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MEMORIES ARE MADE OF THIS

MANHATTAN COLLEGE TESTING LABORATORY

Thermo-fold drape studies
using Dual Calorimeters and
Guarded Hot Box testing apparatus

July 1979



THERMQ DRAPE HEAT TRANSFER COEFFICIENTS

Although most of the equations of heat transfer are generally quite
complex, the modern desk top computer, with its stored data and stored
bProgram can solve standardized heat flow computations with ease and with
economy. A whole year of weather data, for example, can be held in disk
storage to be accessed by the stored program automatically. This "hand-
book plus personal computer" approach is likely to increase in popularity
in the years ahead because of the exponentially decreasing costs of
computers themselves, plus the availability of apt and able programmers,
now graduating from Schools of Business in ever-increasing numbers,

By contrast to the "handbook plus personal computer" approach, is the
scale model testing technique. Devotees of this "laboratory-like" search
for truth believe literally, that "one test is worth a thousand computa-
tions." A judicious blend of both laboratory testing and personal computer
analysis is probably the winning number. Modern fenestration studies seem
to rely heavily on scale model testing.

The two fundamental laboratory tools for fenestration studies are the
so-called "quarded hot box" for the measurement of U and R, and twin
calorimeters for the direct measurement of S5C, the shading coefficient.
Here at Manhattan College it has been found possible to design and build
twin calorimeters which with very minor redesign, can serve as an excellent

guarded hot box. Thermo-fold R values were measured during July 1979.

THE GUARDED HOT BOX

The guarded hot box is really two identical insulated boxes capable

of being joined together face to face.



Each of the two halves is well insulated on five sides, and completely
open on the sixth side. Inside box #1 is a distributed heat socurce {in our
case the original calorimeter heat exchanger) and a point heat source with
a small fan for convection (a 150 watt clear light bulb). In addition,
thermometer #1 is placed within the box, but must be readable from the out-
side to tenths of a degree.

The second box also has a thermometer, T2, and a calorimeter which is
read on thermometers T3 and T4. The calorimeter has an adjustable flow
rate but for our purposes we have standardized our flow rate at 30 pounds
of water per hour. Thus 30 times T4~T3 gives the heat gain of the second
box in BTU per hour.

The specimen to be tested is placed over the entire open front face
of the second box, usually with a plain glass window as part of the fenes-
tration. The two boxes are tightly sealed together face to face, and left
this way during the entire test.

Heat is generated continually in the first box by means of either the
point source or the distributed heating coil. Ideally, all heat generated
will flow through the fenestration, and be removed from the second box by
means of the calorimeter. The fact is, this ideal cannot be reached, due
to some inevitable heat leakage, but nevertheless, the real-world wintertime
roomheating condition can be reasonably well simulated. Readings of all
four thérmometers are taken at five minute intervals for about an hour, and
the curves of (T2~-Tl1l) and (T4-T3) versus time are plotted immediately. As
the curves begin to flatten out, readings may be taken at longer intervals,
but the testing should not stop until both curves are almost flat, since
this is the criterion for a steady state. Tt seems to take about four hours
for steady state to be reached, using the Manhattan College Guarded Hot Box

apparatus. Centigrade thermometers were used.
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Guarded Hot Box Test Results
August 2 and 3, 1979 Manhattan College Lab.

PLAIN GLASS

MTI T2 T1 T4 T3 T2-T1 T4-T3 CTD / GHBTD U R
5 41,0 34.0 24,0 22.0 7.0 2.0 .286
5 45,5 35.5 24,0 22.0 10.5 2.0 200
5 47.5 37.0 24,0 22.0 11.0 2.0 . 195
5 49,0 38.0 24.0 22.0 11.5 2.0 .182
5 50.5 39,0 24,5 22.3 12.0 2.0 174
5 52.0 40.0 24,7 22.3 12.5 2.5 . 208
5 53.0 40.5 25,0 22.3 12.7 2.5 220
5 54.0 41.3 25,0 22.3 13.3 2.7 216
5 55.5 42,3 25.3 22.3 13,7 3.0 .226
5 56.7 43.0 25,5 22,5 14.0 3.3 . 236

10 58.3 44.3 26.0 22.5 14.3 3.7 . 268

10 59,7 45.5 26.0 22,5 14.5 3.7 . 263

10 61.0 46.5 26,0 22.5 15.3 3.7 .259

10 63.0 a7.7 26.5 22.5 15.7 4.0 279

10 64.0 48,3 26.5 22,5 15.7 4,3 . 269

10 64.5 48,7 26.7 22.5 16.0 4.5 . 2806

15 66.0 50.0 26,7 22.5 16.3 4.5 281

15 67.0 50.7 27.0 22.5 16.5 4.7 . 284

15 68.0 51.5 27.0 22.5 16.7 4.7 . 288

15 69.0 52.0 27.3 22.5 17.0 5.0 .294 1.74 .575

PLAIN GLASS PLUS THERMO FOLD TEST #1 3% hour test

30 61.0 43.0 24,5 22,5 18.0 2.0 .11
30 70.3 49.0 25.0 22.5 21.3 2.5 .12
30 73.0 52.0 25,0 22,5 21.0 2.5 .12
30 76.7 55.0 25.3 22.5 21.7 2.7 .13
30 79.0 57.0 25.7 22.7 22.0 2.7 .13
30 B81.5 59.0 26.0 23.0 22.5 3.0 .13
30 84.5 61.7 26.0 23.0 22.8 3.0 .13 .78 1.28

PLAIN GLASS PLUS THERMO FOLD TEST #2 3% hour test

30 33.0 28.0 25.0 24.7 5.0 .3
30 51.5 36.0 25.3 24,7 15.5 .5 .03
30 0.5 42,0 26.0 24,7 18.3 1.3 07
30 67.0 46,7 26,5 24.7 20.3 1.7 .09
30 72.0 50,5 26.5 24.7 21.5 1.7 .08
30 77.0 54.0 26,7 24.7 23.0 2.0 .09
30 79.0 55,7 27.0 25,0 23.3 2.0 .09 .54 1.85
NOMENCLATURE:  MTI Mimutes time interval between observations
CTD Calorimeter Temperature Difference. T4-T3
GHBTD Guarded Hot Box Temperature Diff. T2-T1
U Thermal Transmittance BTU/ (hr * ft2 . FO }
R Thermal Resistance (hr + ft2 - F°) BTU
K Steady State Ratio of CTD/GHBTD
This K should be a constant for a satisfactory Hot Box Test
sC Ratio of Solar Heat Gain using test specimen to solar heat

gain using sheet glass only under the same conditions



Let Rl and Ul represent the test results from test #1 and R2? and U2
the test results from test #2. RG and UG are the test results from the
first table on the preceding page, and refer to the R and U values of
glass alone.

It is very interesting to take some ratios of these quantities. For
example:

RIL/RG = 2,23
R2/RG 3.22

The above ratios suggest that a fenestration using double {thermo-fold)
drapes introduces a resistance to heat flow which is two to three times as
great as glass alone. That this figure is in the same ballpark as the
summertime (shading coefficient) ratios is quite interesting. Summertime
solar heat acts principally through radiation, and is kept out of the house
largely by reflection from the outer thermo-fold drape. Wintertime heat
flow, on the other hand, is mainly from the inside of the house to the out-~
side, and is transferred mainly by conduction and convection.

Table 2 of Chapter 22 of the 1977 ASHRAE Handbook, which was based on
a National Bureau of Standards Housing Research Paper #32, which is available
from the Government Printing Office, Housing and Home Finance Agency (1954)
deals explicitly with the Thermal Resistance of Plane Air Spaces. This table
shows air spacing widths from .5 inches to 3.5 inches. Tt does show a varia-
tion of resistance with air pocket thickness, which maximizes at some value
between the two extremes. Possibly this maximization occurs as a result of
the fact that a narrow spacing would favor conductive heat transfer, while a
wide one would favor convective heat transfer. If total heat transfer is the
sum of the two, a maximum would be expected somewhere in the middle.

In any event, both experiments performed here and published theory and
tables substantiate the claim that "air in our pocket puts money in yours."

A copy of Table 2 is included as an appendix to this report,



APPENDIX A

GUARDED HOT -BOX COMPUTATICNAL METHODS - MANHATTAN COLLEGE LABORATORY

By definition q = U'A - (F2-Fl1)
If Centigrade thermometers are used, however,

g = U-A + (C2-Cl) . 1.8

Consider now, the meaning of g on the left side of the equation.
By definition g = BTU per hour

Also by definition BTU

—— = Mass flow rate x Change of temperature
hour

In our lab it is convenient to adopt 30 lbs. of water per hour as a standard

mass flow rate. Also, A =5 ft.2

Therefore, g = 30 -« {(C4-C3)} - 1.8
Finally, 30{c4-C3) 1.8 = U-A-{C2-Cl) . 1.8
or U = {30/5) - {(C4-c3) / (C2-C1l)

And Uu=6 'K

Since the ratio of the CTD and the GHBTD must be f(almost) a constant in

the steady state condition of the guarded hot box.

The entire effort in the Guarded Hot Box experimentation is thus seen to be

nothing more than an effort to evaluate K as accurately as possible.
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Its Application and Use in Houses (1.5, Forest Products Laboratory
Report No. R1740, Gctober 1949).

F. B. Rowley and A. B. Algren: Heat Transmission through
Building Materials {University of Minnesota Engineering Experiment
Station Bulletin, No. 8),

P. D. Close: Building Insulation (American Technical Society,
Chicago, 1951, 4thed.).

F. C. Houghten and Carl Gutberlet: Heat emission from iron and
copper pipe (ASHVE TraNSACTIONS, Vol, 39, 1938, p. 97).

R. H. Heilman: Surface heat transmission (Sec. 1, Mechanical
Engineering, May 1929, p. 3535).

8. Crocker: Piping Handbook (McGraw-Hill Book Co., New York,
1945, 4th ed.).

T. S. Nickerson and G. M, Dusinberre: Heat transfer through thick
insulation on cylindrical enclosures (ASME Transactions, Yol. 10,
1948, p. 903).

F. B. Rowley, R. C. Jordan, and R. M. Lander: Thermal con-
ductivity of insulating materials at low mean temperatures
(Refrigerating Engineering, December 1945, p. 541).

F. B. Rowley, R. C. Jordan, and R. M. Lander: Low mean tem-
perature thermal conductivity studies (REFRIGERATING ENGINEERING,
January 1947, p. 35).

J. D. Verschoor: Thermal conductivity of commercial insulations at
tow temperatures (REFRIGERATING ENGINEERING, September 1954, p.
35).

%}. B. Wilkes: Thermal conductivity expansion and specific heat of
insulators at extremely low temperatures (REFRIGERATING
ENGINEERING, July 1946, p. 37).

Simplified Practice Recommendation for Thermal Conductance
Factors for Preformed Above-Deck Roof Insulation (No, R257-55,
U.S. Depariment of Commerce, Washington, 1955).

CHAPTER 22

1977 Fundamentals Handbook

W, C. Lewis: Thermal Insulation from Wood for Buildings—Effecy
of Moisture and its Control (U.S, Forest Service, Forest Products
Laboratery, Resedrch Paper, FPL 86, 1968).

D. G. Stephenson and G. P. Mitalas: Cooling load calculation by
thermal response factor method (ASHRAE TRANSACTIONS, Yol, 73
1967, Part I, p. L. 1.1). '

D. G. Stephenson and G. P. Mitalas: Room thermal response fac.
tors (ASHRAE TransacTions, Vol, 73, 1967, Part [, p. 111.2.1).

L. A, Pipes: Matrix analysis of heat transfer problems (Frank/in fn.
stitute Journal, Vol. 263, No, 3, March 1957, p. 195).

R. W. Muncey: The thermal response of a building to sudden
changes of temperature and heat flow (Australian Journal of Applied
Science, Vol. 14, No. 2, June 1963, p. 123).

W. R. Brisken: Heat load calculation by thermal response
(ASHRAE TrANSACTIONS, Vol. 62, 1956, p. 391).

D. G. Stephenson: Calculation of cooling load by digital computer
{ASHRAE Journal, April 1968, p. 41).

G. P. Mitalas and J. G. Arsenaeult: Fortran IV Program to
Calculate Heat Flux Response Fagtors for a Multilayer Lab, (National
Research Council of Canada, Division of Building Research, Com.
puter Program No. 26, June 1967).

T. Kusuda; Thermal response factors for multilayer structures of
various heat conduction systems (ASHRAE ‘TRaNsACTIONS, Vol. 75,
1969, Part {, p. 246).

C. O. Pedersen and E. D. Mouen: Application of system iden-
tification technniques to the determination of thermal response fac-
tors from experimentation data (ASHRAE TransacTioNns, Vol, 79,
Part I, 1973, p. 127).

C. D. Pedersen and E. D, Mouen: The Thermal Response Factor
Method and Building Elements Containing Air Cavities (Second Sym-
posium on the Use of Computers for Environmental Engineering
Related to Buildings, Paris, June 13-15, 1974).

Table2 Thermal Reslstances of Plane® Alr Spaces®**
All resistance values expressed in (hour)¥square foot){degree Fahrenheit temperature difference) per Bru
Values apply only to air spaces of uniform thickness bounded by plane, smooth, paratlel surfeces with no leakage of air to or from the space.
Thermel resistance values for multiple air spaces must be based on careful estimates of mean temperature differences for each air space.
See the Caution section, under Overall Coefficients and Their Practicel Use.

Pesition Direction Alr Spece 0.5-1n. Alr Spaced 0. 7840, Alr Space?
of of Mun' ng
Al Heat Temp, Dift, Vilue of Eb# Value of Eb <
Space Flow (deg F) 0.03 005 02 0.5 0.82 0,03 005 02 0.8 0.82
%0 10 2.13 203 151 0.59 0.73 2.34 222 1.6l 1.04 0.75
50 30 1.62 1.57 129 0.96 0.75 1.71 1.66 138 0.99 0.97
50 10 2.13 205 1.60 111 0.84 230 2.1 1.70 1.56 0.87
Horiz. Up 0 20 1.73 170 . 145 1.12 0.91 1.83 179 152 1.16 0.93
0 10 2.10 204 L70 1,27 1.00 2.23 216 178 1.3} 1.02
-%0 20 1.69 1.66 149 1.23 104 [ 174 1.5% 127 1.07
-50 10 2.04 200 175 1.40 1.16 2.16 2.1 1.84 1.46 1.20
90 10 2.44 231 1.65 1.06 0.76 2.9 278 188 1.15 0.81
50 30 2.06 198 1.56 1.10 0.83 1.99 1,92 152 1.08 0.82
45° 50 10 2.5% 244 183 1.22 0.50 2,90 278 .00 1.29 0.54
Slope Up 0 20 2,20 214 176 1.30 1.02 213 207 L12 1.28 1.00
0 10 2.63 254 203 1.44 110 272 262 208 1.47 §.42
-50 20 2.08 204 178 .42 1.17 2,05 2.0 1.76 1.41 1.t6
\7-50 10 2.62 25 .17 166 133 2,53 247 2.0 1.62 1.30
10 ) 234 167 06 W27 G50 324 208 lnss
(30 } o246 134 d] 0.9 5 237 208 !i% 0.94
10 266 / 254  1.88 34 091 3,70 346 238 . 1.0t
Vertical Horiz. 0 = 27 204 1.50 1.13 \Tﬂ". 3.0 232 1.58 L18
0 10 293 282 220 1.53 1.15 177 3.59 264 1.73 1.26
-30 20 2.90 282 235 1.76 1.39 2.90 283 236 1.17 1.39
-30 10 3.20 .10 2.34 1.87 1.46 372 360 2.87 2.04 1.56
%0 10 2.48 234 167 1.06 0.77 3.53 127 210 1.22 0.84
50 30 2.64 2.5 1.87 124 0.91 3.43 333 2.24 1.39 0.99
430 10 10 2.67 255 1.89 123 0.92 38 LY 240 1.45 1.2
Slope Down 0 20 2.91 280 219 1.52 1.13 178 137 263 1.712 1.26
0 10 24 2 221 1.53 1.1% 4.12 391 2.8 1.80 1.3¢
-50 20 1i6 107 2% 1.86 1.4% 3.78 365 250 2.08 1.57
-50 10 3.26 316  2.58 1.89 1.47 435 418 322 221 1.66
90 10 2.48 2,34 1.67 1.06 0.77 155 3129 240 1.22 0.83
£0 30 2.65 254 188 1.24 0.9 177 352 238 1.44 1.02
30 10 2.67 255 189 1.23 0.92 3.84 3.59 241 1.44 1.02
Hoxiz, Dovn 0 0 2,94 283 20 1.52 .15 4.18 196 283 1.81 1.30
0 10 296 283 21 1.52 1.18 4258 402 287 1.82 L3
-50 20 1.2% EN T KT 1.89 1.47 4.60 441 3136 228 1.69
-$0 10 128 18 2.60 1.80 1.47 4.7t 451 142 2.30 1.1




PDesign Heat Transmission Coefficients 22.13
Table2 Thermel Resistances of Pinne® Alr Spaces?**
Pezltion Direclion Alr Space 1,845, Alr Sprce? 3.54n. Al Spaced
of of Mean Terug -

Alr Heat Temp,b Dift, Value of EB< o Value of EB£ L
Spece Flow (F) {eg F) 003 005 02 05 YGB) 003 905 0.2 0.5 o8y
%0 10 255 241 171 108 077 284 266 183 1.13  0.80
50 30 167 181 145 104 0.30 209 201 158 LI0  0.84
50 10 S0 ‘240 181 121 0.89 280 266 195 128 0®)
Horiz Up 0 20 201 195 163 L3 097 225 218 L79 132 L0}
0 10 243 235 (9% 138 106 291 262 207 147 LI2
-50 20 194 19 168 136 L13 219 214 186 147 120
-30 10 23 231 199 155 126 265 258 218 161 132
50 10 292 273 486 114 080 a8 29 197 LB 0.82
%0 30 214 206 L6l 142 084 226 217 167 LI5S 086
45° 8¢ 10 28 274 L9 129 0% 3.2 295 200 134 096
Slope Up 0 20 230 223 182 134 1M 242 235 190 138 1.06
0 10 299 269 212 149 113 298 287 223 (.84 LI
~$D 20 222 217 188 149 131 234 229 197 154 138
-50 10 271 264 223 169 138 287 279 213 LIS 139

90 10 1.9 166 2,28 27 0.87 3.69 340 2,15 1.24
% 30 258 246 184 1IN Ltm‘l‘ 267 255 189 Lg'g %
10 [;..Jj_ 3.55 239 A5 102 63, 340 232 : 1.01
Vertical Horiz. 0 20 76 286 210 148 112 %‘2 £ 27 217 151 14
0 10 3851 335 251 167 1.7 349 333 250 167 LD
-50 20 264 258 218 166 133 282 278 230 173 1.7
~%0 10 33 32 262 1.9 1.48 340 330 267 194 130
90 10 507 485 256 L6 09] 481 433 249 134 090
50 30 .58 1.36 2.3 1.42 1.00 3,51 3,30 2.28 1.40 1.00
45° —50 10 S.10 466 285 160 109 474 436 273 157 108
Slope Down 0. 20 188 3.66 2,68 1.74 1.27 381 3.63 2.66 1.74 1.27
0 10 492 462 316 194 137 450 431 302 188 L34
-50 20 362 350 280 201 134 377 184 2% 205 L.S7
~-50 10 467 447 340 229 170 450 432 331 225 168
90 10 609 535 279 143 09 1007 B19 341 157 100
50 k1] 6.27 5.63 3.18 1.70 114 9,60 817 3.86 1.88 122
%0 10 661 390 327 133 LIS 1L15 927 409 183 124
Horiz. Down 0 20 703 643 391 219 t4D 1090 952 487 247  L.62
0 10 7.31 6,66 400 2,22 1.51 11.97 10.32 5.08 2.52 1.64
~40 20 7.3 720 477 285 199 1164 1049 602 325 218
-50 10 809 782 491 288 201 1298 )56 636 334 R

2Spe Chapter 20, section on Fa i .
bIiferpolation 1s permissible for other values of mean jemperature, temperature differences, and effective emittance E. Interpolation and moderate extrapolation

for air spaces greater than 3.5 in. are also permissible,
“Effective emittance of the space Eis given by I/E = 1/¢; + 1/ey — 1, where ¢ and #; are the emittances of the surfaces of the air space (See section B of Table

i,
'-’{Credi( for an air space resistance value cannot be taken more than once and only for the boundary conditions established.
¢Resistances of horizontal spaces with heat flow downward are substantislly independent of temperature difference.
{Thermal resistance values were determined from the relationR = 1/C, where C = A + Eh,, h, is the conduction-convection coefficient, Ek, is the radiation coef-
ficient &0,00686 E [(450 + 1,,)/100]2,2nd 1,,, Is the mean temperature of the &ir space. For interpretation from Table 2 1o air space thicknesses less than 0.5 in. (asin
insulating window glass}, assume A. = 0,795 (1 + 0.0016) and compute R-values from the above refations for an alr space thickness of 0.2 in.

*Based on National Bureau of Standards data presented in Housing Research Paper No. 32, Housing and Home Finance Agency 1954, U, S. Government Printing
Office, Washington 20402,

Table3JA Thermal Propertles of Typical Buillding and Insulating Materials—(Design Values)®
(For Industrial Insulation Design Values, sez Table 3B). These constants are expressed in Btu per (hour) (square foot) (degree
Fahrenheit temperature difference). Conductivities fk) are per inch thickness, and conductances {C) are for thickness or construction stated,
not per inch thickness. All values are for 2 mean tempersture of 75 F, except as noted by an asterisk (*) which have been reported at
45 F, The S units for Resistance (last two columns) were calculated by taking the
the values from the two Resistance columns under Customary Unit, and multiplying by the factor 17k (r/in.}
and 1/C(R) fo{ the appropriate conversion factor in Table 18,

Description Customary Unit SI Unit
lDensity Conduc- | Conduc- Resistance?(R) Specific || Resistanced (R)
(b/113) | tvity tance Heat,
k) {8y} Perinch | Forthick- | Bu/(b) | (m-K) [(m®K)
thickness | nesslisted | (degF) W W
(1/k) (1/C)
BUILDING BOARD
Boards, Panels, Subflooring, Sheathing
Woodboard Panel Products

Asbestoscementboard ....................... 120 40 — 0.25 _ 0.24 1.713
Asbestos-cementboard. . .....ovveiinnnn G 125in. | 120 _— 33.00 - 0.03 —— 0.005
Asbestoscementboard. ................. 0.25in. | 120 - 16.50 — 0.06 0.01
Gypsumorplasterboard . ..........,..,0.375in. | 50 - 3.10 — 0.32 0.26 0.06
Gypsumorplasterboard ...............,. 05004 50 — 2,22 — 0.45 0.08
Gypsum or plaster board ..... Cera e 0.625in. | 50 — 1.78 — 0.56 0.10
Plywood (DouglasFir). .. .....covvininiannnnn 34 0.80 - —_ 125 - —_ 0.29 8.66
Plywood (DouglasFir) .. ........co0vuvenn 0.25in, | 34 — 320 — 0.31 ] 0.05
Plywood (DouglasFir) ................. 0.375in. | 34 — 213 — 0.47 0.08
Plywood (DouglasFir). ... ...ccvenevnnn.. 0.5in. | 34 - 1.60 —_ 062 . ol
Plywood (DouglasFir) . ................ 0.625in. | 34 - 1.29 - 0.77 0.19



ANALYSIS OF DOUBLE-DRAPED FENESTRATION
CONFIGURATIONS

CLARK W. PENNINGTON CLAYTON A, MORRISON, P.E. DR. HERBERT A INGLEY 1H
Foetlow Memboer ASHIRAE Muombetr ASHRAL Membior ASHRAL

In recent years there has been a great increase in the use of double drape
arrangements, particularly in hotels and motels. Such arrangements are also
used extensively in offices in commercial buildings and in apartments and
private residences. Since this type of shading is not presently covered in the
ASHRAE Guide or Handbook, some analysis of the arrangement should be made with
a view to include significant information in future issues.

The common arrangement now in use is a heavy opaque roomside drape, usually
boxed at the top and extending to the floor; and in some cases overlapping a
considerable area of the wall. Often these drapes are lined, usually with a
light colored reflective material. Some are sprayed with a coating on the
windowside, and some have a thin laver of insulation. The inner drape, betwezen
the roomside drape and the window, is usually open weave to admit light, and-
light colored to increase reflectance; however, there is a wide variety of
types used.

SELECTION OF FENESTRATION PARAMETERS

The double drape arrangement affects two factors which are of significance;
the "U" factor for the fenestration, and the shading coefficient. The "U"
factor affects both heating and cooling load calculations, and will be dis-
cussed first.

The "U" factor is affected in that a second partially enclosed air space
has been included in the barrier. A rough determination of the effect of this
can be made by assuming that "U" = 0.81 for a single glass and drape combina-
tion as listed in the ASHRAE Fundamentals Handbook. Based on this, an air
space conductance of 3.22, or resistance of 0.31 can be calculated. Using
this value for the second air space, the overall "U" becomes 0.65. When it is
considered that the double drape arrangement usually provides a much tighter
air space than the conventional single drape or closed venetian blind, and
that the drape itself is of dense heavy material, it seems that a lower air
space coefficient would be justified. A totally enclosed air space between
high emissivity surfaces would range from 1.00 to 1.20., Using an air space
coefficient of 2.00 would seem to be appropriate for the usual installation.
This would yield an overall "U" value of about 0.5 Btu/sq ft/hr F.

C. W. Pennington is Associate Professor Emeritus;
¢, A. Morrison and H. A. Ingley are Assistant Professors, Department of
Mechanical Engineering, University of Florida, Gainesville, Florida




The determination of shading coefficients for double drape arrangements,
without conducting suitable tests, is somewhat more difficult. However, some
approximations can be made by assuming drapes with various solar properties,
and using the analysis procedure developed for insulating glass and drape
arrangements, with suitable changes in air space conductance values. This
method has a fallacy in that it assumes a convective as well as radiative
exchange between the drape and glass. A more logical method is to assume that
all heat picked up by the air circulating in the air space between the glass
and drape is delivered to the indoor space. If the drape is at a higher
temperature than the glass, which will normally be the case with clear glass,
then most of the heat delivered to the glass by radiation will be delivered to
the outside space. Solar heat delivered to the indoor space is then the
transmitted heat, plus the heat absorbed in the roomside drape, plus the heat
absorbed in the windowside drape, less heat radiated to the glass from this
drape. It is necessary to determine glass and drape temperatures, and this
can be done using an adaptation of the method illustrated in Example 5, Chap. 22
of the Handbook. It must be noted that the drape properties used are for the
drape in place, and not flat fabric.

Several calculations were made to determine the relative effectiveness of
single vs double drape arrangements for the solar heat control., For single
drape arrangements, a Shading Coefficient can readily be determined by reference
to Fig., 10 and Table 19 cof Chap. 22 of the Handbock. As an example, a single
drape with flat fabric properties v = 0.03, p = 0,60, a = 0.37 in combination
with clear glass would have a shading coefficient of 0.42. If a second drape
having properties 17 = 0.60, p = 0.30, o = 0.10 were placed between the first
drape and window, the combination would have a Shading Coefficient (5.C.) of
0.45. If the second drape alone were used, the S5.C. would be 0.65.

Tig. 10 and Table 19, Chap. 22 of the Handbook are based on drapes with
double (100%) fullness, that is, the width of the drapery material is twice
that of the window. If the material when stretched out is flat or almost flat,
as is often the case with the heavier roomside drapes, a lower Shading
Coefficient will result. In this case, using the roomside drape only, the
Shading Coefficient would be 0.32.

FENESTRATION ANALYSIS

In order to study the relative effectiveness of single vs double drape
arrangements for solar heat control, it was necessary to set up a simplified
model of several drape-glass combinations. Fig. 1 and 2 illustrate those
"ray-type" models used for this analysis. It was assumed that one ray having
an intensity of 250 Btuh/ft2 impinges on the outside glass at some arbitrary
angle. For the purpcse of simplifying this study, angle effects on the
solar properties of the materials were neglected. It would be possible,
however, to include these effects in the analysis if it were necessary. It
was further assumed that the energy impinging on the fenestration would be
either reflected back into the envircnment, absorbed by the elements making
up the fenestration, or transmitted into the interior space. The ray
penetrating the outside glazing was followed through its many reflections,
transmissions, and absorbtances until at least 99% of the incident ray
intensity was considered.
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The equations listed in Tables 1 and 2 are simplified versions of the
equations describing the attenuation of each ray. These equations are derived
in such a way as to greatly simplify calculating the portions of insolation
being reflected, transmitted, and absorbed by the various fenestration ele-
ments. A discussion of a desk top computer application of these equations
follows. With the results of this ray analysis, it is possible to calculate
the temperatures of the glazing and drapes making up fenestration and to
determine a shading coefficient which is based upon these calculated values.

CALCULATION PROCEDURE

An iterative calculation was used to calculate the temperatures and shading
coefficients for the single glass - double drape fenestrations. To initiate

the calculations, an outside glass temperature {t_ ) was selected and
substituted into Eg. 1. go

3 2
B h AT + (h; + h )AT® 4 hijh £y + hy(h; + ha)tgo
tgy = (1)

2h_(h; + hy) - hy°

The windowside drape temperature was calculated and substituted into Eq. 2.
error = hyltg, = t5) + haltgy = Tg1) = ATL = 0 FoFA(Tgy? = Too?) (2)

The trends in the error function were observed and corrections made to tqo'
The value of tgy corresponding to the correct tgo value was then substituted

into Eq. 3 in order to calculate the Shading Coefficient.

1
1

S.C. = (TT3 + AT3 + AT2 - O FaFeA[Tsl4 - Tgo4]%——7f——
DN CS

(3)

The double glass ~ double drape analysis involved an additional equation. In
this case an inside glass temperature (tgi) was assumed. Eg. 4 and 5 were

used to calculate the windowside drape temperature and an outside glass
temperature. Eg. 6 was then used to check the assumed value. The trends of
the error function with changes in t,; can be quickly recognized. When using
the desk top calculator, very small errors were achieved in three to four

trials. The correct tg value was then substituted into Eg. 7 in order to

calculate the shading coefficient.

o - hyAT4 + AT3 (h; + hy) + hphgty + hy(hy + hy)tg; ()
L=
h (2h; +h))

4
- . F F A(T .% -
ATy + h ot + hastgl + o F_FA(T T

t
go hy + hgg

4)
gi {5)
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4

hag(tgi = tgo) + Baltgs = tg1) = ATL - 0 FoFA(Tg? - 7g3%) = error (6)
S.C. + [TT4 + AT4 + AT3 - 0 FF.A(T.4% ~ 7.4 ] 1
afe* Vsl gi Ezgﬁi;; (73}

Example Problem - Analysis of a Single Glass - Double Drape Fenestration

Given: T o p

glass properties 0.47 0.48 0.05
windowside drape 0.54 0.235 0.225
roomside drape 0,03 0.37 0.60

Using the relations as given in Table 1, the following values were determined:

RTL 36.26 Btuh ft2
ATl = 144,15 Btuh ft2
AT2 = 238,54 Btuh ft?
AT3 27.57 Btuh ft2
T3 2.23 Btuh ft2

I

It

i

Il

A glass temperature was estimated and substituted into Eq. 1 along with the
following values:

2.0 Btuh ft2-p
1.5 Btuh ft2°F

75 F

ha

i

i

i
An initial guess of tgo = 110 F yielded a value of t ; = 118.503. This was
substituted into Eq. 2 resulting in an error of -32.189., A second guess of

tgo = 120 F yielded values for tg] and the error function of 125.503 and 17.38163

respectively. Subsequent guesses indicated that a glass temperature of 116.5 F
yielded a very small error when substituted into Eg. 2. When the appropriate
values were substituted into Eg. 3, a Shading Coefficient of 0.274 was obtained.

DISCUSSION OF RESULTS

Since the function of the windowside drape is to admit light when needed, and

to provide for outward vision, it will normally be an open-weave material with
high transmittance. This will, in most cases, result in a higher Shading
Coefficient with the two drapes acting together than with a high reflectance
opaque drape acting alone, The difference may not be significant unless the
windowside drape is one with high absorptance. In this case, the difference
may be considerable. A different arrangement, placing the open weave drapery

on the roomside of the heavy drape, has the advantages of maintaining the better
Shading Coefficient provided by the light colored heavy drape orx its lining. It
still provides a second air space, and may be pulled over the window alone to
reduce heat or glare, and to provide semi-privacy. An added advantage of either
double drape arrangement is that it provides a better comfort condition through
modifying the roomside drape temperature., This is true both for the summer and
the winter condition. The roomside drape will be more nearly the temperature

of the indoor space.
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Table 3 contains the data input and the calculated results for fenestration
configurations using single glazing and double draperies. An examination of
the tabulated section headed '‘Component Properties' shows that the windowside
drape properties remain constant while the roomside drape properties are varied.
Examination of the glass column shows that two types of glass were considered—-
heat absorbing glass, and quarter-inch clear plate. Examination of the room-
side drape column shows that the drape was first considered in a flat configura-
tion and subsequently as material with 100% fullness. All rows having an
asterisk (*} beside the reflectance value for the roomside drape refer to the
preceding material with 100% fullness. Examination of the shading coefficients
associated with each set of input data reveals that the shading coefficient is
always greater for fenestrations containing draperies with 100% fullness. This
is to be expected since the effect of pleating a drapery tends to reduce its
reflectivity. The range of shading ccefficients calculated for the fenestration
configurations considered varied from .274 to .500. The higher shading coeffi-
cient values are associated with the quarter-inch clear plate glass fenestrations
while the lower shading coefficient values are associated with configurations
with heat-absorbing glass. Examination of the values calculated for single
plate heat absorbing glass in combination with double draperies indicates that
they compare guite faveorably to the shading coefficients which are obtained
using updraped insulating panels with reflective coatings.

Table 4 contains the data associated with double drape - insulating glass
fenestrations. Examination of the 'Component Properties' columns shows that
heat~absorbing glass is sued for the outside plate while quarter-inch clear
plate glass is used for the inside surface. Four different types of room side
drapery material were considered in both the flat and 100% fullness configuration.
An examination of the shading coefficients calculated reveals that only a slight
decrease is produced through the addition of the extra plate of clear glass,

The shading coefficients vary from .26 to .307. When these values are compared
with comparable data lines in Table 3 the advantage of insulating glass panel
over single glass glazing may be observed from the standpoirt of shading
coefficient reduction. Since guarter-inch clear glass plate has a low
reflectance and a high transmittance value, it is evident that only a slight
decrease in the shading coefficient should be expected. However, during periods
of heating, the more favorable "U"™ value of the insulating glass panel becomes
advantageous.

The foregoing is a very superficial discussion of double drape arrangements.
It concerns itself only with a very limited selection of drapery materials, in
combination with single clear glass, heat-absorbing glass, and insulating panel
with heat-absorbing plate on the outside surface. It could be extended to
include insulating tinted, or reflective glass types in combination with an
endless variety of drapery materials, Caution should be observed in using high
reflective drapes in combination with tinted or heat-absorbing glass. While
draperies have a major effect in reducing solar heat gain through clear glass,
they have only a minor effect in reducing this gain through reflective glass.
Double drapes would be effective, however, in reducing winter heat loss through
this as well as other glass types.

CONCLUSIONS AND RECOMMENDATIONS

It is emphasized that this discussion is based on experience, assumptions, and
theory, not all of which have been experimentally verified. A testing program
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with equipment which was once proposed by Mr. John Yellott would be in order.
This consisted of a room with a window wall, fully controlled and instrumented,
and pivoted to face in any direction. Devices such as the Solar Calorimeter
and Guarded Hot Box at the University of Florida are not satisfactory for such
testing, due to the limited window size and inadequate interior space.

The data contained in Tables 3 and 4 are representative of fenestration
materials which are commonly used. An analysis of these data leads to the
following conclusions:

1) Double drape arrangements offer extreme flexibility in
providing for full entry of light and outward vision when
desired, limited entrxy of light and outward vision, or
almost complete elimination of light and of outward vision.

2) The lowered "U" factor with this arrangement provides for
lower air-to-air heat gains in summer, and lower heat
losses in winter. 2 "U" value of 0.5 seems reasonable for
single glazed-double draped fenestrations.

3} Indoor comfort conditionsg are improved due to drape tempera-
tures being more nearly that of the occupied space.

4) The double drape system may either raise or lower solar heat
gains, depending upon the solar properties of the materials
used, and the arrangement of the two draperies.

5) In the usual case, i.e., an opadque room side drape with high
reflectance to the outdoor side, and an open weave drape on
the windowside, the room side drape acting alone will provide
a lower solar heat gain. This is particularly true if the
window side drape is of dark material. If the open weave
drapery is placed on the room side of the heavy or opaque drape,
then the lower sclar heat gain is not lost, and the advantages
of the second drape are still attained.

6) Fach combination of glass and drapery materials should be
analyzed to determine the most economical operating condition,

7} The true performance of any arrangement can be determined only
by tests and measurements. A set-up to do this would be fairly
costly. However, it is the only method by which theoretical
calculations can be verified.

8) After the foregoing analysis has been checked via experiment,
desk top, programmable calculators can be used to provide
accurate data when the properties of the fenestration com-
ponents are known.
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NOMENCLATURE

U = Overall heat transfer céefficient for fenestration
T = Transmittance property of glass or drapery

p = Reflectance property of glass or drapery

o = Absorptance property of glass or drapery

5.C. = Shading Coefficient for fenestration

tg1 = Windowside drapery temperature, F

t82 = Roomside drapery temperature, F

tgo = Outside glass temperature, F

tgi = Inside glass temperature, F

Tgi = Absolute temperature of inside glass, "R

Tti = Temperature of the indoor space, F

Ty, = Absolute temperature of windowside drape, 'R

Tgo = Absolute temperature of 1/8 in. clear plate glass

Tos = Transmittance of double strength, assumed to be 0.87

Fy = View factor for radiaticon heat transfer

F, = Emittance factor for radiation heat transfer

A = Area of heat exchange

o] = Stefan Boltzmann constant

IDN = Insolation on fenestration

ha = Heat transfer coefficient for air space between draperies and glass
sur face

h; = Heat transfer coefficient for room side fenestration element

h = Heat transfer coefficient for air space in the insulation glass

as
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TABLE 1
Symbol Identification for a Double Drape-
Single Glass Fenestration

BB

cC

DD

I

Vo
5

Vp2

X(13

XT3

v
Ta

(AA)al

(AA)Tl

(AA)pl

Summation Equations for
Identification for Double Drape-
Single Glass Fenestration

RT1

ATl

ATZ

AT3

TT3

il

A+IAU+ (CC) + (NN) + (SS)

B+K+T+ {BB) + {MM) + (RR}

DANHWH (FF) + {00)

F+P+Y+ (HH)

GHO+Z+ (JT)

EE
FF
GG
JJ

HH

LL

MM

Q0

PP

QQ

SS

J+5+({DD)
(EE)az
(EE)T2
(GG)T3
(GG,
(GG)p3
(EE)p2
(LY 1y
(LL)ay
(KK)a2
KK},
(PP)p1
(PP)q

1
(PP)Tl
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TABLE 2

Symbol Identification for a Double Drape-
Insulation Glass Fenestration

I, = 250 Btuh f2 =V {(g3) V1l = UL (a3) U2 = R2 (1)
A =1 {pl) Y =V (r3) Wl = Ul (13) v2 = (F2) + {P2)
B =1 (g1} Z =Y {(p2) X1 = Wl {q4) +P+Z+ (M1)
C =1 {71) Al = ¥ {2} Yl = Wl (¢4} W2 = v2 (13)
D = {a2) Bl = Y (12) 2zl = S1 {p2) X2 = W2 (q4)
E =C (12) Ccl = Bl {pl) a2 = 71 (pl) Y2 = W2 {14)
F = E (03) D1 = BRI (cl} B2 = Z1 {ol) 722 = V2 (p3)
G = E {13) El = B1 (Tl) c2 = %1 (T11) A3 = V2 {a3)
H = G {a4) Fl = W (14) D2 = vl (p3) ad = 22 {p2)
J =G (14) Gl = W (ud) E2 = D2 {(u2) B3 = 22 ({a2)
X = C (pP2) Hl = W (p4) F2 = D2 (p2) C3 = 72 (12)
L =K {pPl) J1 = H1 {p3) G2 = D2 (T2) D3 = C3 (pl)
M = K (01} Kl = H1 {a3) H2 = G2 (pl) E3 = C3 {01}
N =K {T1) Ll = H1 {13) J2 = G2 (0l) F3 = C3 {rl)
O =B (p3) M1 = L1 (p2) K2 = G2 {T11) G3 = W2 (p4)
P =0 {p2) Nl = L1 (o) L2 = Wl (p4) H3 = G3 (p3)
0 = 0 (@2) oL = L1 (12} M2 = L2 (p3) J3 = G3 (a3)
R =0 (12} Pl = 01 (P1} N2 = L2 (a3} K3 = 63 (13)
s =R (P1) 01 = 01 (ol) 02 = L2 {13) 1.3 = K3 (p2)
T =R (ol) RLI = 01 {11) P2 = 02 (p2) M3 = K3 {(a2)
U =R (11) 51 = L+5+({Cl) 02 = 02 (02) N3 = K3 (12)
v =G (pd) + (P1) R2 = 02 (12) 03 = N3 {pl)
W =V {p3) T1 = 81 {(u2) $2 = R2 (pl) P3 = N3 (al)
Ul = 51 {(t2) T2 = R2 (al) 03 = N3 (71)

RTl = A+N+U+(EL)+(R1)+{C2)+{K2)+ (U2} +(F3) + (Q3)
AT = B+M+T+(DL)+(Q1)}+(B2)+ (T2} +{T2}+(E3)+ (P3)
AT2 = DHQ+(AL)+ (N1)+(T1)+(E2) + (02} + (B3} +(M3)
AT3 = F+X+ (K1) + (V1) +(N2)+(A3)+{JI3)

TT4 = J+(FLl)+(Y1l)+{¥2)
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Fig. 2 Schematic drawing of double
drape -~ insulation glass
fenestration

Fig. 1 Schematic drawing of double
drape - single glass
fenestration






