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Ch. 4 Steady state thermal analysis
16 i B A 47

Steady-state thermal analysis is evaluatlng the thermal equilibrium of a system in which

the temperature remains constant over time. In other words, it involves assessing the
equilibrium state of a system subject to constant heat loads and environmental conditions
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APPENDIX 4.1
SKETCHES OF COMMON WALL CONSTRUCTION TYPES
Taken in part from the 1985 ASHRAE Handbook of Fundamentals,

5’1 - American Society of Heating, Refrigerating and Air Conditioning Engineers, Atlanta GA
v W m Used by permission
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~~~~~

. e standard wood-framed partition wall NXRARNNN |
- PR RN P
S AAMAAANSNANTYT R

S5S

........

AL

concrete blocks

ARRARAERYAAY o
PR RERRED
AR AREEARR T -

e — foam board insulation

siding

PN |

inside sheathing

full-thickness insulation,
wood framing

outside sheathing
wood siding

sheathing

open cavity, ,
pewood '}?aming |- l

sheathing

inside sheathing

full-thickness insulation,
wood framing

outside sheathing

metal siding



-

.-'---
-
< >

SiERG PR OE .

Ex.4-1 %2 £ % 203.2mm 5 & Rk B(Z #FFV) b iR BREM Z p b gt g B R
B E PN HE R & B 5 15 2 -50°C - The walls of a dairy barn have constructed of (three oval core)
concrete blocks 203.2 mm thick (8 in. blocks). Determine the R-value of the wall and estimate the
temperatures of the inside and outside surfaces when it is 15 °C indoors and -5 °C outdoors.
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15C -5C

15C o——" V" oo g 5C

R=0.12 1 R=0.2 1x R=0.03

t, = 15- (0.12/ 0.35)(15— (-5)) = 8.1 C

15— ((0.12 + 0.20) / 0.35)(15 — (- 5)) =- 3.3 C
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Thermal of and Insulating Materials— Valoes*
Dexcription Density Conduc-  Coadec- Resistance (R) Specific
kg/m? tivity tance Heat
) © Per meter Foqphick- W/
W/me"C W/mi+*C  thickness ness listed g+ "0
b~ )
PLASTERING MATERIALS  SF% ] $7 7L
DU OSORING .+ i v isvisnssivsnsvsaving 1680 0.506 - 1.25 - (8 %)
Sandaggregate. .. ..ottt 120mm 1680 - 6).05 - 0.016
DA« - s ocisvass isdasss I58mm 1680 - 51.69 - 0.019
Sand onmetallath ........... 19.05 mm - - 4.4 - 0.023
VTG AGITERRME e v e o - ) s
MASONRY MATERIALS paR Y]
C < v/ 4 y<
Cuem;otwf ..... PO LI 18%6 0.720 - 139 -
iber concrete §7.5% gpypsum,
MR o, .
including ex- 1920 0749 - 1.32 -
shale, clay or slate; expanded :g 8% — ;9’: -
e %0 0.245 - “ -
60 0.166 - 597 -
489 0.130 — .2 -
Perlite, expanded 23 &l?l 3-3’3
L o Y L m o-m ’:”
20 0.0m2 13,88 1.
of stone aggregate
s‘(;!:‘&idm T vensaNsessRaTRIsAs AN E 20 1.29% - 0.7 o
of stone aggregate
(oot dried). .......... cetccscesenseses 240 1.728 — 0.56
P iissssssespoce 1856 0.720 - 1.39

B g

Thermal Properties of Typical Bailding and Insulating Materisls—Desiga Valses' _

Description Density Conduc Coadec- Resistance (R) Specific
kg/m? tvity tance Hent
W (] Per meter For thick- W/
W/me'C W/mie*C  thickness ness listed g+ O
— '-'—
MASONRY UNITS £~ "H- & =
.............................. 1920 0.720 - 1.39 - 080
| A S A R SRR 2080 1.296 - 0.76 -
.......................... 76.2 mm — — 7.10 - 0.4 0.88
......................... 101.6 mm -— - 5.1 — 0.20
......................... 124mm -_— — 3.7 — 0.27
......................... 203.2 mm -— — 307 - 0.33
......................... 254.0 mm - —_ 2.56 - 0.39
......................... 304.8 mm — - 227 - 0.44
Concrete blocks, theee aval core:
Sand and gravel aggregate - — 7.95 - 092
-— —_ 2_:;\/ -
Cinder aggregate 5 - 6.59 - 0.15 0.88
- - s.n - 0.20
- - 3.9 - 030
= o o - 022 0.88
aggregate — s . - .
- - 8 - 0.26
ice = E 2.84 - 0.35
— - 2.50 — 0.40
Concrete blocks, rectangular core.
te
o, e 203.2mm, 16.3 kg e 5.4 01 09
Same with filledcores' . ... .. ... ........... - — 295 034 09
Lightweight aggregate (expanded shale,
e or slag, pumice):
R AR 1524 mm, 8.6kg - - .46 - 02 088
Same with filledcorest ... ................. - — 1.87 - 0.53
20000 M. Janinategansnas 203.2mm, 10.9kg - — 2.61 = 038
Same with filledcores' ., .................. - - 1.14 - 0.8y
................. 304.8 mm, 17.3kg — - 2.7 —_ 0.44
Samewithfilledcores’ ... ................. - - 0. - 102
o e R - 1.800 - 0.56 — 0.80
Gypsum partition tile:
76.2+ 3048« 762.0mm, solid. ,............... -~ - 449 0.2 0.80
76.2 « 3048 « 762.0mm, d<ell .. .............. - — 420 - 0.2¢
1016+ 3048+ 762.0mm, 3cell ........._..... 3.41 0.29




EX. 4-2 4 Bl#11 » £ Af=345p Bl(inside sheathing)i# * 15.88 mm 5 Douglas fir plywood= % 4= » ¢} ig]
(outside sheathing)i * 12.7 mm 5 - 4% & enga g G ¢h 41111 mm 5 A %\i&f&;‘%’P & (siding) o p #F iRl
BenZz B g gl - Bk et 2 g 2 e L 2m KIW > G5 F AF FHBREBLR & *‘*‘ﬁ FOEE O~ i)
Ik R? Azd 889mm & - 38.1mm B (2X4 dEfEAiE) e o

Between
framing

frame

/

1 m? of Insulated materials: Rj,qsteq = 2-86 M?K/W
0.8 m? of Insulated materials and 0.2 m? of framing: R, .., = 2.2 m?K/W

0.8/2.86 +0.2/1.15 =1/R
Ryveras = 2-2 M2K/W

overall




0.8/2.86 + 0.2/1.15 =1/R..| 0.8/X +0.2/1.15=1/2.0
Roveral = 2.2 M?K/W X =2.45 m?K/W

%",Roverall = 2.0 m*K/W EIJRinsulatedzz-45 m2K/W ¥ >+ #0041 m?K/W -

F 4 ¢ oz i (cavity) I RE ST 2 0t d 229 % 0410 18 1.88 m2K/W -

0.8/2.45+0.2/1.15 =1/R

overall

RoveraII =2.0

0.12

0.14

1.88
0.23
0.05
0.03

2.45




EX. 43 REZFPEENEER RT3 » g K (thermal curtain) @& * & & H ip
= 4r s (foil-faced fabrlc) 1T 5 (loose-weave) P33 Fg 20 mm o KRS R A S
B 0 ARG ko 6 fFH S S 02 ¥ - B5060 A KT 4w X ES N

1. 4ringty b

2. 4Fin7 K#PT

3. FEW% ’9“ FRAE a) b0 T K AR (aE) T

4

GH egve
L 4

Fahric with fail on
one side

=l

P REAR AR T 0 T R OSRAR Jh P
R — ﬁé_ ﬁx’t IR E =R

i : ¢ s effective emittance o i
Appendix 3-5, p397. Surface resistance 4 Appendix 3-6, p398. ¥ i & p #& /= & I R value of the Airspace

h =4.02 + 5.82¢ ... [4_1] B2k Alr space (T 3238 2 10°C » ;8 £ 5.6 °C » Airspace 19.1 mm 3 # 31T % 7920 mm
S . _ 5 effective emittance (value of E) = 0.11 (in between 0.05 and 0.2)
top/bottom surface g f2 R = 1/h; R = 0.39 + (0.11 — 0.05)(0.30 — 0.39)/(0.20 — 0.05) = 0.35 M2K/W
o h, R % E =043 (in between 0.2 and 0.5), R = 0.30 + (0.43 — 0.20)(0.20 — 0.30)/(0.50 — 0.20) = 0.22 M2K/W
% E=0.18 (in between 0.05 and 0.2), R = 0.39 + (0.18 — 0.05)(0.30 — 0.39)/(0.20 — 0.05) = 0.31 m2K/W

0.2 5.18 0.19
0.6 7.91 0.13

Plain air space 75 »<ig & 5 (effective emitta 234
wh




THERMAL RESISTANCES OF PLANE AIR SPACES
Taken from the 1985 ASHRAE Handbook of Fundamentals, American

Appendix 3-6, p398.

Society of Heating, Refrigerating and Air Conditioning Engineers,

Atlanta GA
Used by permission

Table 2A  Thermal Resigtances of Plane® Alr Spaces™”
-
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EX. 4-4 35 % 2 R AR B RS 5] 25 MKW S & 5 dop g % 1011 mm B kR A
® FE &% %5 ePU % e 45 (polyurethane foam boards) % & #4442 ?

Design the wall using steady-state analysis to meet this goal.

Concrete blocks

>0 X X DO

Inside surface resistance: 0.12

Concrete block resistance: 0.12 (check + # = {%)
Concrete block resistance: 0.12 (check + # = {%)
outside surface resistance: 0.03 sum = 0.39 m2K/W
0.12+0.12 + 0.12 + 0.03 = 0.39 m?K/W

R value of 2.5 m?K/W is desired.
The insulation must provide 2.5 - 0.39 = 2.11 m?K/W

Foam insulation
Concrete blocks

Thermal Properties of Typical Bullding and Insulating Materials—Design Values*

Dewcription Density Conduc- Coadec- Resi (1] Specific
kg/m? tvity tance Heat
[0} o Per meter For thick- W/
W/me'C W/mie*C  thickness ness listed g+ *O)
MASONRY UNITS
COMMONT & it iannnrnrnrarennintacnnns 1920 0.720 = 1.39 - 0.80
A B I S R R K 2080 1.296 - 0.76 -
Clay tile, hollow:
TOMARD .5 onenonnnsemscaonsessies 76.2mm — — 7.10 - 0.l4 0.88
JOUBAD uvauonsinsasnonnosaenss 101.6 mm - - 5.1l - 0.20
y L R T e A 152.4mm - - 3.7 - 0.27
L TR R R A AT A 203.2 mm - - .07 — 0.33
BOMMAND, . oo iiain e ntnsseves 254.0 mm — - 2.56 - 0.39
L A U 304.8 mm - - 2.7 - 0.44
Concrete blocks, three oval core:
Sand and gravel aggregate . .......... W - - 2.95 - %— 0.92
............. .4 mm - - s.u\/ - .
............. 304.8 mm — - 443 - 023
(= T R R e e 76.2 mm — —- 6.59 — o.15 0.88
.................... 101.6 mm — — 1 - 0.20
.................... 203.2 mm - - 3.9 - 0.30
e N R R A NN P Td e 304.8 mm — - 3.01 -- 033
Light CAgEregate . .....0ovnuun.. 76.2 mm — — 4.49 — 022 088
expa shale, clay, slate ......... 101.6 men - - 38 .- 0.26
OF SIAg PUMICE . . .y, 203.2 mm - - 284 — 03
..................... 304.8 mm — - 2.50 — 0.40
Concrete blocks, rectangular coce.t
Sand and fnvd aggregate
o R T P 203.2mm, 16.3 kg - - 545 - 0.18 on
Same with filledcores . .., ... ... ... .00000n.s - - 295 — 0.34 0.92
Lightweight aggregate (expanded shale,
clay, shate or slag, pumice):
SO s e anrnan s anss e 1524 mm, 8.6 kg - - 46 - 0.29 088
Same with filledcorest . ................... - - 1.87 - 0.53
e X g G 203.2em, 10.9kg - — 2.61 .- 0.18
Same with filledcores ., .. ................ — — 1.14 - 0.89
X S R B 048 mm, 17.3kg — - 227 - 0.44
Samewithfilledcoses’ . ................... - - 097 - 1.02
OB, HMC OP SRR, + <« 2o s o vnioioesidsins e tass - 1.800 - 0.56 — 0.80
Gypsum partiton tike:
76.2« 3048« 762.0mm, solid, ,.............. - — 4.49 - 02 0.50
762« 3048« 762.0mm, dcell ,............... - - 4.20 - 0.24
101.6« 3048+ 262.0mm, 3<ell . ........., . - - 141 - 0.29




Appendix 3-2, atp387 & A B * 1= H 4L

INSULATING MATERIALS

R M ek B

Blanket and Batt?
Mineral Fiber, fibrous form processed
from rock, slag, or glass

approx.c76.2-10l.6mm..............0eu... 4.8-32.0 — 0.52 1.94%
approx.c 88.9mm .. .................. e 4.8-32.0 0.44 — 3506
approx.© 139.7-165.1mm . . ................. 4.8-32.0 - 0.30 — ':F
approx.c 152.4-177.8 mm ... ............... 4.8-32.0 0.26 - 3am
approx.© 215.9-228.6mm .. ... .....uurunannn 4.8-32.0 0.19 5.28b
approx. 3048 MM ... ... 4.8-32.0 — 0.15 6.69
Description Densi!)y Conduc- Conduc- Resistance (R) Specific
kg/m tivity tance o Hea f L7 -
() (o) Per meter For thick- k.l/' 1 m .%‘ m — 4 . 38
W/m+°C  W/m?«°C thickness ness listed (kg* °C)
22l R %4 211
Board and Slabs e so s Y = .
I 4 22 Fif PLF "
Cellularglass .....%.....%. Ll iege meishn sl SRS 136 0.050 — 19.85 — 0.75
Glass fiber, organicbonded ..................... 64-144 0.036 - 27.76 - 0.96 454 ") r
Expanded perlite, organicbonded. . ............... 16.0 0.052 — 19.29 — 1.26 - L'— dTA N Fﬁ]
Expanded rubber (rigid) ...l 72.0 0.032 —_ 31.58 — 1.68
Expanded polystyrene extruded
Cot el BTIIOE - o 505 w0 smsnmumbkbna 565 S50 55 28.8 0.036 - 27.76 — 1.22 *x —_—
Smoothskinsurface . .............oooiiiian 28.8-56.0 0.029 — 34.70 - 1.22 2 . 1 1 / 4 3 . 3 8 1 O O —
Expanded polystyrene, moldedbeads . . ............ 16.0 0.037 - 23.25 -
RS RS e e 20.0 0.036 - 27.76 - —
24.0 0.035 = 28.94 L i 4 8 6 }'
28.0 0.035 — 28.94 — — ] C m %‘
32.0 0.033 — 30.19 — —
Cellular polyurethane¢ (R-11 exp.unfaced). .. ...... 2.0 _0.023 - 4338 &~ — 1.59
Foil-faced, glass fiber-reinforced cellular i _
Polyisocyanurate (R-11exp.)d ..........covnnnn. 32.0 0.020 - 49.97 - 0.92
Nominal 122010 . cvcoocvessonennssnnsnnnns — 1.58 — 0.63
Nominal 25.40mMm . ....covvveenneennennnnnns - 0.79 — §.27
Nominal 50.80mm .......covvviinennennnnnnn — 0.39 — 33
Mineral fiber withresinbinder ................... 240 0.042 — 23.94 — 0.7
Mineral fiberboard, wet felted
Coreorroofinsulation .........cooeveveeeennn. 256-272 0.049 — 20.40 —
AconsticAl Blle: : .sviu v oo e stons weiis wus s 288 0.050 — 19.85 — 0.80
ACOUSHCRI I . o s s v voe vovin sasaisios o saswoss 336 0.053 — 18.74 -
Mineral fiberboard, wet molded
Acousticaltile® ...........cciiiiiiiiiennnn 368 0.060 - 16.52 - 0.59
‘Wood or cane fiberboard
Acousticaltile® .........ccccveieennn 12.70 mm — — 4.54 — .22 1.30
& e ARl R 10 NAC e e — 101 _ 232



Thermal Properties of Typical Building and Insulating Materi« i« ! resign Values*

) ) T 2 » ) Y Description Density Conduc-  Conduc- ____ Resistance (R) Specific
- o (©) Per meter For thick- K/
A \ W/m+°C W/m?+°C  thickness ness listed (kg* °C)
LOOSE FrLu
Cellulosic inpslation (milled paper or
WOOAPRIP) . o v aeecrnrnar s eanae e 16.8-51.2  0,039-0.046 - 25.68-21.72 - 1.8
WWM n;wmm ......................... ;)3-52:00 g.g; — gﬁ - :g
» , s 2e L SOMWOORS . o i e X A - . - .
° ___’? 3 ‘:‘ﬁ l.’]/’J':\’L 3 = =\ Perlite, CXPANGEd « .1 v eucasnrrrasisrrnasasinene
7 7T =Yg X El PE» 32.0-65.6  0.009-0.045 25,68-22.90
65-118  0.045-0.052 22,90-19.43
) R T R 118176 0.052-0.080 19.43-16.66
S » N . Maneral ( o )
o X = 715; F = 3F '# = 1R-n )l om0 1 P SRR 96320  — - L4 on
— -~ P YARRRAL A 7 ARrOR. 165.1-22. 300 .. oooeeasrrnnsssnnnn 9.6-32.0 25 - 14
190.6-254.080M, , .. ccvurrrmacsrirrnne 9.6-120 - - 1.87
260.4-349.3MM. . currreaanrrnaaan 9.6-32.0 - - 528
Maneral fiber (rock, slag o glass)
appeox. 53.8 mm (closed sidewall application). .. . ... 32.0-56.0 - - - 246
Vermiculite, exfoliated . . ..oovvrroaaiiimrnanaies 12-131 0,063 - 14.78 — 1.4
64.0-96.0 0.063 15.75 -
FIELD APPLIED
ol ToamalPresartuofT Lo Polyurethane fORM . . .. . ..oaussssnsssrnnnness U000 002-00 - 98B0 -
Ballding ting Materials— Ureaformaldehyde fOam . . ..o ooinanrnrreaanns 11.2-25.6 0.032-0.080 - U838 -
stertals—Design Valoes® Soeay cellulosic flberbase - ... .oooooeesszeneens 120960 0015008  —  '11-2894 =
Density
e Doy Costec:  Coater Resistance (R) Geac  PLASTERING MATERIALS 31~ f1] 4 bl
e W Per meLer For thick- g Cement plaster, a8 aggregate . .......ooveisinos 1865 0.720 - 139 - 0.84
m W/mie'C  tickness  meslisted (g0 SandAERICRAE. .. cervrnrnnneiiraannn 95imm  — - 15.54 - 0.014 0.84
Sand ABEIEHALE. . + v v vvaeviiiinn e 19.08 ma - - 1.8 - 0.026 0.84
PLASTERING MATERI L~ By N sum p‘.‘"m
; as b R 4 R Ehtweight ARSFCRME . ..o .oeeo 20mm 10 - 1.2 - 0.056
Sand aggregate Lightweight agEregate . . ..o 1588 am 720 — 15.17 - 0.069
e e L T 1 0.906 . - Lightweight agg. onmetallath. ... .. 19.04 main.  — - 12.10 - 0.083
smw,_.__j;;;;;;;;;;;;;:::;}3: :g - 6.05 & o 08 Perle AREIERAE . - o cecavvrraneerunnannesssns 720 0.216 - 4.65 - 1.3
3“‘"“‘“@‘;";"' G 19.05mm - - z;g - 0.019
........................ 720 0.24% shot "'0'9 0.0
-y VIR G e e "
" / - { ) k\ ?“ '; " M : “XT g A
. At" o \ g h’\v \
S { MW | \
‘\. il P \ ) 1 b (3
/\ Y Q \ \ G )
.\ ‘ L [
387
S
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Appendix 4-2, at p400: Overall thermal resistances of glazing.

Storm sash



https://www.google.com/search?q=storm+sash+windows&hl=zh_tw&source=lnms&tbm=isch&sa=X&ved=2ahUKEwjK1-Lkqtj6AhUTqFYBHYGLDn8Q_AUoAXoECAIQAw&biw=1132&bih=579&dpr=1.5
https://www.google.com/search?q=storm+sash+windows&hl=zh_tw&source=lnms&tbm=isch&sa=X&ved=2ahUKEwjK1-Lkqtj6AhUTqFYBHYGLDn8Q_AUoAXoECAIQAw&biw=1132&bih=579&dpr=1.5

B. Windows (vertical), no indoor shades, glass outdoor storm sash

with 25 mm air space

Thermal Resistance, m2K/W
Type Winter Summer
Single glass, clear,
surface emittance of 0.84 . 0.43 0.36
0.60 0.37 0.29
0.40 Q.40 0.29
0.20 0.43 0.36
Insulating glass, duublé,
2 mm air space, 3 mm glass 0.48 0.43
& mm air space, 3 mm glass - 0.50 0.45
13 mm air space, & mm glass Q.56 0.45
Insulating glass,'triple,
S mm air space, 3 mm glass Q.67 0.56

Adjustment factors for wlndnws (multiply R-values in parts A

>1 A

Wood Frame 'i
Single glass n 1.05 - 1.18
Double glass. ' 1.00 - 1.11

Triple glass 1.00 - 1.05
Storm sash applied .
over single glass 1.00 - 1,11

Storm sash applied

over double or triple glasa 1.00 = 1.05

and B by these factors)

Metal Frame

0.91
Q.77
C.&7

0.71

Q.67

-

1.00
0.83
.77

Q.83

0.77

<1



D. Greenhouse Glazings

. _ Unit Area Thermal lj I
Material (includes surface resistance) Resistance, m2K/W y ]
Glass, single 0.16 i}l: * N
Glass, double, & mm air space . : 0.25 a” - y
Polyethylene film, single 0.14 — i
Folyethylene film, double, 100 mm space 0.25 A
Fiberglass reinforced panel 0.15 ?F ~
Double panel, acrylic or polycarbonate 0.3 Jﬁ !
13;&
Notes:
a. Winter conditions are -18 C outdoor air, 21 C indoor air, and

24 km/hr (&6.67 m/s) wind speed.

Summer conditions are 32 C outdoor air, 24 C indoor air, solar
radiation of 782 W/m2, and 12 km/hr (3.33 m/s) wind speed.
Manufacturer®s data should be consulted for more accurate data
for specific products, especially for thermally improved
windows.

Data cbtained from the ASHRAE Handbook of Fundamentals.
‘Lonsult that reference for more detail and other glazing
configurations. ' :



F-Clean (B & )% " # 2 X § 2 . &P 7

Xk B M FAYER
E R L , e | B OETEY B RS
2 Jc 0 3 0 'I'kA "]“
i B (e ) 7 ARk (%) B &t (%) 23 zisz E%  (U)
LERURE
.1 o o SR . o 9 u W/
FEE BEE P M BSOS (%) (n i) (M2K)
§ Rk
fl ;ﬁ;{‘ - 100 6.2 934 54 94.4 0.2 88.5 0.94 6.6
i 5 60 58 939 52 94.7 0.1 90.9 0.95 6.7

EaEAE &5 3 mm 8.2 90.2 7.8 85.8 6.3 71.1 0.88 6.0

EaEAE &5 6 mm 7.8 88.9 (.2 80.2 12.6 61.4 0.84 =




F-Clean (BE& )% "% 2 X 82 #EPF

B M FaY el
, R
5 , B éﬁ\‘ ' -)‘,
L RR | TARE®) 5 (%) A L
e El 2 , AN » = = e
(Fi st ) % i X (UiE)
(%) W/
S BT R WS BSOS (nie) (M2K)
i 100+100] 11.5 87.5 10.3 89.4 0.4 79.2 | 0.90 3.7
i 5 100+60| 11.5 88.0 10.0 89.7 0.3 81.2 | 0.90 3.8




EX. 4-5#: 7] 4-2 F1ip it mdx*ﬁ;{%@}ﬂ 3l [

pOER R R f'—li”’?“l‘——n 2.2
M?K/W o 4o Bl BES3Im £ 60m’%,%”ﬁ OBET=  =BF - d* R 3
mmm%/é]zpii"6P&'16mm3‘;sp/§,1‘[§hﬁaoz€ % A= T3 06mM> T HE 1Imo
FRE S ALTRIEEEBEET T P TR E o T FEFART

Aindows = 20(1.0 X .6) = 12m?

Aan = (3 X 60) — 12 = 168m?

180 / Ryyerage = 12/0.32 + 168 / 2.20

Raverage = 180/ (37.5 + 76.3636) = 180/113.8636 = 1.58



Appendix 4-3, overall thermal resistances of doors.










EX. 4-6 §& 0] 4-5 “rif ehfG REE L H 43 B > % - 5 & B (overhead door, garage door) % - 5252 3m>
¥ = i#F’“ (flushdoor) » % ~ %% 5252 1m- wiﬁlé% 11 mm & chf® 4 2235 mm 5 en¢h 4= 5 {4 ﬂf%’% 35 mm
ER s o BRALG e RE o G BT o -

A Flush Door has completely smooth surfaces and is made by sandwiching plywood or
blackboard over a light timber frame. The hollow part between these doors is filled
with cardboard/hardwood. They can be finished with either laminates or veneers.

Flush Door Overhead Door


https://en.wikipedia.org/wiki/Cardboard

EX. 4-5 g &) 4-2 #rdy i chhf2gb BE Y B et ia' NELR R R B T iede i 22 mKIW o 4o B AT R AR
% 3m> & 60m> jgt ——)aZO'[M«’”’J*l[# %g*}%‘/i?)mmm%/ﬁljﬁ\i'a\:‘F’&Uﬁmmq_;ﬁ@]m_]:"ﬂ e
AR T 06me @ E Ime HhE ﬂ‘p’m?ﬁl‘glf'_bb’:}%&&/‘*”mliﬂ%ﬂlﬁl@_ogizd—ux?%nf,#Wna

Fa 2t o
EX. 4-6 g b 4-5 “7if S BEE *“ﬂ'%‘f 3 @ > $- 58 B[ (overhead door, garage door) % ~ i & i
25 3m> %= L3P (flushdoor) - § ~ & 5259 Ime % 7 11 mm K ehf i 9235 mm - o5

e fs K@ 3BmmEF R r*ww%’"“ i RE oG F AR IO o

£=3x60=180, % % # =20x0.6X1=12, #F & # =25x1=25 2 B 6 ff =25x3=75
1 i 1 1

e o
Hem f# =180-12-25-75=158

180/ R,,, = 12/0.32 + 158/ 2.20 + 2.5/ 0.45+ 7.5/ 0.31
Ry = 1.29 m2K/W

2.86 m°K/W > 2.20 > 158 - 1.29
framing windows doors
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slab

Grade Line Grade Line

.\

insulation X
insulation

footing footing

Figure 4-1. Examples of perimeter insulation placement.

Insulation Insulation

Grade
Insulation Line

Thermal bridge

Figure 4-2. Examples of insulation added to slab floors and footings
which form thermal bridges.
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Insulation

—— Insulation
S a

Grade

Insulation Line Insulation

Figure 4-2. Examples of insulation added to slab floors and footings
which form thermal bridges.

qground = U’ (tinside o 1:ground) e [4'3]



EX.4-7 3t a - 5d5 K o & 5 120 % REE M ehg ok % R340 & e K1 (7% (packing shed)
E- R TERBRIE BT EEEE S B85X12m o ¥ T R4 a8 TR R (below grade) &
1.8 Mo § ¥ e TG E L 128Co ¥ T 2 F ik 15 RCE v WREEEE 97 45 FRE
R R T R B A B E iR '3?‘
¥ TR E =2x(85+12)=41 Takfe 4-1. Heat loss conductance for basements ;.
i’*‘*%ﬁ'ﬁ#f =85x12=102 Thiougeh walls
U, verage=(2-33+1.26+0.88+0.67+0.54+0.45)/6=1.02 W/m?2k Conducmnce, Wim K. for wall insulaed by
U’Wa”—102W/m2kx18mx41m 75 WIK . ’ 3
Diepth below de late=d E-0.73 147 220m~
U 014 WimPk x 102 m? = 14 WIK Cp oW gra uninsula 3 147 0 KW
) — 0 -4L3F o 233 Eg Q.53 03F
+
[i t;asement 75 14 890>)AC//K T 451 08 19-10=00C 0.3 -006 L.2i Uee 045 136
ey 2 EZ 51 * W 12-1 0.6 - 0.9 0.3 0.53 038 030
Qqround = 89 * (15 2)=1157W 09- 1.2 .67 045 DM 0.27
LL.2-15 0.54 W3% e 025
q Lo =D W 1.5-1%8 I:'I'-'d'ﬁ 0,34 oy 023
I&- 21 0.3% 030 D25 0.2)
~> Thruugzh the foor, condugtance in Wm2K
&0 - ] 4=, 3
» Deepptiy 0 oor Minimum width of basemcng, m E’.l%
below prade a0 T3 8.2 | BT
w 1.%5m G158 016 15 [0.13
) 1.8 w17 015 | 014 012
A | .16 015 a3 (012
T2
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RVALUE#2 ;% (DOS%% #: %)

Z & DOSBOX #x %8

LFIGAEE T T - BRAOE M F 5 B DOS A5
2R S5 ie #-a B exe #4253 >t di\ceasdb P &P o

% HDOSBOXz_ fs# 74258 » 12 ¢ # F eHDOSA T >
A DOSALE p £ =

Mount C: D:\cea\db Fo (5% P 4% 75 DOS B8 ¢ C disk
C:
dir + 1 (%P 4k 2 DOS %8 T 1C disk

iR db P gP e AhR 0 B 0 exe 3T L AR


https://www.dosbox.com/download.php?main=1
http://140.112.183.23/class-cea/chap4-sw.htm

DOS &~ #2.;% : RVALUE

PROGRAM R-UALUE

This program calculates the overall R=Value of the walls, ceir1ling, doors,
and windows of a single air space building. The effect of framing in the
walls and ce1ling 15 1ncluded.

IThis 15 not a geneéral purpose program to calculate heat loss from buildings
because of the following assumptions:

Only a single type (your choice) of window 15 permitted.

Only a single type (your choice) of door 15 permitted.
Only a single type (your choilce) of wall construction 15 permitted.

Only a single type (your choice) of cei1ling construction 15 permitted.
Framing as a fraction of the cei1ling area 1s fixed at 122, and 1s

always 38x20 rwn lumber (2x&s).
Wall framing cam be only 38x90 rm (2xbs) or 38x140 mm (2xb6s).
Wind speed at the outside surface of the wall 15 Fixed at 6.7 m/is.

press any key to continue




PROGRAM R-UALUE DATA IHFPUOT
When wsing this program, you will be asked to decide om the following:

1. the type of window and 1ts area, and winter or surmer conditions;

2. the type of door and 1ts area, and winter or summer conditions;

3. the type of cer1ling sheathing and insulation, and 1ts area;

4. the type of materi1al in four wall layers: the inside sheathing,
insulation, outside sheathing, and siding.

5. the outside perimeter of the building and wall height.

HOTE: although the program expects four lavers in the wall, vour wall

need not have that many. For example, 1f vou want a concrete block wall,
which 15 only one layer, specify laver 1 as an "other"” material, enter 1ts
R-Value, and specify the other three layers as “"other™ with R-Values = 0.0.

press any key to continue




Doors are described in section %-5%; door R-values are listed in Appendix 4-3.

Choose the type of door The following doors are availlable
vou will use
15

TYPE? 2 i
i
Winter (1) or Surmer (227 1 L7
35
Door area 1s: 20.0 m* i
Door R-Yalue 1s: 0.33 m*KSUW 35
Door UA value 1s: 60.6 WK 5!
35
Do you wish to change the b
door data (Y,H)? i
5!
i
L7
Oth

panel door, 11 mm panels
panel door, 11 rm panels
s0lid door, no storm
so0lid door, no storm
hollow core, no storm
hollow core, no storm
solid, metal storm

solid, metal storm
hollow, metal storm
hollow, metal storm

sol., no stormfsingle gql.
sol., no stormfsingle gl.
so0l., mtl strmfsingle gl.
sol., mtl strmfsingle gl.

n -




Cei1ling heat loss 15 described in Section %-3, with R-values in Appendix 3-2.

Here 1s the ceiling you designed.

The area 1s 500.0 m®
The B-Ualue 15 3.10 m=R U
The UA value 15 161.3 W/K

The framing 1s fixed at 12¥ of
the total cei1ling area, and 1s
comprised of 38x%0 rmm softwood.

Do you wish to change the
celling data (Y, H)?




WVindows are described in section f%-%, with R-VYalues in Appendix 4-2.

Choose the type of window
vou will use

TYPE? 1
Winter C1) or Surmmer (2)7 1
Window area 1s: 108.0 mt
Window R-Ualue 1s: .16 mZKSU
Window UA wvalue 15z &75.0 WAK

Do you wish to change the
window data (¥Y,H)?

The following windows are available

1. Single glass, O.8% emittance
2. with storm sash
3. Single glass, 0.20 emittance
. with storm sash
4. Double glass, & rmm air space
b. with storm sash
f. Triple glass, & mm air space
8. with storm sash
?. Dther

HOTE: It 1s suggested you use the
adjustment factors listed 1n
Appendix 4-2 to calculate R-values
more accurately and use "0ther™.




Wall heat loss 15 described in Section %-2, with R-Values in Appendix

How enter perimeter of the outside Do you wish to change
wall, and 1ts height. the perimeter, height,
or framing factor data
Perimeter, m: 7 120 (Y H)?

Height, m: ? 3

How enter the percentage of the
wall which 1s framed.

Cnormally between 12 and 20%)

Framing factor, &, 152 20




RESULTS
Component Area E-Value UA Value

Doors 20.0 0.33 60.6
Windows 108.0 0.16 6i5.0
Ceiling coo. D 3.10 161.3

232.10 2.52 22.2

Combined §60.0 0.8/ ¥E¥_1

Do you wish to run this program again <y/n:?




Ex.4-8 it - HEFT B L5 1 50x3m duE AL T o H R (smgleglass) » — AL g
% 2% (normal emittance) - & & = %;; L3 - i 25x4 m,liﬁr)i A4 mmenf® > FF B R 1L mm nf4E o
T SRR 15.88mm = X4 T2 150 mm # 4 gf\o m (mineral fiber blanket) faff #4144l o v &
pOp i 127 mm = A4k 0 PR F 198mm - SRR R g AR RE o ph g Y B A 88.9 mm
g SR S R ORI A R G AR 7? 1120 % o

Develop a graph to show the effect of glazmg area on the overall R-value of the building. Graph the
building R-value as a function of glazing area for a glazing area ranging from 0% to 30% of the gross wall
area. Assume winter conditions.

Gross wall area =3 m x 120 m = 360 m?

second door
(other end)

50 m

o
|e10 m/

0
0

percent glazing

Figure 4-4. Average R-Value of the structural cover of the building described in Example 4-8
as a function of the percentage of the wall devoted to glazing.



Sol-Air i & (tsol-air)

An energy balance on the surface contains, as fluxes on the upper surface
g=h*(t-t,) +a* 1 +¢g,*c* (Ty, —T,%) ...[4-4]

q=h~*(:-t,) toa* 1 —e*AR .[4-5]
& 0=h*(t,-t,) ...[4-6] h
t,=t+ (a* 1 -e*AR)/h ...[4-7]

AR =60

Same heat conduction through the roof

t,= t+ (o | — 6 *&* cosd * (10-Q)) /h  ...[4-8]

H ¢ » ®isthe tilt angle of the surface
Q iIs the cloudiness factor, ranging from O for a clear day, to 10 for complete cloud cover.



EX.4-9 X2 Ay EBAFLZL3 £ 500WM? chs s> 7 5 B R 528°C >
9 X 0 B TR e Bray e & (solar absorptance) = 0.8 0 g &4 I (thermal emittance)
50955 ¢ £ a i A B TR ﬁx (surface convective coefficient) 5 30 W/m?K (R, =
0.03 M?K/W) = 33+ & solar-air 57> & > TR %7 § R R Ty o

® = tan'}(1/3)

t,=t+ (a* I —6 *e¢* cosd * (10-Q)) /h ...[4-8]

t., = 28 + [(0.80) (500W/m2) — (6 W/m2) (0.95) (cos(18.43°)) (10 - 0)]/30 W/m2K

=395 2B r® 4 11.5°C



#LEE

Overall Heat Transfer

" tb — 1
q'= a ...[4-9]
1/h, + x/k+1/h,
q=U*A* Atm ...[4-10]

Parallel flow counter flow



Overall Heat Transfer Coefficient

EX A-10 4o Bl #rm A R FHE B Y R4 $Er [ 2 £ 07 F BTEH 0 AIFEBR Y 0.5mm B
EHFET A B EF 5 0.25m¥s 'j‘]l\ﬂ'.ﬁ["?% THERESUE o

A heat exchanger is to be de3|gned and Iocally fabricated to prewarm ventilation air for a calf nursery.

The exchanger will be built of parallel plates of 0.5 mm thick galvanized sheet metal. Dimensions are as

shown and the airflow rate in each channel is to be approximately 0.25 m3/s. Determine the average unit

area thermal conductance (U) for the exchanger.

h=cG% D02 checkch.3forced convection
D=4(0.125m?)/(2.25m) =0.222 m
G =pV/A=(1.10 kg/m3)(0.25 m3/s)/(0.125 m?) = 2.2 kg/m?s

h = (3.10)(2.2 kg/m?s)°8(0.222 m )92 = 7.87 W/m?K
1

1/h, +x/k+1/h,

U = 2/[(1/ 7.87 W/m2K) + (0.0005 m / 45.3 W/mK) + (L / 7.78 w/m2K)] = 3.94 W/m?K

U -




5% ' ¥t (forced convection)

wAIER PR3k R Y RAlRESE o B hET * T S qd

— 0.8/M0.2
h =C G /D Table 3-3. Coefficient ¢ in Equation 3-44 (SI units).
# ¢ > cisrelated to thermal properties of air, & # 3-3 w_m 3;
G = p*Volume > mass flow of air in the duct KR g:g
D= 4 *(area) / (perimeter), -k # & & 49 3.26
o 7 332
=242 for flg =4 712/27mr=2r 93 3.37

Adapted from the ASHRAE Handbook of Fundamenials : for

hin W/m2K; G in kg/m>s; D in m. An approximation of the
data is the equation ¢ = 314783 + 0.002402671.



http://www.ntu.edu.tw/

Logarithmic Mean Temperature Difference (LMTD)
. (thz _tcz) — (thl _tcl)

At =
" In[(thz — 1 )/(thl —1y )] S




Ex. 4-11 X # }\éjL_—;_sp L HERY REEF 4R BRI R A% 5 80260 R2C> inE 5 0.05kgls > 7
F & 5 04165 kg/s ) z' BR 5202 30RC ZHIERE o oo BBk : 25WMK H1 %
ER TR O ?

A heat exchanger IS used to transfer heat from hot water to recirculated air within a greenhouse. Hot water arrives at
the exchanger at 80 C, and leaves at 60 C, and flows at a rate of 0.05 kg/s. Air flows through the exchanger at a rate of
0.4165 kg/s, and is heated from 20 C to 30 C. The measured unit area thermal conductance of the heat exchanger is 25
W/m?2K (this high rate is achieved using fins on the air side of the exchange surface).
What area of heat exchange is needed to achieve these conditions?

q=mc,At=0.05* 4180 * (80-60) = 4180 or
= 0.4165 * 1006 * (30-20) = 4190

(80 — 30) — (60 — 20)

LMTD = — 4481K
50 — 30
In(gg—=0’
q = UA(LMTD)

A=q/[ULMTD)] = (4,190 J/s)/(25 W/m2K)(44.81 k) = 3.74 m?



Heat Exchanger Effectiveness and the NTU Method

The effectiveness (¢) of a heat exchanger is defined as

€ = Uactual /qmax ---[4'12]

H? o (geua - actual rate of heat transfer
qmax . maximum possible rate of heat transfer

Qactual = Mp Cp Ath ormeC. Atc ---[4'13]

Omax = (mC) min (th, inlet” 1:c, inlet) ~-~[4'14]

Eq 4-15,... 4-18 , given C and NTU, derive ¢

# ¢ » NTU: number of transfer units = UA/(mc),,;, , can be used to
indicate the relative size of the heat exchanger.

C = (mc) min J(mc) max

Eq4-21,... 4-24 , given C and ¢, derive NTU




EX. 4-12 %8 % @ % @RiTennl 4 38§ fuavs frok R isfan o 30)‘;035% KSR m B LR %_j«”‘ % 2.5Kkgls
PE F U ERHERARSIBRER I2TRC - 2 Fehd ff 5100 m? > & B :E ke 50 W/m2K o 3R & -k e
RS EET A e E TR 2 Fa ?

Warm water from the cooling condenser of a power generating station is to provide heat for a large greenhouse range. The
warm water flows through counter flow heat exchangers (many exchangers operating in parallel) and greenhouse air is
heated by being circulated through the exchangers. Warm water is available at 30 C and greenhouse air is to be heated from
18 C to 27 C. Air flows through the exchanger at a mass flow rate 2.5 kg/s. The heat exchanger surface area is 100 m2 and

the average unit area thermal conductance (U) is 50 W/m?K.
At what rate must water be pumped through the exchanger to provide this amount of air heating?

(mc) i, = (2.5 kg/s) (1006 J/kg K) = 2515 J/sK
d,;, = (2515 J/sK)(27 C-18 C) = 22,635 W
NTU = UA/ (mc) ... = (100 m?) (50 W/m2K)/(2515 J/sK) = 1.99

actual temperature change _27Cc—-18C 0.75

E — —
maximum possible temperature change 30C—-18C

(mc) = (mc),,i, / C =2515J/sK / 0.61 = 4123 J/sK
M, = (4123 J/sK)/(4180J/kg K) = 0.986 kg/s
At = (22,635 J/s)/[(0.986 kg/s)(4180 J/kg K)]

Water exits the exchangerat 30 C -55K =245C




Ex. 4-13 £4F + 48 > &k #-LE R 5 35 2Cm 2L 30RCp*F -
Reconsider Example 4-12 and determine the required water pumping rate when water enters the heat exchanger at a
temperature of 35 C instead of 30 C.
e=(27C-18C)/(35C-18C)=0.53

d 3 mey, = 2515 I 2R RG] F]F o 710 MO, < 2515
dot 4> 4 2000 4= &

C = MC,atr /2515 J/sK
NTU = (50 W/m?K) (100m?)/mc,e,
= NTU = e= € by
A_twater (22,635 J S) / MC,yater IC water C UA/Cmin Atwater Atwater/17 Eq. 4-16
&= Alyaer / 17 2038 Jlme YT,
e=f(NTU, C)... ge. 4-16 2000 0795  2.500 132K 0.666 0.766
1500  0.596  3.333 15.09 0.888 0.876
1600  0.636  3.125 14.15 0.832 0.853
. 2, > Ve NIV v . FACERY 55 B = N 1 3-226 14.60 0-859 0.86
EA R e BEARR O BARAEVEEFEEE 4ot & AT o iggg g.gog 3.268 14.79 0.870 0.869
R TS g R AR > B S 1533 0.610  3.262 14.77 0.869 0.868
FF JEAE S SR ‘,'% exce! T H Jf”“j\/ﬁ; AEALLEMN s S 1534  0.610  3.259 14.76 0.868 0.868
melg2e £A F2 4 SO0 R MCype 2 1B
FfE T 0 MCyier = 1534 ISK 2 18+ 5 1 e 7
A =00 09| Ex412 Ex4 13
My = (1534 J/sK)/(4180 J/kg K) = 0.367 kg/s " % -
TN

C KR 24.5 20.24
A 5.5 14.76 § £ =
% 0 Kgls 0.986 0.367 & %]
0.75 0.868 »z 3




DOS &= ~ #2.5¢ . XCHANGER

Ex.4-14 & * XCHANGERAZ S » £ #7135 # 514-12 5 5 » iF 45

HERE ARE THE RESULTS OF THE CALCULATIOMS....

Given Parameters Calculated Parameters

Cald Side... Warm Side...
Flow rate, kg/s: 2 .50
entering temp., CG: 18.00 flow rate, kg/s: 0.9846
exiting temp., L: 27.00 exitimg temp., G 26.500
spec. heat, J/kgk: 1006

Limiting Side: cold

Warm Side...
entering temp., C: 30.00 Heat Exchanged, W: 22635
spec. heat, J/kgk: G180 HTU Value: 1.9%

mc minimun, WK 2515.00

Exchanger UR, W/K: =000 mE maximum, WOR: G115.60

Exchanger Type: counter Effectiveness: 0.7500

B0 ¥OU WISH TO RUH THE PROGRAM USIHG DIFFEREMT COHDITIDMS <yp/n>?



LG AFD 20m? FFE20 M2 3 4 2] 200 m? 0 FRIFE T A R




AL 54k d 60 m2

o

Cold
100 Cold

3000
5000
7000

0.979
0.7144
0.6831

29.482
27.48
27.092

1.19
1.99
2.78

O 5294

I T EEC T



1. Exercise 1 on p139 of Textbook.
2. Exercise 8 on p140 of Textbook
3. B xti3~ ulit * RVALUE &2 XCHANGER = #2:% i€ {7 5 7 » T - {2
2% 2 &4 ¥ % HARD COPY -

by Lo %E :
1. 2= = MATLAB *x< ~ smRVALUE#%2 ;¢ -
2. 32 > MATLAB "< &~ s XCHANGER#% ;¢ o



