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4.2. % i o ¥ @ % Heat Transfer Through Walls

Example 4-1 % £ &£ @ * 203.2mm & & R iF#8(= #5Fl3C) g B 0 o=
FRENZPM MBI ER S BREFPMPEARALSY L 1582 5 R Co
(Appendix 4-1, at p399)
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.

tL 0S

15C g\ 5C
15C @ ° PN V4 NI

R=0.12 R=0.2 t, R=0.03
tis = 15- (0.12/ 0.35)(15 — (-5)) = 8.1°C
os = 15 — ((0.12 + 0.20) / 0.35)(15 — (- 5)) =- 3.3 C
Appendix 3-2, at p388
Thermal Properties of Typical Building and Insulating Materials—Design Values*
Description Density Conduc- Conduc- Resistance (R) Specific
kg/m’ tivity L e s Heat
W) ©) Per meter For thjck- K/

W/me°C  W/m?+°C thickness ness listed (kg* °C)

(4
X\, fi’f_“ PLASTERING MATERIALS
SMV RBGTEgALe . covvvmanun vas sk v i 1680 0.806 — 1.25 - 0.84
Sand aggregate. . .................... 1270mm 1680 - 63.05 - 0.016
Sand aggregate. ..................... 15.88mm 1680 - 51.69 - 0.019
Sand aggregate on metal lath . .......... 19.05 mm — — 43.74 — 0.023
Vermiculiteaggregate ... .. oo oooionaaaaisaiiss 720 0.245 — 4.09 —
MASONRY MATERIALS
| A
Concretes e i/
CEMENE MORIRT s sv 5 vana s s s s el e as v 1856 0.720 - 1.39 —
Gypsum-fiber concrete 87.5% gypsum,
12.5% wood chips. . .....covvivnininninn.... 816 0.239 - 4.16 — 0.88
Lightweight aggregates including ex- 1920 0.749 - 1.32 —
panded shale, clay or slate; expanded 1600 0.518 - 1.94 —
slags; cinders; pumice; vermiculite; 1280 0.360 - 2.78 —
also cellular concretes 960 0.245 - 4.09 —
640 0.166 - 5.97 -
480 0.130 - 7.70 -
320 0.101 9.92
Perlite, expanded .« cus i cibtanine s i siomioe 640 0.134 7.50
;823 g (1)702 9.79
.072 13.88 1.34
Sand and gravel or stong aggregate
(OVEN BHEA); cosicvii i s wmen i s e 2240 1.296 — 0.76 0.92

Sand and gravel or stone aggregate
(notdried). .......covuiiniiiiiiiiinn., 2240 1.728 - 0.56
L e . 1856 0.720 - 1.39

-5C



920 0.720 — 1.39 — 0.80
2080 1.296 — 0.76 —
— — 7.10 - 0.14 0.88
- - 5.11 — 0.20
— — 3.75 — 0.27
— — 3.07 — 0.33
— — 2.56 — 0.39
— - 2.27 - 0.44
Oommocks‘;etlhree oval core: - & 052
Sand gravel aggregate - = g - g g
- - S.ll\’ - 0.20
- — 4.43 — 0.23
aggregate . ...... — — 6.59 - 0.15 0.88
....... — — 5.11 — 0.20
.............. — — 3.29 - 0.30
R P st s — —_ io; - 0.21; st
ightweight aggregate ............... —_ — .4 — 0. R
expanded shale, clay, slate . B! — — 3.81 — 0.26
or slag; pumice . ......... —_ —_ 2.84 — 0.35
..................... — — 2.50 — 0.40
C blocks, lar core.$
Sand and #nvel aggregate
b~ o, L RLICUIET - S T 203.2 mm, 16.3 kg — — 5.45 — 0.18 0.92
Same with filledcoresi . ............ ... ... .. —_— _— 2.95 - 0.34 0.92
Lightweight aggregate (expanded shale,
clay, slate or slag, pumice):
Jcoreid .......... i el - - 3.46 - 0.29 0.88
Same with filled cores' . . — — 1.87 - 0.53
2core, M ... ... ...... = — 2.61 — 0.38
Same with filled coresi - — 1.14 — 0.89
Jeore, Muoalsisrvis cviin v 304.8 mm, 17.3 kg == — 2.27 —_ 0.44
Same with filled coresi — — 0.97 — 1.02
Stone limeor M .. 5o i —_ 1.800 — 0.56 —_ 0.80
Gypsum partition tile:
76.2 +304.8 « 762.0mm, solid. ................ —_ 4.49 — 0.22 0.80
76.2 + 304.8 « 762.0mm, dcell ................ — 4.20 - 0.24
101.6 + 304.8 « 762.0mm, 3cell ............... 3.41 0.29

Appendix 3-5, at p397

APPENDIX 4-1
SKETCHES OF COMMON WALL CONSTRUCTION TYPES
Taken in part from the 1985 ASHRAE Handbook of Fundamentals,
American Society of Heating, Refrigerating and Air Conditioning Engineers, Atlanta GA

Used by permission
-fram ide wall

inside sheathing

full-thickness insulation,
wood framing

outside sheathing
wood siding
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sheathing

open cavity,
wood framing

sheathing

concrete blocks
foam board insulation

siding

metal-si wall with w ramin

inside sheathing

full-thickness insulation,
wood framing

outside sheathing

metal siding

Example 4-2 4c™ Bl#11 » F A @GR Rl @ * 15.88 mm 5 Douglas fir
plywood = & 4% » “t @i * 12.7 mm B - % A chgi g B adE ot 4 1111 mm 5
A A F s Ar e g (siding) o ¢k il B e B IR P I o R R
ERFERIFLAFANFE» P DER > BR B F RO 2
M2K/W o A+=d 88.9mm 5 > 38.1mm % (2x4 Hirif)e o
Note: Between framing : #% - Over framing @ % %

A wood-framed wall is to be constructed with an inside sheathing of plywood, an
outside sheathing of vegetable fiber board, and plywood siding. A question has arisen
whether it will be necessary to specify full-thickness glass wool insulation (which
means insulation to fill the wall cavity) or whether a lesser thickness will be
sufficient.

The desired wall insulation value is 2 m?K/W. Framing members are 88.9mm thick
and 38.1 mm wide (2 x 4 wall studs). Inside sheathing is to be 15.88 mm thick
Douglas fir plywood, outside sheathing is to be 12.70 mm thick regular density
vegetable fiber board, and the siding is to be 11.11 mm thick hardboard. Winter design

conditions are assumed.
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1 m? of Insulated materials: Rinsulated=2.86 m?K/W
0.8 m? of Insulated materials and 0.2 m? of framing: Roveran = 2.2 m*K/W
%‘ Roverann = 2.0 mzK/W B Rinsulated=2.45 mZK/W ST I /)f’:“‘ ‘2 0.41 mZK/W °

Fr 4?2 (cavity)dh RiE 5w srud 229 @5 1.88 (0 0.41)
m2K/W -

Example 4-3 % E 3R % £ EEF R kT 2w ahi% g g (thermal
curtain) & * & & ¥ Rl 4875 (foil-faced fabric) - % (loose-weave) % %R
R 20 mm e K MBACE R g o 48 chd G S 2 02 ¥ - @5 0.6
AT e A% K

1. 4rispngy

2. BFIHTYT

3. P RVNARAY Y o TR RNARLY T

4, F R WEWIEETH T 0 TR AR AR
T 8 Bt PR E?

Appendix 3-5, p397. Surface resistance

hs =4.02 + 5.82€ ..cccvvunn..... 4-1 GH eave
top/bottom surface =#ife R = 1/hs
E hs R z:"_ 0 mm
0.2 5.18 0.19 Fabric with foil on
0.6 7.51 0.13 one side

Plain air space AR HES 2
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0.35 m*K/W

0.43 (in between 0.2 and 0.5)

0.22 m*K/W

0.18 (in between 0.05 and 0.2)

0.31 m*K/W

0.11 (in between 0.05 and 0.2)

0.39 + (0.11 — 0.05)(0.30 — 0.39)/(0.20 — 0.05)

% effective emittance (value of E)
0.30 + (0.43 —0.20)(0.20 — 0.30)/(0.50 — 0.20)

% effective emittance (value of E)
0.39 + (0.18 — 0.05)(0.30 — 0.39)/(0.20 — 0.05)

R
R

R

s effective emittance
¢ Appendix 3-6, p398. ¥ i% i p #&;2 4 ] R value of the Airspace

% effective emittance (value of E)
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Table 2A  Thermal Resigtances of Plane* Air Spaces®*
L

THERMAL RESISTANCES OF PLANE AIR SPACES
Taken from the 1985 ASHRAE Handbook of Fundamentals, American
Society of Heating, Refrigerating and Air Conditioning Engineers,

Appendix 3-6, p398.

Position
of
Air
—Space
Horiz.
45°
Slope
Vertical
45°
Slope
Horiz




Chapter 4. FBHEENE 3T

38.1 mm Alr Space® 3.’ mm ;lv Spece®

Position Direction Al Space
of of Mean 'l'c-‘
Alr Heat Temp,* Dift, Value of 44 Value of E4#
Space Flow (0 (*0 0.03 0.05 0.2 0.5 0.82 0.03 0.05 0.2 0.5 0.52
322 5.6 0.45 0.42 0.30 0.19 0.14 0.50 0.47 0.32 0.20 0.14
10.0 16.7 0.33 032 026 0.18 0.14 0.27 035 028 0.19 0.15
10.0 5.6 0.44 0.42 0.32 0.21 0.16 0.49 0.47 0.34 0.23 0.16
Horiz Up -17.8 1.1 0.35 0.34 0.29 0.22 0.17 0.40 0.38 0.32 0.23 0.18
-17.8 5.6 0.43 0.41 0.33 0.24 0.19 0.48 0.46 0.36 0.26 0.20
-45.6 11.1 0.34 0.34 0.30 0.24 0.20 0.39 0.38 0.33 0.26 0.21
-45.6 5.6 0.42 0.41 0.35 0.27 0.22 0.47 0.45 0.38 0.29 0.23
322 5.6 0.51 0.48 0.33 0.20 0.14 0.56 0.52 0.3 0.21 0.14
10.0 16.7 0.38 036 028 0.20 0.15 0.40 038 029 0.20 0.15
45° 10.0 5.6 0.51 0.48 0.35 0.23 0.17 0.55 0.52 0.37 0.24 0.17
Slope Up -17.8 1.1 0.40 0.39 0.32 0.24 0.18 0.43 0.41 0.33 0.24 0.19
-17.8 5.6 0.49 047 037 0.26 0.20 0.52 0.51 0.39 0.27 0.20
-45.6 1.1 0.39 038 033 0.26 0.21 0.41 040 035 0.27 0.22
-45.6 5.6 0.48 0.46 0.39 0.30 0.24 0.51 0.49 0.41 0.31 0.24
322 5.6 0.70 064 040 0.22 0.15 0.65 0.60 038 0.22 0.15
10.0 16.7 0.45 0.43 0.32 0.22 0.16 0.47 0.45 0.3 0.22 0.16
10.0 5.6 0.67 0.62 0.42 0.26 0.18 0.64 0.60 0.41 0.25 0.18
Vertical Horiz. —» -11.8 1.1 0.49 0.47 0.37 0.26 0.20 0.51 0.49 0.38 0.27 0.20
-17.8 5.6 0.62 0.59 0.44 0.29 0.22 0.61 0.59 0.4 0.29 0.22
-45.6 1.1 0.46 0.45 0.38 0.29 0.23 0.50 0.48 0.40 0.30 0.24
-45.6 5.6 0.58 0.56 0.46 0.34 0.26 0.60 0.58 0.47 0.34 0.26
322 5.6 0.89 0.80 0.45 0.24 0.16 0.85 0.76 0.44 0.24 0.16
10.0 16.7 0.63 0.59 0.41 0.25 0.18 0.62 0.58 0.40 0.25 0.18
45* 10.0 5.6 0.90 082 050 0.28 0.19 0.83 0.77 048 0.28 0.19
Slope Down -17.8 1.1 0.68 0.64 0.47 0.31 0.22 0.67 0.64 0.47 0.31 0.22
-17.8 5.6 0.87 0.81 0.56 0.34 0.24 0.81 0.76 0.53 0.33 0.24
-45.6 1.1 0.54 0.62 0.49 0.35 0.27 0.66 0.64 0.51 0.36 0.28
45.6 5.6 0.82 0.79 0.60 0.40 0.30 0.79 0.76 0.58 0.40 0.30
322 5.6 1.07 0.94 0.49 0.25 0.17 1.7 1.4 0.60 0.28 0.18
10.0 16.7 1.10 0.9 0.56 0.30 0.20 1.69 1.44 0.68 0.33 0.21
10.0 5.6 1.16 1.04 0.58 0.30 0.20 1.96 1.63 0.72 0.34 0.22
Horiz. Down 17.8 1.1 1.24 113 0.69 0.39 0.26 1.92 1.68 0.86 0.43 0.29
-17.8 5.6 1.29 .17 0.70 0.39 0.27 211 1.82 0.89 0.44 029
-45.6 1.1 1.36 1.27 0.84 0.50 0.35 2.05 1.85 1.06 0.57 0.38
—45.6 5.6 1.42 1.32 0.86 0.51 0.35 2.28 2.03 1.12 0.59 039
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Example 4-4 7 % 4 R a6kt B R A2 E 5] 25 mMKIW afpeig - & o
poebas iy 1011 mm Bk EE o P FEE Y FE e PU B E K
(polyurethane foam boards) = & #44#L ?

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

Foam insulation

Concrete blocks | Concrete blocks

In side surface resistance: 0.12

Concrete block resistance: 0.12

Concrete block resistance: 0.12

outside surface resistance: 0.03  sum = 0.39 m?K/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 2.11 m?K/W

4.3. %18 X {4 ¥ @ ¥ Heat Transfer Through Ceilings
Appendix 3-2, at p387
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Thermal Properties of Typical Building and Insulating Mater Design Values*
Description Density Conduc-  Conduc- Resistance (R) Specific
kg/m? tivity tance Heat
W) ©) Per meter For thick- K3/
W/m+°C W/m?e°C  thickness ness listed (kg*°C)
Board and Slabs
i "r‘}} 4 CElIar BIaSS ..o eeeee e 136 0.050 = 19.85 — 0.75
1" " Glass fiber, organicbonded ......... 64-144 0.036 - 27.76 - 0.96
Expanded perlite, organic bonded 16.0 0.052 — 19.29 — 1.26
Expanded rubber (rigid) ... .....ooeaiiieiieees 72.0 0.032 — 31.58 - 1.68
3 Expanded polystyrene extruded
4 Cutcellsurface. ... B 28.8 0.036 — 27.76 - 1.2
Smooth skin surface ....... 8 0.029 — 34.70 — 1.22
&~ Expanded polystyrene, moldedbeads ............-- 16.0 0.037 — 23.25 - -
% e e 20.0 0.036 - 27.76 - bl
24.0 0.035 — 28.94 - —
28.0 0.035 - 28.94 - -
320 0.033 - 30.19 6 - -
@ Cellular polyurethane (R-11 exp.Xunfaced). ........ 4.0 0.023 . - 43.38 — 1.59
Foil-faced, glass fiber-reinforced cellular
Polyisocyanurate (R-11 exp.)¢ 32.0 0.020 - 49.97 - 0.92
Nominal 12.70 MM .. .covveenrnenes - 1.58 - 0.63
Nominal 25.40mm . ....oovenranenes - 0.79 - 27
Nominal 50.80mm ......coevveees - 0.39 - ;,53
Mineral fiber with resin binder .........oooeeeeees 240 0.042 - 23.94 — 0.71
Mineral fiberboard, wet felted '
Core or roof insulation .. ....oooevevncecreenns 256-272 0.049 - 20.40 —
Acoustical tile 288 0.050 - 19.85 - 0.80
Acousticaltile . .. .oovenreiriiaairaaeaes 336 0.053 - 18.74 —_
Mineral fiberboard, wet molded
Acoustical tilet .. .....ouiniiiiaaniaaeee 368 0.060 - 16.52 - 0.59
‘Wood or cane fiberboard
Acoustical tile® ........ccoeiiiaainn - —_ 4.54 - .22 1.30
Acoustical tile® ....... - - 3.01 - .33
Interior finish (plank, tile) 0.050 - 19.85 - 1.34
Cement fiber slabs (shredded wood
with Portland cement binder . . .. ...vviianenn 400-432 0.072-0.070 — 13.88-13.12 - -
Cement fiber slabs (shredded wood
with Mil oxysulfide binder). ....o.oeeanens 352 0.082 - 12.15 - 1.30
LOOSE FILL
Cellulosic insulation (milled paper or
WOOAPUIP) v vvvernnnnesennnnnsesannneees 36.8-51.2  0.039-0.046 - 25.68-21.72 - 1.38
Sawdust or shavings ... .. 128-240 0.065 — 15.41 - 1.38
Wood fiber, softwoods 32.0-56.0 0.043 — 2.11 - 1.38
Perlite, expanded . .....coovuiienns
32.0-65.6  0.039-0.045 25.68-22.90
65-118  0.045-0.052 22.90-19.43
118-176  0.052-0.060 19.43-16.66
Mineral fiber (rock, slag or glass)
approx. 95.3-127.0MM. .. cvvennaernnernnees 9.6-32.0 - - .94 0.71
approx. 165.1-222.3 MM, . .oovennneenenenees 9.6-32.0 - - 34
approx. 190.5-254.0mmM. . ..oveenneenieenes 9.6-32.0 — - .87
approx. 260.4-349.3 MM, . .. ..eeiueineenees 9.6-32.0 - - .28
Mineral fiber (rock, slag or glass)
approx. 83.8 mm (closed sidewall application). .. .. . 32.0-56.0 — - 2.46
Vermiculite, exfoliated . . .....ooovvrvniiieieies 112-131 0.068 - 14.78 - 1.34
64.0-96.0 0.063 15.75 -
FIELD APPLIED
Polyurethane fOam . .....oovvereeeerneeennees 0.023-0.026 - 43.38-36.50
Ureaformaldehyde foam. . 0.032-0.040 - 24.78-31.58 -
Spray cellulosi fiber base 0.035-0.043 - 13.11-28.94 —
PLASTERING MATERIALS
Cement plaster, sai¥ aggregate. .........ooooezeet 1865 0.720 — 1.39 s 0.84
Sand aggregate 9.53mm - - 75.54 - 0.014 0.84
Sand aggregate - — 37.83 — 0.026 0.84
Gypsum plaster:
Lightweight aggregate ................ 12.70 mm 720 — 17.12 - 0.056
Lightweight aggregate .. .............. 15.88 mm 720 — 15.17 - 0.069
Lightweight agg. on metallath........ 19.05 mmin. — — 12.10 — 0.083
Perlite aggregate . . .. oovvvvuuieran s s 720 0.216 — 4.65 — 1.34
“ ~ & + . PANY o osly
29 &% 1& 1h o . ~
3 - S Y nwm . 'S p
3 N ¥ Yo og ! 875 (i :
Y Y wwm k \ ~ ) \ \
\ N W \ b | P \
A %) i
= \S o in
387

4.4, i% g4 § 8 a# @ 8 Heat Transfer Through Glazings

Appendix 4-2, at p400: Overall thermal resistances of glazings.
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F-Clean #%#2 k82 #E B
BEnF (HKR)

BREWEITE

L E B
S BT
% p BE | Ak (%) Pt (%) ohsg | TRR RS
P ol s EX (UE)
() 5 6
A R N I | (%) . W/
F bk 35 B 2 B | e
SRR % HEF | m &) (mz - K)
" ;f 100 62 | 934 | 54 | 944 | 02 | 85 | 094 | 66
Mg ve
5;"5 60 58 | 939 | 52 | 947 | 01 | 909 | 095 | 6.7
Mg ve
ism | 3mm | 82 | 902 | 7.8 | 858 | 63 | 7.1 | 0838 | 6.0
sy | 6mm 78 | 889 | 72 | 80.2 | 126 | 61.4 | 0.84 5.9

Note: U B A% » [E# s % 4843

©
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#2p T (BA)
S 2N TR
B ‘é’T éﬁ‘ﬁ -
- L ¥ ALK (%) p it (%) goob g | BB | F
ey 1 ’ ) ,
() FEF | W | VE
, , , , % | owi
sars |gas | sarg| g wper | O g
i 5 100+100 115 | 875 | 103 | 894 | 04 | 792 | 090 37
VELAR) =
i | 100460 115 | 880 | 100 | 807 | 03 | 812 |0.90| 38
VELAR) = g
AR A L RE R BER G QRIR G LD T R R TR

Example 4-5 %x;l | 4-2 g it R fRAE EEY B st N ELR RR R
TiogrE s 22mPKIWe 4o BT 46 k% 3m & 60m b 24 20 B §
=BT —“l%"*}s—)i 3mmm5?/§]3;;ii‘-e," ¢4 6 mm q,ip“}@lfrfp}m° [ ,@’#;}\
= %% 06m: %% 1m° FEALOBRIEBE AR T S TR E o
FE g ’i"l 2 £ nf;]J-,E 0

Awindows = 20(1 0x 6) 12m?
Avan = (3 X 60) — 12 = 168m?
180/ Raverage =12 / 0.32 + 168 / 2.20

4.5. i%i§ P e @ ¥ Heat Transfer Through Doors

Flush doors and Overhead (panel) doors
Appendix 4-3, at p401: unit area thermal resistances of doors.
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Example 4-6 # &) 4-5 #fif g B L H 4 d B > % - S 3 EF
(overhead door, garage door) % ~ % % % 25 2 3m> %= 3L ™ (flush door) -
X B EE L2508 1mo—é‘?sﬁf%’# 11 mm E e 4522 35 mm 5 &0
el sE R 3/mm ER A oA BFRRG e RE o Fat A
T IDHE o

180 / Rayg = 12/ 0.32+158 / 2.20+2.5 / 0.45+7.5 / 0.31
Ravg = 1.29 m2K/W

286 m’K/IW > 220 > 158 > 1.29
framing windows  doors

4.6. % 1§ ¥ @t 8 8 Heat Transfer Through Floors on Grade

outside wall

(0

4 2
%
.‘.’.

et rert
R

QRN
atetetatatetetets

%

&

atetetitatatetetetets!

RN
RRRRIRRXRRR

e tetetetet et et teteteteted:
O RORRRARAR

X

2525

25250

qfloor:FP(tinside—toutdoors), ST ©4
HeY >P S+ FFEL F S EAM ORI L FF (- KFEEFRIEHKR K
AT HE)

F & WmK T

14-16 S e T

0.8-0.9 4oR] 4-1 “Tmenig * B s 0.95 MK/W et
A R

12
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47. & T E R e B ¥ Feh& @ % Heat Transfer Through
Basement Walls and Floors

slab slab

Grade Line

Grade Line

insulation . 3
insulation

footing

Figure 4-1. Examples of perimeter insulation placement.

qground = U’ (tinside — tground), ......................................................... 4'3

Example 4-7 #5545 B > &5 120 B F RERH VX K& B4

B hd ka1 ivx (packingshed) - By TR MR TF T3 EF 25 85
X12m> T g TER (below grade) 5 1.8 me § = chE T35F E G
12 BC ¥ T 3748 15 RC2 v B EF FHFHIFEE 3B 0

R SRY SRR S T

13
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Insulation Insulation
Slab
Grade Grade
Line Insulation Line Insulation
Footing Footing

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

122 § #
Uaverage=(2.33+1.26+0.88+0.67+0.54+0.45)/6=1.02 W/m?k
U'wan = 1.02 W/m?k x 1.8 m x 41 m = 75 W/K
U’fioor = 0.14 W/m?k x 102 m? = 14 W/K
U pasement = 75 + 14 = 89 W/K
Qground =89 * (15 — 2) =1157 W

=

40

¥

*h
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4.7.1. RVALUE #23;% (DOS %=1 4%)
2 & DOSBOX #:#¥

# RVALUE.exe 5> 4 & 0 dd P 4&p o

% % DOSBOX 2_fé 3 7485 > M2 ¢ # F 0 DOS T >
& DOSLE P % {7

Mount C: C:\users\user\desktop\dd

C:

dir

AR dd PP T K H Y o exe 3T LTS

4.8.
Takte 4-1. Heat losa conductance for hasements ¥
Thesuel walls
Condurcises, ‘h‘r’,fmzlt, for wall insulated by
Dupth below grade wninsuleded R - 073 147 220 e K/W
D -{13 m 2.33 086 053 0.38
0.3 - (u 1.26 066 045 036
0.6 - 0.9 0.5% 0.53 038 030
05-12 6T 045 0.3 0.7
1.2- 15 0.54 03% U3 0.25
1.5- 1.8 {145 N34 27 023
I&-2.1 0.3%9 030 D25 6.2
Through the Aaer. condugtance in Wim K
Dreptiy ol Moar Minimum width of basemeot, m - %%\
below prade 60 T3 T
1.5m 618 016 15 013
1.5 017 015 014 012
2.1 016 005 913 612
EPE-REAF A ROGHBE SUA G AP B e tE i T
#ﬁ%%‘%ﬁﬁ‘w‘;iﬁﬁ@%&@oiiﬁag&ag.@g@ﬁ%ﬁ
% ;\A o
FRIFHEIAT ﬁﬂ'%ﬁ° *ﬁﬁuiﬂ&*“**fﬁbﬂ&uxhx“’
B R g ?ﬁﬁ Froi R ERE R BRI AR EhF- B85
IR R kg o r&ﬁﬁﬁbﬁﬁﬂ%w@WX“géﬁﬁ* |
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PROGRAM R-VALUE

This program calculates the overall R-Ualue of the walls, ceiling, doors,
and windows of a single air space building. The effect of framing in the
walls and ceiling 1s included.

This 1s not a general purpose program to calculate heat loss from buildings
because of the following assumptions:

Only a single type (vour choiced window 1s permitted.
Only a single type Cyour choice) door 15 permitted.

Only a single type Cyour choice) wall construction is permitted.
Only a single type Cyour choice) ceiling construction 1is permitted.
Framing as a fraction of the ceiling area 1s fixed at 12¥, and 1s
always J8x%0 rmn lumber (Zxfds).

Wall framing can be only JI8x%0 rm (2xbs) or 38x140 mm (Z2xb6s).

Wind speed at the outside surface of the wall is fixed at 6.7 mfs.

press any key to continue

PROGRAM R-UALUE DATA IHPUT
using this program, vou will be asked to decide on the following:

the type window and its area, and winter or summer conditions;
the type door and 1ts area, and winter or surmer conditions;
the type celling sheathing and insulation, and its area;

the type material in four wall layers: the inside sheathing,
insulation, outside sheathing, and siding.

the outside perimeter of the building and wall height.

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

need not have that many. For example, if vou want a concrete block wall,
which 1s only one layer, specify laver 1 as an "other™ material, enter its
R-VUalue, and specify the other three layers as "other™ with R-Ualues = 0.0.

press any kev to continue

Choose the type of door The following doors are available

vou will use
35
TYPE? 2 11
11
Winter (1) or Surmmer (237 1 57
35
Door area 1s: 20.0 m* il
Door R-Ualue is: 0.33 mEEsW 35
Door UA value is: 6.6 WAR 57
35
Do you wish to change the il
door data (¥,H)? il
57
11
57
Oth

panel door, 11 mm panels
panel door, 11 rm panels
solid door, no storm
solid 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 gl.
sol., no stormfsingle gl.
sol., mtl strmfsingle gl.
sol., mtl strmfsingle gl.

2]
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Ceiling heat loss is described in Section -3, with R-values in Appendix 3-2.

Here is the ceiling vou designed.

The area 1s 500.0 m2
The B-Value is 3.10 m2KsYW
The UA wvalue 15 161.3 WK

The framing 1s fixed at 12% of
the total ceiling area, and is
comprised of 38x%0 rm softwood.

Do vou wish to change the
ceiling data (Y,H)?

Windows are described in section &-&, with R-Values in Appendix &-2.

Choose the type of window
you will use

TYPE? 1
Winter (1) or Summer €237 1
Window area is: 108.0 m®
Window R-Value is: 0.16 mEES
Window DA value is: &75.0 WAR

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

: following windows are availahle

S$ingle glass, O0.8%4 emittance
with storm sash
Single glass, 0.20 emittance
with storm sash
Double glass, & mm alr space
with storm sash
Triple glass, & mm alr space
with storm sash
Other

HOTE: It is suggested wou use the
adjustment factors listed in
fippendix 4-2 to calculate R-values
more accurately and wuse "0Other™.

Wall heat loss is described in Section %-2, with R-Values in Appendix 3-2.

How enter perimeter of the outside
wall, and 1ts height.

Perimeter, m: # 120

Height, m: ? 3

Mow enter the percentage of the
wall which 15 framed.

Cnormally between 12 and 20#)

Framing factor, ¥, 1s: 20

Do vou wish to change

the perimeter, height,

or framing factor data
(Y/H)?

17
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RESULTS
Component Area E-Ualue

Doors 20.0 0.33
Windows 108.0 0.1&

Ceiling so0.0 3.110
Wall 232.0 2.52

Combined d60.0 0.37

Do vou wish to run this program again <ySn>?

Example 4-8 zrizid - & 5% 2 5 10x50x3m ez » § 7@ * H
R .3y (single glass) > — & edg 845 (normal emittance) - 2= f w0 {5 € &2 5 — i
25X4mER dmmemoE5t ER 1Imm a4 X fogE p flid 15,88 mm
= & 2 150 mm FH sk m (mineral fiber blanket) kg £ 44 4L o v EER
g 127mm = 4o chipliEr 19.8mm - SRR g R o poh A
* R 88.9mm chdhde s L RR MR o AR TR AR 7020 % o
Develop a graph to show the effect of glazing 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.

second door
(other end)

|<—10 m/

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

Glass Area, % Glass Area, m>  Building

0
18
36

54

18
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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.

4.9. Sol-Air B (tsa)

T

sky
) i
sol-air
h
S: Same heat conduction through the roof

An energy balance on the surface contains, as fluxes on the upper surface,

q = h * (ta'tw) +a* |+ SW*G* (Tsky4 — TW4), ) errearessrseressresresirranes 4-4
T P B 45
T q-= h * (tsa 'tw) ) e Eer e e 4-6
tsa: ta+ (OL* | — S*AR) /h ) e a s 4-7
o= et (0% | — 6 *6% COSD * (10-Q)) N . oo 4-8

H ¢ » @ is the tilt angle of the surface

Q is the cloudiness factor, ranging from O for a clear day, to 10 for
complete cloud cover.

Example 4-9 R A $FhEBAF L 13> % 500W/M? ehx Higst 27 B A 5
28 °C» ® % » E R+ B fe ¥ (solar absorptance) = 0.8 - #t4F &4
(thermal emittance) % 0.95 > *F & @& % @ % #c (surface convective
coefficient) 3 30 W/m’K (Ros = 0.03 m’K/W) - F-3* ¥ solar-air s%»cg

B X R FRR

t = 28 + [(0.80) (500W/m?2) — (6 W/m?) (0.95) (cos(18.43)) (10 - 0)]/30 W/m?K
=395, 1 2 5 AR N 11.5°C
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4.10. #2#%E
4.10.1. Overall Heat Transfer

q"_ tb — ta ................................................ 4'9

“1/h, +x/k+1/h,

4.10.2. Overall Heat Transfer Coefficient

Example 4-10 4cRl %77 £ L B* K EHE ] 2 27 § RIEH > PR
Bk * 05 mm Leugsr & BT a0 b 55 025 m¥s e
MR AR U o

A heat exchanger is to be designed and locally 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 m?®s. Determine the average unit area thermal

conductance (U) for the exchanger.

h = cG%8D02
D = 4(0.125 m?)/(2.25 m) = 0.222 m
G=pV/A=(1.10 kg/m3)(0.25 m%s)/(0.125 m?) = 2.2 kg/m?s
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h = (3.10)(2.2 kg/m?s)°8(0.222 m )02 = 7.87 W/m?K
U = 1/[(L/ 7.87 W/m?K) + (0.0005 m / 45.3 W/mK) + (1 / 7.78 w/m?K)]
= 3.94 W/m?K

4.10.3. Logarithmic Mean Temperature Difference (LMTD)

At = (thz _tcz) - (thl _tcl) ................................ 4-11
o[t —te)/(t —t)]

Example 4-11 E#-k$5 5 o A B* RBE T 400 > FURE DR R A 9 5
80 260 B C>/nE % 005kg/s> 4 inE 5 04165kgls » i &

v

5 20 &2 30 B Cor #ZEIHEREI e P BEidks 25

WImPK > 3R G & e dEa 5 509
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?K (this high rate is achieved using fins on the air side of the
exchange surface).
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What area of heat exchange is needed to achieve these conditions?

g=mcpAt
80 —30) — (60— 20
LMTD = ( )~ ( ) = 44.81K
m{Eﬂ — 3(]}
60— 20
q = UA(LMTD)

A=q/[U(LMTD)] = (4,190 J/s)/(25 W/m?K)(44.81 k) = 3.74 m?
4.10.4. Heat Exchanger Effectiveness and the NTU Method

The effectiveness (g) of a heat exchanger is defined as
€= (actial [ Omax  «eoeereriniini 4-12

# ¢ > (actual - actual rate of heat transfer

(Omax : maximum possible rate of heat transfer

Qactual = Mh Ch Ath OF M Co Atc i, 4-13
Qmax = (mC) min (th, inlet- Lc, inlet) ................................................... 4-14

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

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

22



IR T AR BAREMETTE
C= (mC) min ,/(mC) max

Eq 4-21,... 4-24 , given C andg, derive NTU

Example 4-12 %8 % @& * #8iTen X 4 3 T fuoud frok ke e 4hi > 30 & C#k
EFE AR B X5 25k o f HEAIHEEE AL 18
BEHBI2TAEC-HIFHESG fH 5 100m? # @itk i 50 Wm?K-
ARRR R E F R EET] S ] B AT 2N ?

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) min = (2.5 kg/s) (1006 J/kg K) = 2515 J/sK
Gair = (2515 J/sK)(27 C — 18 C) = 22,635 W
NTU = UA/ (MC) min = (100 m?) (50 W/m?K)/(2515 J/sK) = 1.99

23
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actual temperature change _27C—-18C _

0.75

E = = =
maximum possible temperature change 30C0—-18C

(MC)max = (MC)min / C = 2515 J/sK / 0.61 = 4123 J/sK
Muwater = (4123 J/sK)/(4180J/kg K) = 0.986 kg/s

A twater = (22,635 J/s)/[(0.986 kg/s)(4180 J/kg K)]
Water exits the exchangerat 30 C - 55K =245C

Example4-13 #£4F + 48 > Bk #A-kEARA L 3B ACAa £ 30R CpF o
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 MCair = 2515 254 F]F 5 #710 MCwater < 2515 > 4t % > d 2000 4= %
C = MCuwater /2515 J/sK

NTU = (50 W/m?K) (100m?)/mMCuwater

Atwater = (22,635 J/S) / MCwater

24
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€ Z&tmmmr/ 17

e=f(NTU, C)... ge. 4-16

MR e BiEApR o BARRET BB EF L 4o £ ATT o

A ARY AL Y excel P AR RFESGL C BKA Bes el e20 £
2.4 5 0OPFF » & MCwater 2. & °

Ff2 8 MCwater = 1534 JISK  2_ 18 » "2 17 Cuater ¥ 1%

Mwater = (1534 J/sK)/(4180 J/kg K) = 0.367 kg/s

A 3

Example 4 12 Example 4 13
»TooRR 30 35
e oRE 24.5 20.24
B X 5.5 1476 § £ <
' kgls 0.986 0.367 5 i)
€ 0.75 0.868 »x* 3

4.10.5. XCHANGER #23¢ (DOS % #i: 48)
z & DOSBOX ##

#-XCHANGER.exe 5>t & w e dd P &p o

% 7 DOSBOX z fsf4 7485 » 1B 4 # F ¢ DOS AR ¥ -
& DOS 4% p "H?L 7

Mount C: C:\users\user\desktop\dd

C:

dir

FANR dd PP T MR B Y 0 exe BT 0N

Example 4-14 ¢ * XCHANGER 425 » £ #73- J fF 6 4-12 > oy » iF & 22
SRRt R

Given Parameters Calculated Parameters

Gold Side... Warm Side...
flow rate, kgfs: 2.50
entering temp., C: 18.00 flow rate, kgfs: 0.9846
exiting temp., C: 2700 exiting temp., C: 24.500
spec. heat, JikgH: 1006
Limiting Side: cold
Warm Side...
entering temp., C: 30.00 Heat Exchanged, W: 22635
spec. heat, JikgK: 4180 HTU Ualue: 1.99%
mc minimum, WYR: 251500
Exchanger UA, W/K: s000 mc maximum, WYK: 4115.60

Exchanger Type: counter Effectiveness: 0.7500

D0 ¥0U WISH TO RUH THE PROGRAM USIHG DIFFEREHT COHDITIOHS <yifn>?

25



Chapter 4. fRREZNE I3

413> # gk fhd 20m? B AR 20 M2 s 4cF| 200 M2 3E4RIE A R
SR R AR L AR R E

ﬁ;ﬁ: 413 4o AT 770 (parallel flow) ch# 24 % €47 P 4> m ffd 60
’iﬂ 200m2 B E v ?%lfﬂzﬁ%iiﬁﬁmiﬂ?

Area, m*>  Limiting UA Mwater ~ Water teit ~ NTU £

60 Cold 3000 0.979 29.482 1.19 0.5294

100 Cold 5000 0.7144 27.48 1.99 0.5294

140 Cold 7000 0.6831 27.092 2.78 0.5294

200 Cold 10000 0.6761 27.01 3.98 0.5294
yrg FE

1.Exercise 1 on p139 of Textbook.

2.Exercise 8 on p140 of Textbook

3.8 % i3~ wlig * RVALUE ¥ XCHANGER # #23' it {7 %
Ho T MEKSESF IR FE PR D

4.7 F L FTREH 22 MATLAB 3% » 77 RVALUE #25¢ -

S5.8p7 & AriiiE & 2= MATLAB % 4 - XCHANGER #2.5¢ -
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