT =X L% 100 THEE CHilH
H X, Bl VX2 VLT E vy,

In long-range sound propagation, in the case where the air temperature rises as the altitude increases
under windless weather conditions, sound propagates well over long distances. Explain the mechanism

of this phenomenon in about 60 words. You may use figures to help with your explanation.

12



[fH9%E3]) .~ [Problem 3]

LRI BT 2 LU T ORI~ TE 2 & FHEREIZ W TR, AR DR T Tl
T OwREZ Y Z &,

Answer all of the following questions concerning building services. On the calculation questions, show

not only the numerical values of the answers but also the processes of the calculations.

(1) #7 FROBFHIEATHLLFORMNIE 2 L, 7272 L W oOsR i & 2250 11 2 kg/m®
ELTRIEAERT D Z L,

Answer the following questions regarding the design of duct systems. For all questions, the air density
should be calculated as 1.2 kg/m”.

(1'1) %ﬁﬁﬁ & %Hj LH 67_577 ]\ %ﬁfé%@lﬁ%%%\czisu AN }ﬂ%ﬁ§3375 m3/h\ %@W%%%Hj
L HHifE750.0625 n?, REAHEARAA 35 PadD 8 O ELX IR E[Pa) 25K X,

In a fan system with ducts at the inlet and outlet, find the required fan static pressure [Pa] when the
airflow is 3375 m?/h, the area of the fan outlet is 0.0625 m?, and the total system pressure loss is 435
Pa.

(1-2) IXEEEAJET720 PaTHEE6000 m*/hZ EE T2 RES )03 & 2 o EEE O] /1[kW] % KD
72 L, EEEE AT ERITS0 % & L, EROIMEETIE T 2 b0 LT3,

Find the axial power [kW] of a fan blowing an air volume of 6000 m*/h at a total fan pressure of 720
Pa. Note that the total pressure efficiency of the fan is assumed to be 50 %, and the compressibility of
the air is negligible.

(1-3) HESREREIE 2 7 N %2 W =Fig 3-11R T &L 9 72008V T A—=COAIRER TOJH
ERIE T HE [ Pal & RO 72 S0, 7235, ZOHIEAX 7 R OfitsEt X dFig. 3-21 R 80 L L,
A—-COJFEHRRREIL13 & T %,

Find the local pressure loss [Pa] at the A—C branch in the flow diversion shown in Fig. 3-1 using a
circular duct made of galvanized steel plate. The flow diagram of this circular duct is as shown in Fig.
3-2, and the local loss coefficient of A—Cis 1.3.

13
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(1-4) Fig.3-3lTRTH 7 FRITOWT, ADKREWGEE OBRICERERE L v e TEE T~ &7 |k
DJEIHERPa)Z RO SV, 7285, X7 MEFHOBAITEIHERITI PamE L, BET
AR JFAHRIIREE TR D50 % L35, £, BT AEIHEKIC T 7 2=y bD
PHUTEB L2 Thuy,

For the duct system shown in Fig. 3-3, find the pressure loss [Pa] in the duct to be considered when
selecting a fan unit A. The unit pressure loss in the straight duct is 1 Pa/m, and the local loss to be
considered is 50 % of the loss in the straight ducts. The resistance of the fan unit need not be

considered in the pressure loss to be calculated.

1000 mm

$ Outlet

11000 mm

/ Outlet air volume per unit: 300 m*/h
Outlet static pressure resistance: 6 Pa
N

0 Fan unit air speed: 7 m/s

Fan Unit

Fig. 3-3
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(2) LLFORREIZDOWT, &% 100FF2E TR L2 S0,
Explain each of the following terms in about 60 words.

(2-1) TABS (Thermo Active Building System)

(2-2) 7U—2—V 7 /Free Cooling System

(2-3) 77 @A /b= bk /Fan Coil Units

(2-4) T H > NZEAI% / Desiccant Air Conditioners

(2-5) U A—H—~—BI5 / Water Hammer Phenomenon

(2-6) MEEHAN / Mist Cooling System

(2-7) APF (Annual Performance Factor)

(2-8) BEMS (Building and Energy Management System)

16
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IEE1E . Attentions

HEROBHIRO G D 5 £ Tl MM ZBAW TR TUIIWNT EE A, E7ERIM - FERARITI
HELA L TIWT A, BB O AR H L E T, LUFOIEEFHE L<FHATRFIVY,
You must NOT open this question booklet or write anything down on the sheets before the start signal of the

examination. Read the following directions carefully.

I Bdfisns bold, RN 1 FRARS KL A 3T, £ Lo b O HEN 2
SBUFSNTND Z L ZHENOTREY, b L, S TWD bDOITBRERH 2581TE, F&
T GRBRETE DR RICIE> TR &V,

One question 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. BB OA D%, £ 3K N TOEREMMROPTE DM SZIRE 5 2L A LR SV, BRI
(2 BR, ZEEGLSNND, RADFFETED L D307, slnBF et AT D RIEL R0 £,
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. AERBAIGO A O%, MEM 2O TRV, BT, R - ERREZD T 20 5T,
% T D D56 &0 WIFEIRI AR5 E1TE, T2 GRREZEE O RIE> T IZE VY,
Ascertain this question booklet after the start signal of the examination. This question booklet has 20 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. RIS T3RH Y £9, BMEME L7 SV, BRI BRI OFTE ORI MR 525 A L,

BRI LRITOMEE L7223V, £9 LTHREY RWNEEITIR, I E R IO R 24 ]
LTHNEWNERA, 72720, BEAEAT L5512, ZOEOL FO (Eifilk) (Fzy 7
ZRLA LIRSV,
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 in the front side, when you use the back side.

5. WIS TH:. A DRECADEZHMAZ DT, Bl 3BT N TOEZIMATRL L2 SV, g
RFEADEZ MU b 52 LA La &V, BERAMROTEH 2 HELT DA, BERER)
WL 720 £ T,

Submit all three answer sheets, including the answer sheets on which answer has not been written down, after the
examination. 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.

6. R LOERML, T _XTERLET, 72720, 2RO L EE A,

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