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Div7 Air Conditioning & e g density) - Div 11 150 9000
General Building Mechanical (on aestan ) - Di
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P air —Div

9 Design Quality
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indoor Air Quali i i
Site Formation & V) Quality foy Handicapped - Div 2 SS CP 13: 1999: CP for Maintainability
Foundation - Div 16 Space About & Within Mechanical ventilation and air- uality

Non-regulatory CP on Buildings - Div 3 conditioning in buildings

Legionnaire’s Disease ]

(by ENV) Staircases (on width & Table 5 - Guidance on

recommended ambient sound

headroom) -Div 5

General Planning Act
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Guidelines from URA
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i -BUPL-Passive cooling design [EL
T | t = l SV 700N
Solar Radiation
Radiation from Building
Convection Losses
from Building
Lighting
Heating System Radiation
from Building
Diry Buly Temnp.
Fig. 2.13 Passive cooling design strategies by climate. Buildings usually contain sources of hear. The
more heat that is generated within the building, the more an artificially warmer climate is created. Thus,
after plotting the owtdoor climate data on this chari, consider how shifting these plots would affect your
design strategy. The more solar gains allowed inside, electric lights, and business machines, etc. the Heat Losses to Ground
fuurther your plots shift to the right. The more people, cooking, bathing, and other heat-plus-moisture
sources, the further your plots move both upward and to the right. (Based on Milne and Givoni, 1979.) FIGURE Heat gains and losses in buildings.
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| [ /m -CLTD,CLF Method for Cooling Load
I

- Cooling Load Temperature Difference Z;
- Cooling Load Factor g = . E
. ..._____.:;;“:';: _________
Qc.cond =U x Ax (To—Ti)
. .
Qc.cond,t =U x AxCLTD « T
° ° ™
Qec,rad,t =(Q max xCLF:
33 —— 34
Ve Jpe ia
| [Ez;;:% CLTD,CLF Method for Cooling Load | IE?%;:ILE-CLTD,CLF Method for Cooling Load
I . I
NL 1.0 T -y
NM 0.9 x I|
- NH 0.8 ‘_ - !ll
: st r—“—"u_‘.‘"\\
sL g 051 - \
sM 0.4 +<----- Lightson ------> <-------=-  Lights off = --------->
SH 0.3 d Lﬂ
:Hxs 0.2 ﬁ o S -
o 01 { | ' |
HL 0.0 & — ol e £
HM 0 6 12 18 24
HH Time after lights are turned on (h)
+ "Heavy" # "Light"
Cooling load factors for lights that are on 10 h/day, for two extreme construction types: light and heavy
ok (@ coefficient and b classification. as per Table A7.14, are 0.45 D for heavy and 0.75 A for light).
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FIGURE 18.3
Atmospheric air as a mixture of air and water vapar.
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Table A-1 Water: properties of liquid and saturated vapor

TE4 KSR T s e W BT T

Specific volume, Enthalpy, Entropy,
Saturation mafkg kl/ke kifkg - K
pressure,

1, C kPa Liquid Vapor Liquid ~ Vapor Liquid Vapor
o 0.6108 0.0010002 206.3 =0.04 2501.6 -0.0002 9.1577
2 0.7055 0.0010001 179.9 8.39 2505.2 0.0306 9.1047
4 0.8129 0.0010000 157.3 16.80 2508.9 0.0611 9.0526
6 0.9345 0.0010000 137.8 25.21 2512.6 0.0913 9.0015
B 1.0720 0.0010001 121.0 33.60 2516.2 0.1213 8.9513

10 1.2270 0.0010003 1064 41.99 1519.9 0.1510 8.9020

12 1.4014 0.0010004 93.84 50.38 2523.6 0.1805 8.8536

14 1.5973 0.0010007 82.90 58.75 25272 0.2098 8.8060

16 1.8168 0.0010010 73.38 67.13 2530.9 0.2388 8.7593

18 2.062 0.0010013 65.09 75.50 2534.5 0.2677 8.7135

20 2.337 0.0010017 57.84 B3.86 2538.2 0.2963 B.6684

22 2.642 0.0010022 51.49 92.23 2541.8 0.3247 8.6241

24 2.982 0.0010026 4593 100.59 2545.5 0.3530 B.5806

26 3.360 0.0010032 41.03 108.95 2549.1 0.3810 8.5379

28 3778 0.0010037 36.73 11731 2552.7 0.4088 84959

30 4.241 0.0010043 32.93 125.66 2556.4 0.4365 B.4546

32 4.753 0.0010049 29.57 134.02 2560.0 0.4640 B.4140

34 5.318 0.0010056 26.60 14238 2563.6 0.4913 8.3740

36 5.940 0.0010063 2397 150.74 2567.2 0.5184 B.3348

38 6,624 0.0010070 2163 159.09 2570.8 0.5453 £.2962

40 7.375 0.0010078 19.55 167.45 2574.4 0.5721 8.2583

42 B.198 0.0010086 17.69 17531 257719 0.5987 £.2209

44 9.100 0.0010094 16.04 184.17 2581.5 0.6252 B.1842

46 10.086 0.0010103 14.56 192.53 2585.1 06514 B.1481

Table A-1 (continued)

Specific volume, Enthalpy, Entropy,
Saturation m? kg kl/kg Kklfkg + K
pressure,
n°C kPa Liquid Vapor Liquid  Vapor Liquid Vapor

48 11.162 0.0010112 1323 200,89 1588.6 0.6776 B.1125
50 12335 0.0010121 12.05 209.26 2592.2 0.7035 £.0776

52 13613 0.0010131 10.98 217.62 25957 0.7293 B8.0432
54 15.002 0.0010140 10,02 225.98 2599.2 0.7550 B.0093
56 16.511 0.0010150 9.159 23435 2602.7 0.7804 7.9759
58 18.147 0.0010161 B.381 24272 2606.2 0.8058 7.9431
60 19.920 0.0010171 71679 251.09 2609.7 0.8310 7.9108
62 11.84 0.0010182 7.044 159.46 2613.2 0.8560 T.8790
64 2391 0.0010193 6469 267.84 2616.6 0.8809 7.8477
66 26.15 0.0010205 5.948 276.21 2620.1 0.9057 T.8168
63 28.56 0.0010217 5476 284.59 2623.5 0.9303 7.7864
T0 3116 0.0010228 5.046 29197 2626.9 0.9548 7.7565
72 33.96 0.0010241 4.646 301.35 2630.3 0.9792 7.7270
T4 36.96 0.0010253 4.300 309.74 2633.7 1.0034 7.6979
76 40.19 0.0010266 3.976 31813 2637.1 1.0275 7.6693
78 43.65 0.001027% 3680 326.52 26404 1.0514 7.6410
80 47.36 0.00102%2 3409 334.92 2643.8 1.0753 1.6132
82 51.33 0.0010305 3.162 343.31 2647.1 1.0990 7.5850
84 55.57 0.0010319 2.935 351.71 26504 1.1225 7.5588
86 6011 0.0010333 2.127 36012 2653.6 1.1460 7.5321
88 64.95 00010347 2.536 36853 2656.9 1.1693 7.5058
90 70.11 0.0010361 2.361 376.94 2660.1 L1925 74799
92 75.61 0.0010376 2.200 385.36 26634 1.2156 TA4543
94 B1.46 0.0010391 2.052 393.78 2666.6 1.2386 74291
96 87.69 0.0010406 1915 402.20 2669.7 1.2615 TA4042
98 94.30 0.0010421 1.789 410.63 26729 1.2842 7.3796

100 101.33 0.0010437 1673 41906  2676.0 1.3069 7.3554
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Example 1 Compute the humidity ratio of air at 60 percent relative humidity
when the temperature is 30°C. The barometric pressure is the standard value of
101.3 kPa,

Solution The water-vapor pressure of saturated air at 30°C is 4.241 kPa from
Table A-1. Since the relative humidity is 60 percent, the water-vapor pressure of
the air is 0.60 (4.241 kPa) = 2.545 kPa.

2.545
W=0622 ——————— =0.0160 kg/kg
101.3 - 2.545

i’(['\‘;(( »~;|\%El?r' HIE{

*\?[(Enthalpy)
h =¢, ¢+ Wh kJ/kg dry air

where ¢, = specific heat of dry air at constant pressure =1.0kl/kg'K
r temperature of air-vapor mixture, °C
hg = enthalpy of saturated steam at temperature of air-vapor mixture, kJ/kg

Example 2  Locate the point on the 95 kJ/kg enthalpy line where the tempera-
ture is 50°C.

Solution At t=50°C, h, = 2592 kJ/kg from Table A-1. Solving for W

95 - 1.0(50
W——--(—)-00174 ke/ke
2592

10

F“l’éf{(Specific volume)

From the perfect-gas equation, the specific volume » is

=

m3fkg dry air

Example 3 What is the specific volume of an air-water-vapor mixture having a
temperature of 24°C and a relative humidity of 20 percent at standard barometric
pressure?

Solution The water-vapor pressure of saturated air at 24°C is, from Table A-1,
2982 kPa; so the vapor pressure with a relative humidity of 20 percent is
0.2(2982)=0.5964 kPa = 596 4 Pa.

_287(24+273.15)

=0.85 m>/kg dry ai
101,300 - 596 m>/kg dry air
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~The End ~

FEpr
- Refrigeration and Air conditioning, W. F. Stoecker and
J. W. Jones, 1982, McGraw-Hill.
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June 21

(]

FIGURE 6.1
Geometry ‘of the earth’s orbit and inclination of polar axis. (a) Entire orbit. (b) Enlarged detail, solstices.
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The difference between solar noon and noon of local civil time is called the
equation of time E,.
E, =9.87sin2B ~7.53 cosB - 1.5sin B min (6.1)
n—81

T for the nth day of year

B =360° x

Solar time ty (in hours) is defined, for each day, by
E,

Isol = loc civ =
e L =y ©.2)
Its relation to standard time f4 (in hours) is
Lgg— L E
taol = tug + std loc t (63)

15°/h 60 min/h

where Lgg and Lio designate the longitudes (in degrees) of the time zone and the
location, respectively. In regions with daylight saving time (DST), one has to subtract
1 h from daylight saving time to obtain fyq during the summer half of the year.
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FIGURE 6.2
Equation of time E, [Eq. (6.1)] (months are rounded to 30 days). (From Duffie and Beckman, 1980.)
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Example 6.1, At what time tpst (central European daylight saving time) is the sun due
south in Paris, on July 21?7

GIVEN: 501 = 12:00 at Lo = =2.48° (2.48°E), with Lgg = ~15°(15°E)
FIND: tyq
LOOKUP VALUES: E; = —6 min, from Fig. (6.2) or Eq. (6.1)

SOLUTION: Solve Eg. (6.3) for standard time:
tsg = 12:00 — 4[~15 — (—2.48)] — (—6min) = 12:56
The corresponding daylight saving time is
tpst = 12:56 + 1:00 = 13:56
The relation between solar and daylight saving time is
Isol = IpsT — 1:56

COMMENTS: The difference between solar and standard time is large because Paris lies
quite far from the meridian of its time zone. Daylight saving time fpsr is almost 2h
ahead of solar time fg) 1n this case.
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@ :[f ¥ (Hour angle) (degree)
O :F'# 58 (Declination) (degree)
A e (Latitude) (degree)

N b
L
L ———
i “.'r B Sun's rays
¥
A
) S
Meridian of plane of sun's rays
Meridian of P

(a)

(b)

FIGURE 6.3

Latitude A, hour angle w, and declination 6. O = center of earth, N = north pole, P = point on earth’s
surface, (a) Three-dimensional view. (b) Cross-sectional view at solar noon.
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360° x (n + 10)

sin § = — sin23.45° cos TR (6.4)
where n = day of the year (with n = 1 for January 1),
cos 8; = cos A cos & cos w+sin Asin & 6.5)
_ (ts01 = l;h])1 x 360° 66)
i = cos.ﬁ sinw (6.8)
sin &,

! HEEA B e

gs: B TFIE (zenith angle of sun) (degree)
¢s: N[ H O F) (azimuth of sun) (degree)

cos §; = sin6; sin 6, cos(¢s — ¢,) + cos 6, cos 6y

Normal of ﬁ

earth's surface
N

=
m
k-]

It is positive in the afternoon, with ¢; pointing west, (Zenith and azimuth are the
standard angles of the spherical coordinate system.) Instead of the zenith angle, many
people employ the complement, called the solar altitude angle:
) . b= :i]l_nal'su.'rfmem‘fmg
Solar altitude angle = 90° — 6, (6.9) el ) st &
9 10
- N 1 , . . \Y e ! &
H SN RO e o ESE RO s
. . . TT |:I TT T TT TTT T T TRy T IT [T TTTIT [ TT]TT |Al=??ow'
Example 6.2. What is the solar zenith angle at 16:00 (4:00 p.m.) daylight saving time L+ — .
in Paris, on July 21?7 i " /‘/ ~JX 8
GIVEN: Conditions of Example 6.1. Latitude A = 48.82° f{/7 >(“'”'_“__"““‘x £ TSN ,.,
ol =tpsT — 1:56 h=14.07h  from Example 6.1 /A < AN I O S I 4 X \,\m le =
Day of year n = 181 + 21 = 202 i // X "/4/\’ a3 \’ \\ 1
Ve / N s A
FIND: 6, LT 2 na ) )Y 1 1
, INSAZAERANRIADTER
SOLUTION: First use Eq. (6.4) with n = 202 to find the declination I ..ﬂ / / / \ T ;{ \ \ \\,\ m] g
o A AV Va4l KN o 3
sind = —sin 23.45° cos W = 0.3482 i (/ j{ ;{\ ,/ \3\ \,\ \ \)r....-“
. i / N i
Hence & = 20.38°; and the hour angle @ = 31.05° from Eq. (6.6). Finally find the zenith . \)( / ’{/ \\ \ >{/ \k\,e -
angle 6, from Eq. (6.5): I fﬁ%f | /\ ) \\
NIETIRN ENT T IIE IS I I IS S I | P VIS S
cos s = cos48.82° cos 20.38% cos 31.05° + sin 48.82° sin 20.38° = 0.7909 = “w il ‘FU m‘:l SEE e . :’
East ot O
Hence 6; = 37.73°. FIGUREGGa ) ) o .
Sun-path disgram: solis altitsde angle (= %0° — 8, ) versus azimuth g, Thme In legends is solar time. (From Mazria, 1979.) Latitude A = 78°,
12
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Sun's rays

B,=90° -8,
8 Ap=¢; - ¢, (6.12)
=¢;— ¢p x = ztan A¢ (6.13)
_ cot 8, . P
= zws 26 with Ag = ¢, — ¢, (6.14)

FIGURE 6.8

Coordinates of the shade § = (x, y, z) cast
by a point P (in this example P is comer
of a rectangular window recess).

HEEA B e

Example 6.5. A southwest-facing window of height'a = 2 m (6.56 ft) has right at its
top a horizontal overhang of width b = 0.5 m (1.64 ft). The overhang extends far enough
to either side that the window is shaded uniformly along its entire length. The incidence
angles of the sun are as in Example 6.3. What fraction of the window is shaded?

GIVEN:a =2 m SOLUTION:

b=05m = 45° ) .
b, = 52.085° ¢p = for southwest-facing vertical surface
0, = 37.69° A¢ = 52.085° - 45° = 7.085°
No end effects P e
cot 6, t37.69°

SKETCH: Fig. 6.8 y=boag =05 mX ﬁ; =0.65 m
FIND: y/a k

2D _gm

a 2.

One-third of the window is shaded at this time.
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Sundial S  40' NL |

;H iha;;!v;a rﬁTﬂﬂmwﬂ'l‘ha? 6-3. Completed sundial for 40° north latitude.
7, Sherdow st e taundialat] oy, . Tho oot i roprosant Lnoge Rorons ol crrfos et ielmetions, Cicout
Dacerabor 1,47 nort e, sightrom s, hough Hpof ghemon o dashed triangle a'ttop,dnansdcgt Jue along dotted
shadaw locatlonan aundial, Iinetoformgnomen.
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B-10. Use of sundial for predirminary”
obstrsction . Sundical is lewel aod
criented sourh. Sight from north edge. over

pointer, to Decernber sun location.
17
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6-11. Model shadow studies using the
sundjal, .
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S
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84, Glazing shading mask for overhang with

vertical fins,
19
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99 Glezing shoding mask for vertical
louvers (plan).

20
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911, Construction of aglass shading mask
{used for determining limes of solar haat gain
en glass surfaces). For 100 percent shading,
boundary profile angles are taken from outer
edgeof glazing. For 50 perceni shading, these
are taken from the midpointof the glazing,
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=
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spharical surface sprinkler
ona sq. ft. in area *
gy, 80rinkler
Tight saurce ’
light saurce
N &f = AR ﬁ
I:'/' .:: =
J ! light ~
LUMINOUS FLUX souree
measured n / \ ang lumen
LUMENS
a A ILLUMINANCE =
{ LUMINGUS INTENSITY one lumen /5. It, = WATER COLLECTION RATE =
WATER FLOW RATE measured in i~ ona gallon per sq. ft. per hour
maagured in CANDELAS WATER ELOW INTENSITY one footcandle po
GALLONS PER méasured in GALLONS
MINUTE b PER 45 dug CONE ' b
;:: (&) Lusminous fix; () luminous intenaity
i waier analogy), ;
o 24. (o) Numinanee; (b) weter analogy.
23
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A %ﬁ AR,

sprinklar
1 lumen distributed #’1
over 48q. t.=
0.25 footcandles
-

A

ane gallon
par 5. .
par hour

1 lumén

distributed
over 15q.ft. = one gallon distributed
1 fagteandie t ouer 4.1 =

y 0.25 gallens/sq. ft.hr,
\
[©

2:5. (a) The inverse squae effect—
illuminance as a function of distance;
(b wateranalogy.

B EEA B i

angle of
Incidence
(cosing = 0.5)

| laminance = 100 fe

e

¥
= loval glass collects

|
paralol raysfrom sy fited iluminance one ounca of fain filted glass collacts
distant source s bl par hour one-hall ounce
a b of rain per hour

24, (o) Thocostneeffoct—illuminance asa
function of agleof incidence; (b) water

analogy.
25 26
-1 N 1 - NE '
;;—t; Crrae A f%‘ C e rae A
*7-$ N 7J“ /%L, ! ﬁL-%‘u PN «]_$ = 7Ju f%i,a[,at PG,
I ! 1
source .
e reflected luminance =
heat to exterior é %ﬁ:}?-‘ﬁl:::m::n: . .
reflection SR el
N 60% reflectance
cpaque surface
= transiucent surface
" "”"" ‘?E', absorption e
A & L L) ’
semi-transparent
material \‘::grgw::‘_‘:"‘ i waer
transmigsion heat to interior
a
i 4 g 2-8. (a) Reflected luminance;
2-7. Light absorption, reflection, and e e et
transmission. illumination, reflectance, and transmittance
(with water analogy).
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34 Cmparian ) poculr, ) 2-10. Comparison of: (a) specular; (b) diffuse;
) sl fsaralctn, and (c) semidiffuse transmission.
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I | |
LIGHT SOURCE EFFICACY SOURCE
(lumens/watt)

Sun (altitude = 7.5 degrees) 90 lm/w (@)

Sun (altitude > 25 degrees) 117 Im/w (a)

Sun (suggested mean altitude) 100 Im/w (a)

Sky (clear) 150 lm/w (a) 42 () Typicel skydome with sun paths:

th) comespanding plan diagram for 4" north

Sky (average) 125 Im/w (a) Iatirude.

Global (average of sky and sun) 115 lm/w (a)

Incandescent (150 w) 16-40 Im/w (b)

Flucrescent (40 w, CWX) 50-80 Im/w (b)

High Pressure Sodium 40-140 lm/w (b)
41, Efficacy of various forms of daylight and W e R
electric lamps (sources: (a) Hopkinsen etal., isoluminance contours showing 181o |
1968 (b) LE.S., 1881). sun, becst ninety degrees from sun).

31
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n
p 8
44, (a) Typical overcast skydome; (b) plan

withisoluminance contours showing 3to 1
ratio(greatest al zenith, leas! at horizon).

B EEA B i

SEUEL LA A0 0 Bl R s AT BT RTTR RS

2-11. Floor plan with daylight factor isolux
contours. The contours represent lines of eqguard
illuminemce, measured in a horizontal plane
I abowve the floor. Widely spaced contours
represent o relatively uniformm illurminancoe

distribution.
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_. 2800
% 2400 st e =
-‘?. 2000 & |3 = i SR TIEE?.’!]IBFFM;!-:'-—.Ii"-rlr*'~|'-!-'1{ AR O
> L ! = |
= | e ; " = s 3
@ L 4, 5 " w/o light sheif
~ 1600 '?q_ 8 = . | 1
£ 1200 { X-""’"‘""‘“- °
k-] s - < o £
E ,w‘l /.’ \""‘h._ ~, ‘1'\-, ——
@ 800 pt—> —+—~4HOR
E __,.4' JI—F—\L\ - ~JE/W
& 400 - ~ /
hed==t" T"""‘“-— N 2-12. Section with daylight factor curves
D JFMAMGUJJASGONTD resulting from physical model studies of
alternative window configurations. Flat
; curves represent relatively uniform

10-1 Comparison o;rf;tcd solar energy illuminance in the horizontal workplane at

incident on various w ding surfaces by various distances from the window; steep

month. (S = south vertical, HOR = horizontal, curve slopes denote an abrupt illuminance

E/W = east or west vertical, N = north gradient.

vertical.) (After Mazria, 1979)
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sun S
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=f=
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% daylight factor

10-2. Comparison of interior illuminances:
{a} herizontal, flat skylight with high-diffusion
translucent glazing; (b) same with mirror-
finish reflector.

B EEA B i

10-3. One-to-twelve scale(I" = 1')test models
used for fenestration comparison
experiments: (a) wall fenestration model;

(b) roof fenestration model.
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PLANE: tilt = 30° Azimuth =0°
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B GLOBAL ON TILTED PLANE
3.57 kWh/mz.day

KWhi/mz.day

15490 SERH Bk o

SPRING™S EQUINOX

WikTEg

WINTER'S SOLSTIS
SOLAR HEIGHT AT MIDDAY SEASONS

Seasoms avi

41 42
5 /':: I'::
5 SO SR B Lo a b SO TR Bk pogisa
The arbit of the sun can be
Winter's solar course projected In 2 dimensions as
shown in the diagram.
E—
The selar coordinates are :
-The o
44

43




‘ Y S ok fopesa

VISIBLE

45

;{e#:

~The End ~

- Heating and Cooling of Building, J. F. Kreider and A.
Rabl, 1994, McGraw-Hill

- Concepts and Practice of Architectural Daylighting, F
Moore, 1985, Van Nostrand Reinhold.
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8.9 The use of bulk ceiling

insulation is beneficial for ottic

spaces in moderate climates os

con be seen. \/
right:insummer eatgoindbe  , ) ~
to heat build-up is redueed. ftis /|
important that the internal

spaces are well ventilated

otherwise the insulation can

trop heat ot night

Ieft:in winter heat loss from

the intermal spaces is reduced
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6.15 Alternative low
inclination roof configurations:
feft: typical roofing loyers

top: double roof, concrete
substrote, membrone, concrete
blacks

next; inverted roof. concrete
substrate, membrane,
insufation, paving

next: o5 obove but pods
substituted For insulation fo
give air gop

next: timber substrate, polymer
membrane, bonded poving
battom; insulotion, plywood
substrate, moisture barrier,
metal

right: imverted roaf system
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10.16 Mechanically assisted

airshaft system for domestic
scale buildings
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7.24 Section through the
Kempsey Museum showing
valve effects for winter and

SUMMer mode

Ventilotors

., 4 Summer sun
-y o

Winter sun
— o

Ventiation
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10.19 Graphs showing the Effects of stack height on air change rate for a 100 m’ unit
preliminary sizimg of elements 1.440
for @ solar chimney e give 1.20
ventitotion: 1.00
top: air changes per howrs for a T
porticular WAt size given o _§ Q.80
20 metre stack % 0.60
bottom: air changes per howr E‘:' 40
for o unit size of 100 m related '
to stack height :}‘!; 020
T 3,00
1 a 5 ) 1 13 15 19 21
Solar chimney height

i Air changes per hour per unit volume
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10.17 Plan and section of on T
air well showing g T e
thermal dynamic forces e I|I|_';:"""'"_""___‘——-.u--
S——p
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i s x g g
Air el
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Bed 1 I Bed 2 = I = .-.ﬁ""'”,;“‘"_h.."--,____f"-—
L | SRR —
l = n.I 'Ti‘
T ——
I Livingroom I |Bm’3 | ——— -
: 4

39
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10.22 Air shaft used in
conjunction with the verticol
circulation system
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salar thermal collectors

10.18 Solar chimney

proposed by 5.P. Rao for
apartments in Singopore. The
ventilotion system is driven by
heat generated from solar
thermal collectors locoted at

the base of the stack:

left: section through opartments
showing central corridor and ducts
below: plan of a typical bay

carridor with ducts

e i 0 s i O — Ly
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