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A3: Envelope Heat Transfer
References: Available by this weekend (course website)

Due next week
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ON RESERVE
caup library

9th Edition
Chapter 4

Thermal Properties of Building
and Insulations Materials

Assigned Readings by (beginning on page 147)

Section (not page)

IN REFERENCE
caup library

10th Edition

Appendix E

Thermal Properties of Materials
and Assemblies (beginning on
page 1547)
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STEP 1: Envelope Heat Transfer Coefficient (UA
Building Element U-value Area Ux Area
Orientation Element. BTU/hr ft* °F ft* BTU/hr °F i
South Door C
Window D
I. ENVELOPE UA Door 4
Windows E (2)
Door 5
(7] x A walls
BTU/hr ftz OF 5% ftz East Window C
Doors 6
Door 2
walls
North Windows A (3)
Window B
7 Window
2. INFILTRATION “UA” o vindon
oor
walls
VHC,,, xVolumex ACH
W Window C
018 BTUIf?°F x  ft? x no./hr = e
Ceiling/Roof
UA conduction
« ” STEP 2: Infiltration Heat Loss ("UA" infiltration)
3- PERIMETER UA Volumetric Heat Capacity (Air) 0.0 BTU/fE °F
Building Volume (ft") L
Air Changes per Hour (ACH) ACH
F X P
BT R x () R
STEP 3: Perimeter Heat Loss ("UA" perimeter)
Heat loss coefficient (F) BTU/hr °F ft
Length of building perimeter (P) ©

Determining UA
Step I: The Building Envelope (conductive heat transfer)

Q= UA XAT

envelope

Q = Heat loss or gain (Btu/h)
U = conductance (Btu/h sf °F)
A = area (sf)

AT = Toiside = Tinside (OF)

U ~ C (conductance)
C = 1/R (resistance)

Finding UA is a process of finding the R-values of each layer
of the building envelope
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Paths 1 & 2

Overall R-value of
Walls & Ceiling

Overall U-value of
Walls & Ceiling

E K c R Path 1 Path 2
™ conductivity Conductance Resistance (insulation) (framing)
] BTU-in BTU hr ft? °F hr 2 °F hr ft? °F
r4 hr 2 °F hr ft? °F BTU BTU BTU
¢ [outside air film
:: 1/2" wood siding 1.24
g 1/2" medium density particleboard
w
T [5-1/2" fiberglass batt insulation

5-1/2" wood framing (Douglas Fir)
m 1/2" wood fi Douglas Fi
-4 1/2" gypsum board
w
(%] Inside Air Film

R total
x 85% x 15%

STEP 1: Envelope Heat Transfer Coefficient (UA conduction)

Building Element
Orientation Element

U-value

BTU/hr ft? °F

Area

ft?

U x Area

BTU/hr °F

Description

South Door C

Window D

Door 4

Windows E (2)

Door 5

Walls

East Window C

Doors 6

Door 2

Walls

North Windows A (3)

Window B

7 Window

8 Window

3 Door

Walls

PARALLEL HEAT TRANSFER

West Window C

Ceiling/Roof

UA conduction
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Determining UA
Step 2: Infiltration (convective heat transfer)

Q = 018 x V_,;, x ACH x AT

Q = heat loss or gain

018 = volumetric heat capacity of air (BTU/ft3 °F)
ACH = air changes per hour

V.. = volume of air (ft)

AT =T -T

inside outside

STEP 2: Infiltration Heat Loss ("UA" infiltration)

Volumetric Heat Capacity (Air) 0.018 BTU/ft® °F
Building Volume (ft%) 9216 ft®
Air Changes per Hour (ACH) 1.30 ACH
"UA" infiltration = VHC x Volume x ACH 216 BTU/hr °F
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Farnsworth House Heat Transfer Coefficient (UA conduction)
Building Element U-value Area U x Area
N Description
Farnsworth House Orientation Element | sru/ne e % w sTu/ne
Walls, Doors
l ' “ South . 1.124 384 432
and Windows
ref
0
\Walls, Doors
East and Windows. 1.124 192 216
0
Walls, Doors
North and Windows 1.124 384 432
0
Walls, Doors.
West and Windows. 1.124 192 216
0
Ceiling/Roof 0.158 1152 182
0
Floor 0.112 1152 129
0
UA conduction = 1606 BTU/hr °F
STEP 2: Infiltration Heat Loss ("UA" infiltration)
Volumetric Heat Capacity (Air) 0.018  BTU/fe °F
Building Volume (ft’) 9216| ft*
Air Changes per Hour (ACH) ACH
NOte: "
“UA" infiltration = VHC x Volume x ACH 216 BTU/hr°F
o A” :
Step 3, “UA”, e imeter IS N0t
applicable since the Farnsworth »  STEP 3: Perimeter Heat Loss ("UA” perimeter)
: P : Heat loss coefficient (F [ na | o
House is not built with the floor in ent () BTU/hr F ft
Length of building perimeter (P) [ na | e
contact with the earth.
“UA" perimeter = F x P na BTU/hr °F
UA eference] 1822 BTU/hr °F

If the Farnsworth House was built with a slab-on-grade or a basement condition, the
Perimeter Heat Loss would have to be considered (Step 3) as follows:

Step 3: Perimeter
for slab-on-grade or basement conditions - not applicable to the
Farnsworth House

Q F x P xXAT

F = empirically derived constant
(Table E.I'1, pg. 1582)

P = length of perimeter (ft)

AT T -T

inside outside
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Table E.12

TABLE E.12 Heat Flow Coefficients (F,) for Slab-on-Grade Floors with Various Insulation Strategies

R-Value, Position, and Width (or Depth) of Insulation (Btu/h ft °F) (W/m K)
Uninsulated slab 0.73 1.26
R-5 (SI: R-0.88) Horizontal insulation, 2 ft (0.6 m), no thermal break 0.70 1.21
R-10 (SI: R-1.76) Horizontal insulation, 2 ft (0.6 m), no thermal break 0.70 1.21
R-15 (SI: R-2.64) Horizontal insulation, 2 ft (0.6 m), no thermal break 0.69 1.19
R-5 (SI: R-0.88) Horizontal insulation, 4 ft (1.2 m), no thermal break 0.67 1.16
R-10 (SI: R-1.76) Horizontal insulation, 4 ft (1.2 m), no thermal break 0.64 1.11
R-15 (SI: R-2.64) Horizontal insulation, 4 ft (1.2 m), no thermal break 0.63 1.09
R-5 (SI: R-0.88) Vertical insulation, 2 ft (0.6 m) 0.58 1.00
R-10 (SI: R-1.76) Vertical insulation, 2 ft (0.6 m) 0.54 0.93
R-15 (Sl: R-2.64) Vertical insulation, 2 ft (0.6 m) 0.52 0.90
R-5 (SI: R-0.88) Vertical insulation, 4 ft (1.2 m) 0.54 0.93
R-10 (SI: R-1.76) Vertical insulation, 4 ft (1.2 m) 0.48 0.83
R-15 (SI: R-2.65) Vertical insulation, 4 ft (1.2 m) 0.45 0.78
R-10 (SI: R-1.76) Fully insulated slab (insulated under entire slab as well as 0.36 0.62
around edge)

Source: Super Good Cents Heat Loss Reference, Vol. 1, Ecotope Group, for Bonneville Power Administration, 1988.

Insulation is extruded polystyrene, R = 5.0 h ft? °F/Btu-in. (SI: R = 34.7 m K/W).

Soil conductivity is 0.75 Btu/h ft °F (1.30 W/K m).

No thermal break at edge of slab, where so indicated. If a thermal break is provided with horizontal insulation, use the corresponding
value for vertical insulation.

Values assume an unheated slab (as per data in Table A-16 of ANSI/ASHRAE/IESNA Standard 90.1-2001, Energy Standard for Buildings
Except Low-Rise Residential Buildings); F, values increase substantially when slab is heated.
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TABLE E.11 Heat Loss Coefficients (F,) for Slab-on-Grade Floors

Table E.I'

R-5.4 h ft2 “FBtu
(SI: R-0.95 m? KW)

Btwh °F ft Perimeter WK m Perimeter
Degree Days Degree Days
(65 base) (18°C base)
Construction® Insulation 2050 5350 7433 1640 2970 4130
@ Block wall, 8in (200 Uninsulated 62 o068 072 107 117 124
), brick facing Insulated from edge to footer:
R-5.4 h ! F/Btu 48 050 0S6 08 08 097
(51 R0.95 m? KAW)
(6) Block wall, 4in. (100 Uninsulated 80 084 093 138 161
| mm), brick facing Insulated from edge to footer
R5.4 1 ft F/Bty 47 049 054 081 08 093
1R KAW)
(0) Metal stud wall, stucco~ Uninsulated 15120 134 199 207 232
Insulated from edge to footer
R-5.4. ft2 “FBlU 051 053 058 088 092 100
(51 R-0.95 m? KAW)
@) Poured concrete wal Uninsulated 18 212 273 318 367 4n2
with duct near perimeter®  Insulated from edge to footer,
and 3 ft (910 mm] under 64 072 090 1M 24 156
floor slab

ASHRAE H
authors,

ilustrations of

n 65°F [18°C).
To use this table:

wsi
b

JATON,

Source: Reprinted with permission of the Ame
Jbook—Fundamentals. The Sl un

he listed consiructio

[
d average temperature of heating du

igh perimeter
icients from a

an Society of Heating, R
for F, shown in th

q=Feat

(Btum or W)
o

orm)
ndoor and outdoor air (

@ 4 BLoCK WAL

sruceo

wsuLATION
Ro5e

ovpsuu
BRY WAL

@ METAL STUD WaLL

frigerating and Air-Conditioning Engineers, Inc. from 2001
e last three columns were appended {o the ASHRAE |- data by the

umed to be 110°F (43°C) during the heating season (outdoor ai temperature

be nonexistent

wsuLaTIon

svesum
Gav WAL
concaere

WALl

@ concneTe watt

oprinted with

e floors)
A 00k—

ASHRA

Heat loss coefficient (F)
Length of building perimeter (P)

"UA" perimeter = F x P

0.36

127.0

STEP 3: Perimeter Heat Loss ("UA" perimeter)

BTU/hr °F ft
ft>

46

BTU/hr °F
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Farnsworth House Heat Transfer Ci ici (UA ion)
Building Element U-value Area U x Area
Farnsworth House o Description
Orientation Element BTU/hr % °F ft? BTU/hr °F
ref South Walls, Doors 1.124 384 432
and Windows
0
Walls, Doors
East and Windows 1.124 192 216
0
Walls, Doors
North and Windows 1.124 384 432
0
Walls, Doors
West and Windows 1.124 192 216
0
Ceiling/Roof 0.158 1152 182
0
Floor 0.112 1152 129
0
UA conduction = 1606 BTU/hr °F
STEP 2: Infiltration Heat Loss ("UA" infiltration)
Volumetric Heat Capacity (Air) 0.018  BTU/ft® °F
Building Volume (ft®) >
Air Changes per Hour (ACH) ACH
"UA" infiltration = VHC x Volume x ACH | 216 BTU/hr°F |
UA eference| 1822 BTU/hr °F |

Predicting Building Heat Loss Under Worst Case (Winter Design) Conditions:

Qlosses = UAref x AT

Rate of Fuel Use = UA x AT
V x Efficiency

Fuel Heating Value (V) Typical Efficiency (%)

No. 2 oil: 141,000 BTU/gal 75
Natural Gas 1,050 BTU/ft3 75
Propane 2,500 BTU/ft3 75
Electricity 3413 BTU/kW 100
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Predicting Building Heat Loss Under Worst Case (Winter Design) Conditions:

Chicago Design Conditions
Winter Design Temp. (97.5%) -4°F
HDD65°F 6013

Summer Design Temp. (2.5%) 89/74

Furnace (heating plant capacity) Sizing:

Qosses = UA s x AT =1822BTU/hr °F x (68° - (-4°))
Qlosses =13 I) 184 BTU/hr

Rate of Fuel Consumption:

Rate of Fuel Use = 131,184 BTU/hr / (1050 BTU/ft3 x .75)
Rate of Fuel Use = 167 ft3/hr (natural gas)

Predicting Annual Purchased Heating

E = (UA) (DegreeDays) (24 hr)
(AFUE) (V)

Some Typical Values for Annual Fuel Utilization Efficiency:

Type of Furnace AFUE
Natural Gas, natural-draft w/standing pilot 64.5%

| Natural Gas, fan-assisted combustion 80.0% |
Oil, standard w/improved heat transfer 76.0%
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Predicting Annual Purchased Heating

m
1l

(1822 BTU/hr °F ) (6013 °F days) (24 hrs/day)

(.80) (1,050 BTU/ft3)

m
1l

313,020 ft3 natural gas per year

Farnsworth House Heat Transfer C ici (VA
Building Element U-value Area U x Area
Farnsworth House o Description
Orientation Element BTU/hr 2 °F ft? BTU/hr °F
ref South Walls, Doors 1.124 384 432
and Windows
0
Walls, Doors
As BU I LT East and Windows 1.124 192 216
0
Walls, Doors
North and Windows 1.124 384 432
0
Walls, Doors
West and Windows 1.124 192 216
0
Ceiling/Roof 0.158 1152 182
0
Floor 0.112 1152 129
0
UA conduction = 1606 BTU/hr °F

STEP 2: Infiltration Heat Loss ("UA" infiltration)
Volumetric Heat Capacity (Air) 0.018  BTU/ft® °F

Building Volume (ft) 3
Air Changes per Hour (ACH) ACH

"UA" infiltration = VHC x Volume x ACH | 216 BTU/hr °F

UAeference]

1822 BTU/hr °F |
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Farnsworth House Heat Transfer C ici (VA
Building Element U-value Area U x Area
Farnsworth House o Description
Orientation Element BTU/hr ft? °F ft? BTU/hr °F
UAref Walls, Doors
South and Windows 0.038 384 15
0
AFTER Walls, Doors
RENOVATIONS =" 7
0
Walls, Doors
North and Windows 0.038 384 15
0
Walls, Doors
West and Windows 0.038 192 7
0
Ceiling/Roof 0.158 1152 182
0
Floor 0.112 1152 129
0
UA conduction = 355 BTU/hr °F
STEP 2: Infiltration Heat Loss ("UA" infiltration)
Volumetric Heat Capacity (Air) 0.018  gTU/ft °F
439 BTU/hr °F i vl I R
Building Volume (ft%) 9216 ft
VvS. Air Changes per Hour (ACH) ACH
1822 BTU/hr °F
"UA" infiltration = VHC x Volume x ACH | 85  BTU/hr°F
o/
76% improvement
UA eference| 439 BTU/hr °F |

Q in =
Q gains =

Qlosses= UA x (T in ~ T

T

balance point

=T.

Balance Point Temperature
Thermal Equilibrium between Inside and Outside

Q out

Q losses

outside )

Q gains = Q free + Q purchased = Q losses

Q fee = people + lights + equipment (and sun!)

Q purchased = purchased heat (boiler, furnace, etc.)

UA x AT

Balance Point Temperature:

anins I'UA
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Determine Internal Loads
PEOPLE ¢ LIGHTS ¢« EQUIPMENT
ENVELOPE e INFILTRATION

MEEB 10th, pg. 1610

Determine Interal Loads
PEOPLE ¢ LIGHTS ¢ EQUIPMENT
ENVELOPE e INFILTRATION

MEEB 10th, pg. 1610
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