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) \ Solar
. ). ’ )HH radiation
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Total Heat, \V Sensible Eatant % Sensible 'Heabt that is
Adult Adjusted, Heat. Heat. Radiant

Degree of Activity Male M/F? W W Low V High V"
Seated at theater Theater. matinee 115 95 65 30

Seated at theater, might Theater, night 115 105 70 35 60 27
Seated. very light work Offices, hotels. apartments 130 115 70 45

Moderately active office work Offices. hotels, apartments 140 130 75 55

Standing, light work: walking Department store; retail store 160 130 75 55 58 38
Walking. standing Drug store. bank 160 145 75 70

Sedentary work Restaurant® 145 160 80 80

Ll (pe Adlide eVl L3 ) J8 e Lplas daliail) ey anal)

g



LAl Jlaalyd

B P PO gt

.l & (Radiant) g3Y1 5 (Conviction) o) sl deall 4 ) a canlSal jobas & 3 )WY Jiluy o
oY 5 sy aell (8 25l OV ges 3k Sllin e
ALl il 401SaY) Ll (LED)J 34

Internal loads

mCD
=
S  T12fluorescent lamp n
2 with magnetic ballast
8§
o T8 fluorescent lamp m
with electronic ballast
Clear glass® m
.CU) ‘
= vegesst IS
= d
=2 bronze glass
)
o

Spectrally selective,
tinted low-e glass® m
| | |

|
0 20 40 60

Heat gain (watts) per 1,000 lumens
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Continuous, W Energy Saver Mode, W

Computers®
Average value DS 20
Conservative value 65 25
Highly conservative value 75 30
Monitors®
Small (13 to 15 1n.) 55 0
Medum (16 to 18 1n.) 70 0
Large (19 to 20 1n.) 80 0

MAJ}AJS‘ }M\BJ@AT&DJ\)&M alSa

Energy Rate, Eecommended Rate of Heat Gain,® W

W Without Hood With Hood
Appliance Size Rated Standby Sensible Latent  Total Sensible
Hot plate (single bumer. high speed) 2800 — 1310 910 2220 1040
Microwave oven (residential type) 30L 600 to 1400 — 600 to 1400 — 600 to 1400 0
Refrigerator (small) per cubic metre of interior space 0.17t00.71 m° 1730 —_ 690 — 690 0
Steam kettle (small), per litre of capacity 23t045L 260 — 21 14 35 10
Toaster (small pop-up) 4 slice 2470 — 1310 1160 2470 790
Oven (small convection). per cubic metre of oven space 0.04t0 0.15 m? 107000 — - — - 1520

SOURCE: ASHRAE Handbook Fundamentals 2005
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low temperature high temparature
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Block A has a higher temperature " heatflow > The two blocks are the same
than block B. : temperature and heat flow stops.

Heat is transferred from the
warmer block to the cooler block.
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Building Heat Transfer

Tout > Tin

Sun radiates heat to the roof

A

D

y‘%

v ¢ 9

Heat Ls conducted through the
roof radiated into the space
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Tout < Tin

C

Heat is conducted

through the roof
to the outside and
j J is lost
: D * |

o |

Heat is conducted from
the warm air lo the roof

Convection causes warm air torise
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Adlid e 3 sl Ayl yall dlec sal
Material [1-K1 [W-m-

»Y Brick 0.6

Al gall anls 4 g yrall 3 gl (0 dpald e Ll aaing Jua gl osull Concrete 1.7

(A) (ALl cuil 2l Granite 3.5

F . ) 1l Gypsum 0.22

(Y o] 1) 51yl (385 46 Jie ol sesll BYP
sl Iron 84
A: thermal conductivity in W-m-1-K-1 sl )all Joa gill Light-weight 0.14
—wid o gllconcrete
055
Mineral wool 0.04
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Question of the Day
Label the heat movement as
conduction, convection or radiation.

1.Lava Lamp 2.Fire 3.Spoon In
soup




H b
!

O

o —
ad

g

=

d

Convection

| Radiation 1

<

HHHHFHHH??H

sl 8 s ) pall Jaall (e 33l —e Ll 350 ) Ji

Building Heat Transfer- using convection for ventilation
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Hot air is drawn up and out of
the ventilation tower.

Indirect light is bounced into the
clerestory space and sunroom

to illuminate the middle
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Reflective roof coatin \
Powered hot air g s

exhaust vent Windows can be opened for

air flow through house.

Hot air exhaust
is vented through windows
and by a powered exhaust vent.
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“Solar Slab” stores cooler air during the
night and releases it throughout the day.
Air flow is controlled by economy setting of HVAC.
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ﬁ :[ 4) Hot air rises out of the chim-
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-~ 1) Cool air drawn

into the house

3) Sunlight heats up 2) It is drawn to the through windows
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the cool air in the and vents.
chimney, causing it chimney, ventilating
to rise. the house.
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PASSIVE NATURAL VENTILATION STRATEGY CHIMNEY, USING CONVECTION,
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S DOUBLE SKIN FACADE
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Question of the Day

Explain courtyards behavior in building
physics language

wee 08 2% Com) i

]
‘\’% //////M 27 {//////

\3_ il 1RCeniy et 0>







H b
!

O

o —
ad

g

=

d

Convection

| Radiation 1

<

HHHHFHHH??H

sl 8 s ) pall Jaall (e 33l —e Ll 350 ) Ji

Building Heat Transfer- using convection for ventilation
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Air flow is controlled by economy setting of HVAC.
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ECBC: Building Envelope

Requirements: Mandatory el 31 il
[ S S LA S 2 W

el alyl s bl e 3yl ) Jglaall e U-factors saas
ASHRAE 2005 52 8205

Resistance® (R)

Description Density Conductivity? Conductance 1/k, For Specific Heat
kg/m? (K), W/{m-K) (C), K-m?/W  Thickness  kJ1/(kgK)
w/(m2K) Listed
(1/c),
K-mif w

BUILDING BOARD

Asbestos cement board............... 1900 0.58 — 1.73 — 1.00
Asbestos-cement board....3.2 mm 1900 — 187.4 Fa 0.05 —
Asbestos-cement board....6.4 mm 1900 — 93.7 — 0.011 —
Gypsum or plaster board. 9.5 mm 300 — 17.6 — 0.056 1.09
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Requirements: Prescriptive (Opaque Walls(
(3358 yuad) ol panll) Al 3Y) cltlaial
B /Wb stV s\

ohall af aea e & U-factor J oY) aall

(Lsedll (8Ll 52 ) san 8 J3adl e & R-value J aY) asll

Table 4.2: Opaque Wall Assembly U-factor and Insulation R-value Requirements

Hospitals, Hotels, Call Centers Other Building Types

Climate Zone
(24-Hour) (Daytime)

Maximum U-factor

SF sk e Minimum R-value of  Maximum U-factor of the  Minimum R-value

scsembly insulation alone overall assembly of insulation alone
(W/mz_oc) (mz.OC/W) (W/ml'oc) (mz’oqw)
Composite U-0,440 R-2,10 U-0.44() R-2.10)
Hot and Dry [J-0.440 R-2.10 1J-0,440 R-2.10
Warm and Humid [J-1,440) R-2.10 U-1),441) R-2.10
Moderate 1J=0,44() R-2,10) U-1).440 R-2.10
Cold L)-0,369 R-2,20) U-0.352 R-2.35
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Requirements: Prescriptive (Roofs(
((<audd ) Al 1Y) cllkial

L v b e NS I\

L il ad JalS pen e il U-factor J Yl aal

LA sl uS\.a\ O eda gl J ) e =4 R-value J L,,_HJ‘Y\ Aall

Climate Zone 24-Hour use buildings Daytime use buildings
Hospitals, Hotels, Call Centers etc. Other Building Types

Maximum U-factor  Minimum R-value of Maximum U-factor of the  Minimum R-value

of the overall insulation alone overall assembly of insulation alone
assembly (m>°C/W) (W/m2-2C) (mZ-C/W)
(W/m?>-°C)
Composite U-0.261 R-3.5 U-0.409 R-2.1
Hot and Dry U-0.261 R-3.5 U-0.409 R-2.1
Warm and Humid U-0.261 R-3.5 U-0.409 R-2.1
Moderate U-0.409 R-2.1 U-0.409 R-2.1
Cold U-0.261 R-3.5 U-0.409 R-2.1
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ECBC: Building Envelope

ECBC Requirements: Prescriptive
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Recommended Solar Reflectance

Best Available Solar Reflectance®

Roof slope — : = .
Initial 3Years after Installation Initial 3Years after Installation
Low-slope (<(2:12 %650r greater %500r greater %87 %85
High-slopec(<(2:12 %250r greater %150r greater %77 %60
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ECBC: Building Envelope

Fenestration: Outline il — b
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ECBC: Building Envelope

Heat Transfer 5l el Jas
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ECBC: Building Envelope

Solar Heat Gain Coefficient (SHGC(
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SOURCE: ECBC User Guide, USAID ECO-IIl Project, New Delhi

Direct and
re-emitted energy

Heat gain due
to direct solar

radiation in an enclosed
space
Outside Inside

(@) incidentsglat
radiagion L 4 (b)idirectly

4 B = transmitted

heat

c) reflected
heat

(d) absorbed heat

‘ J—;p (f) re-emitted

heat

(e) re-emitted <=
heat

SHGC of 0.4 allows 40% solar radiation
through and reflects 60% away



ECBC: Building Envelope

Shading Coefficient (SC) & SHGC (SC) & SHGC ksl Jule
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ECBC: Building Envelope

Visual Light Transmittance (VLT( (VLT) il ¢ gazall 400
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