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La mgthode graphigue s i m p l e  pr'esents dans c e t t e  etude  permet 
de  calculer d h  La corlcepelon le beaoln en energte de chauffage 
des maisons solalres passives 'a apports directs afin de 
dEterminer I'aire den Penatsea exposks au s u d  st la maese 
ehemique de stockage qui diminueront le tofit de lT6nerpie 
requise pour le chauffage. Cette mCthade s ' a p p l i q u e  a tous les 
types de maison, de la matson solaire paestve 3 apporta d irec ts  
de  masse 6lev'ee a la matson dc f a i b l e  masse 3 ossature l"eg&re. 
Un exemplc montre comment ktabl i r  la surface optimal.@ des 
fealtres exposges au aud B l'aide de cette d t h o d e .  
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ABSTRACT 

A simple graphica l  procedure i s  presented f o r  c a l cu l a t i ng  t he  heat ing energy requirement of 
direct-gain,  passive s o l a r  houses during t he  design process i n  order  t o  e s t a b l i s h  t h e  
combination of south window a rea  and thermal s torage  mass t h a t  w i l l  minimize purchased space 
hea t ing  energy. It i s  appl icab le  t o  t h e  complete range of house cons t ruc t ion  types,  from 
high-mass, direct-gain passive s o l a r  houses t o  low-mass, l ight-frame houses. An example 
i l l u s t r a t e s  t he  use  of t he  method i n  e s t ab l i sh ing  t h e  optimum south-facing window area. 

INTRODUCTION 

The need f o r  a simple method of es t imat ing  t he  heat ing energy requirement of a house i s  widely 
recognized. Such a technique could be used f o r  comparing a l t e r n a t i v e s  i n  t he  design process 
and f o r  eva lua t ing  house designs t o  determine t h e i r  compliance with energy s tandards.  An 
important aspect  of such a method i s  t h a t  i t  provides a means of es t imat ing  t h e  amount of 
s o l a r  energy co l lec ted  through windows and u t i l i z e d  t o  o f f s e t  heat  losses .  

A number of methods have been developed f o r  es t imat ing  the  net  s o l a r  cont r ibu t ion  t o  
space hea t ing  of direct-gain passive s o l a r  house designs. The solar-load r a t i o  (SLR) method 
developed by t h e  Los Alamos S c i e n t i f i c  ~ a b o r a t o r ~ l , ~  i s  widely used i n  t he  United S t a t e s  and 
Canada, but the  range of parameters t h a t  can be considered i s  l imi ted  t o  those i n  t he  
reference designs. I n  pa r t i cu l a r ,  t he  SLR method cannot be used t o  examine t h e  e f f e c t s  on a 
s p e c i f i c  design of f a c t o r s  such a s  number of glazings and amount of thermal s torage.  

Another approach t o  est imating s o l a r  cont r ibu t ion  i s  the  " u n - u t i l i z a b i l i t y "  method 
developed a t  t h e  Universi ty  of   is cons in.^ It r e l i e s  on s o l a r  r ad i a t i on  s t a t i s t i c s  t o  
determine the  non-useful f r a c t i o n  of s o l a r  ga in  t h a t  must be el iminated t o  prevent 
overheating. More parameters can be considered wi th  i t  than wi th  t h e  SLR method, but  i t  
requi res  more ca l cu l a t i ons  involving r ad i a t i on  data.  It i s ,  therefore ,  not  so  widely used a s  
t h e  SLR method. Recently, however, t h e  "un-u t i l i zab i l i ty"  method has been made e a s i e r  t o  
apply through the  use of t ab l e s  and graphs.4 

The procedure presented i n  t h i s  paper combines t he  s imp l i c i t y  of t he  SLR method with t h e  
f l e x i b i l i t y  of t h e  "un-u t i l i zab i l i ty"  method. It permits  c a l cu l a t i on  of t he  hea t ing  energy 
requirements of conventional a s  wel l  a s  direct-gain passive s o l a r  houses and i s  appl icab le  t o  
t h e  complete range of housing types,  from high-mass, d i rec t -ga in  t o  lowmass, sun-tempered 
houses. The ca l cu l a t i on  can be performed on a seasonal  r a t h e r  than on a monthly ba s i s ,  
making i t  e a s i e r  t o  use and permi t t ing  i t s  incorporat ion i n  a graphica l  technique t h a t  can be 
appl ied t o  determine t he  optimum* combination of south-facing window area  and thermal s torage  
mass. The graphica l  technique can a l s o  be used t o  i l l u s t r a t e  t h e  s e n s i t i v i t y  of seasonal  
heat ing energy requirements t o  changes i n  g l a s s  a r ea ,  type of glazing,  and thermal mass. 
Examples f o r  a Canadian l oca t i on  (Ottawa) i n d i c a t e  t h a t  t h i s  s e n s i t i v i t y  i s  l e s s  than might be 
expected. 

* Optimum i n  t h e  sense of minimum hea t ing  energy (no t  an economic optimum). 

S.A. Barakat and D.M. Sander, Research Off icers ,  Divis ion of Building Research, Nat ional  
Research Council Canada, Ottawa, Ontar io 



The energy consumption values measured i n  t h e  NRCC passive t e s t  u n i t s  during t h e  1981-82 
heat ing season have been compared with corresponding values ca lcu la ted  by means of the method 
presented i n  t h i s  paper.5 Calculated values were i n  c lo se  agreement wi th  t h e  measured 
r e s u l t s ,  the maximum di f fe rence  amounting t o  l e s s  than 5%. 

UTILIZATION FACTOR 

The ca lcu la t ion  procedure i s  based on the  concept of t h e  s o l a r  u t i l i z a t i o n  f a c t o r ,  ns ,  defined 
a s  t he  f r ac t i on  of t o t a l  so l a r  gain through a l l  windows of a house t h a t  cont r ibu tes  t o  
reduct ion of t h e  hea t ing  requirement; t h a t  i s ,  

- Useful s o l a r  ga in  
'S - Tota l  s o l a r  ga in  

The usefu l  s o l a r  gain f o r  any hour includes the  s o l a r  ga in  used t o  o f f s e t  heat  l o s se s  during 
t h a t  hour p lus  t h e  por t ion  s to red  i n  t h e  thermal mass t h a t  is  used t o  o f f s e t  l o s se s  a t  a l a t e r  
time. It does not include excess gain t h a t  must be discarded t o  prevent room temperature from 
exceeding a prese t  maximum o r  any ga in  u t i l i z e d  t o  o f f s e t  add i t i ona l  l o s se s  caused by a r i s e  
i n  room temperature above the  thermostat s e t t i ng .  

The seasonal heat ing energy requirement, H, f o r  a house is given by: 

where 

L = net  hea t ing  load 
ns = u t i l i z a t i o n  f a c t o r  f o r  s o l a r  ga in  
Gs = t o t a l  s o l a r  heat  ga in  through windows 

The s o l a r  u t i l i z a t i o n  f a c t o r  i s  expressed a s  a funct ion of two normalized parameters, t h e  
"gain-load r a t i o "  (GLR) and t h e  "thermal mass-gain r a t i o "  (MGR). The gain-load r a t i o  i s  the  
r a t i o  of s o l a r  ga in  through windows, Gs,  t o  t h e  ne t  hea t ing  load, L: 

Cis GLR = - 
L 

(2) 

This gain-load r a t i o  d i f f e r s  from the  s o l a r  load r a t i o ,  a s  defined by Balcomb e t  a1.,6 i n  t h a t  
t h e  GLR includes hea t  l o s se s  through windows while t h e  SLR does not. Moreover, t he  GLR 
includes s o l a r  gains through a l l  windows, not j u s t  those fac ing  south. 

The mass-gain r a t i o  r e f l e c t s  the  thermal s torage  c h a r a c t e r i s t i c s  of t he  bui lding a s  wel l  
a s  t h e  area,  type, and o r i en t a t i on  of t h e  glazing. It i s  defined a s  

MGR = C/gs ( 3 )  

where 

C = thermal capaci ty of the bui lding i n t e r i o r ,  MJ/K 
gs = average hourly s o l a r  ga in  f o r  season, W/h r ,  

(gs = GS/h i n  heat ing season) 

The thermal capaci ty,  C ,  i s  ca lcu la ted  a s  the  "e f f ec t ive  mass" of the  bui lding mult ipl ied 
by i t s  s p e c i f i c  heat.  The e f f e c t i v e  mass i s  the  mass ac tua l ly  ava i l ab l e  f o r  s t o r i n g  hea t  from 
d i r e c t  s o l a r  gain o r  from close contact  with room a i r  s o  t h a t  any change i n  room a i r  
temperature a f f e c t s  t h e  mass temperature. This normally includes t he  mass in s ide  t he  
i n su l a t i ng  layer  of the  walls and ce i l i ngs ,  but excludes t he  exposed concrete of uninsulated 
basement wal l s  and f loors .  Typical thermal capaci ty values f o r  four  types of construct ion a r e  
given i n  Tab. 1. 

Solar  u t i l i z a t i o n  f ac to r s  were derived by Barakat and Sander using hour-by-hour computer 
s i m l a t i o n  of a l a rge  number of houses having d i f f e r e n t  combLnations of space hea t ing  load, 
thermal s torage mass, so l a r  gain, and allowable temperature swing f o r  f i v e  Canadian 
 location^.^ When t h e  r e s u l t i n g  u t i l i z a t i o n  f a c t o r s  were cor re la ted ,  using t h e  parameters GLR 
and MGR, they were found t o  be independent of geographical l oca t ion  (Fig. 1). Figure 1 shows 
t h e  s o l a r  u t i l i z a t i o n  f a c t o r  p lo t t ed  aga ins t  t h e  GLR f o r  various values of MGR and a room 
temperature r i s e  of 5.5 C deg. Curves f o r  0 and 2.75 C deg temperature r i s e  a r e  a l s o  
ava i lab le .  



CALCULATION OF HEATING REQUIREMENT 

The bas is  of t he  ca lcu la t ion  method is the  simple heat  balance equation of the  house, a s  given 
by Eq 1. The seasonal  ne t  hea t ing  load, L, i s  ca lcu la ted  a s  

where 

Lt = t o t a l  heat  l o s s  due t o  transmission through e x t e r i o r  walls ,  windows, c e i l i n g s ,  e t c .  
La = t o t a l  hea t  l o s s  due t o  indooroutdoor  a i r  exchange ( i n f i l t r a t i o n  + ven t i l a t i on )  
Lb = t o t a l  below-grade hea t  l o s s  
ni = u t i l i z a t i o n  f a c t o r  f o r  i n t e r n a l  ga ins  
Gi = t o t a l  hea t  ga ins  from i n t e r n a l  sources ( l i g h t s ,  equipment, people, e t c . )  

The seasonal t o t a l  heat  losses  due t o  transmission through the  ex t e r io r  walls ,  windows, 
and c e i l i n g  may be ca lcu la ted  a s  

Lt = 0 . 0 3 6 ~ ( 5 ~  - g o ) z u ~  
(components) 

(MJ) ( 5  

where 

N = number of hours i n  heat ing season 
8. = seasonal average indoor a i r  temperature - 1 
8, = seasonal average outdoor a i r  temperature 
UA = thermal conductance of each component, including a l l  windows 

- The conductance values, UA, can be calculated a s  described i n  the  ASHRAE  andb book,^ and 
9, i s  ava i l ab l e  f o r  many loca t ions  from weather da t a  records. l o  The heat  l o s se s  due t o  
indoor-outdoor a i r  exchange, La, can be ca lcu la ted  from t h e  equation, 

where 

ACH = average a i r  change r a t e  of house ( a i r  changes per hour) 
V = volume of house, m3 

The t o t a l  below-grade l o s s  can be ca lcu la ted  using a procedure recent ly  developed by 
Mitalas . l l  The magnitude of t he  i n t e r n a l  gains,  Gi, depends on t h e  occupancy of t he  house. 
While data  concerning the  r a t e  of heat  r e l ea se  from various appliances a r e  ava i lab le ,  it i s  
always necessary t o  make a r b i t r a r y  assumptions regarding occupant behavior and, therefore ,  of 
i n t e r n a l  gains. For most s i t u a t i o n s  i n  which G is l e s s  than 25% of the heat  l o s s ,  a l l  
i n t e r n a l  gains a r e  assumed t o  be usefu l  ( s i  = lf .  

The seasonal t o t a l  so l a r  gain through the  windows i s  ca lcu la ted  a s  

where 

subscript  i represents  o r i en t a t i on  of window, and 
A = g l a s s  a r ea  
shi = shading coe f f i c i en t  of window 

Qi = t o t a l  s o l a r  gain through u n i t  a r ea  of a s i n g l e  shee t  of standard g l a s s ,  given by 
Qi = 0.83 Hi, where Hi is t h e  t o t a l  seasonal  s o l a r  r ad i a t i on  inc ident  on t h e  window 
sur f  ace 

Values of t o t a l  monthly s o l a r  r ad i a t i on  incident  on sur faces  of d i f f e r en t  o r i en t a t i ons  
and t i l t s  a r e  tabula ted  f o r  a number of locat ions.  I n  Canada t h i s  information i s  ava i l ab l e  
from the Atmospheric Environment Service a s  10-year averages f o r  130  location^.^ The seasonal  
s o l a r  ga in  can be obtained by summing the  values f o r  t h e  appropr ia te  months. 

Equations 2 and 3 a r e  used t o  ca l cu l a t e  t h e  GLR and MGR. The u t i l i z a t i o n  f a c t o r ,  ns ,  can 
then be found from Fig. 1 and the  space hea t ing  requirement (auxi l ia ry  hea t ing)  ca lcu la ted  
from Eq 1. 



GRAPHICAL DESIGN METHOD 

Solar  u t i l i z a t i o n  may a l s o  be presented a s  the  f r a c t i o n  of ne t  heat ing load tha t  must be 
supplied by the  hea t ing  system. This f r ac t i on ,  Fh, w i l l  be r e f e r r ed  t o  a s  t h e  "purchased 
heat ing fract ion."  ( I t  is ,  i n  f a c t ,  equal t o  one minus t he  s o l a r  heat ing f r ac t ion . )  

Figure 2 shows Fh p lo t ted  as  a  funct ion of t he  parameters GLR and MGR. The curves apply 
f o r  a  maximum allowable temperature swing of 5.5 C deg; graphs f o r  o ther  temperature swings 
have been given by Barakat and Sander.12 

The heat ing energy requirement f o r  the  house can be obtained from 

The above procedure can be incorporated i n  a  simple graphica l  method t o  examine t h e  
e f f e c t  of south-facing window type and a r ea  a s  wel l  a s  thermal s torage on t h e  hea t ing  
requirement of a  house. Figure 2 can be reformatted a s  shown i n  Fig. 3  and the  following 
p lo t t ed  aga ins t  south window a rea  f o r  a  p a r t i c u l a r  house design: 

1. Solar  gain,  Gs, calculated a s  a  l i n e a r  funct ion of south window area ,  assuming t h a t  
t h e  a r ea s  of wlndows on t h e  o the r  o r i en t a t i ons  remain fixed: 

where 

Go is  the s o l a r  gain through a l l  o r i en t a t i ons  o ther  than south 

2. Net house load, L, calculated a s  a  l i n e a r  funct ion of south window area :  

where 

L; is the  transmission lo s s  of t he  house with a l l  south windows replaced by 
wal l  (Asouth= 0 )  

3 .  GLR, obtained by dividing Gs by L a t  a  number of po in ts  

4.  MGR, obtained by computing CN/Gs f o r  a  number of values of Asouth 

The procedure f o r  construct ing the r e l a t i o n  between window area  and purchased hea t ing  
requirement i s  a s  f o l l m s  (Fig. 3): 

1. For any south window area ,  draw a v e r t i c a l  l i n e  t o  i n t e r s e c t  the  s o l a r  gain l i n e ,  t h e  
ne t  load l i n e ,  t he  GLR curve, and the  MGR curve a t  po in ts  A ,  B ,  C ,  and D, 
respect ively.  

2. Draw a hor izonta l  l i n e  from point  C t o  i n t e r s e c t  t he  purchased heat ing f r a c t i o n  p l o t  
f o r  t he  appropr ia te  MGR (measured a t  D) a t  point  E (some in t e rpo la t i on  between MGR 
curves may be necessary). This determines t he  purchased heat ing f r a c t i o n ,  Fh. The 
heat ing requirement, H,  i s  then equal t o  the  product of Fh and L. This is obtained 
graphical ly i n  the next t h r ee  s teps.  

3. Draw a hor izonta l  l i n e  from point  B t o  i n t e r s e c t  the  v e r t i c a l  l i n e  of Fh = 1.0 a t  X. 
Connect a  l i n e  between point  X and point Y (point  of i n t e r sec t ion  of the  v e r t i c a l  
l i n e  through Fh = 0 and the  zero  energy l i ne ) .  

4. Draw a v e r t i c a l  l i n e  from point  E t o  meet t he  l i n e  XY a t  F. 

5. Draw a hor izonta l  l i n e  from point  F t o  meet t he  o r i g i n a l  v e r t i c a l  l i n e  of Step 1 a t  
point  G. The energy value a t  po in t  G represents  t h e  purchased hea t ing  energy 
associated with t h i s  south window area.  

6. Repeat s t eps  1 through 5 f o r  o the r  south window a reas  and draw a curve through a l l  G 
points.  This curve represents  t he  r e l a t i o n  between Asouth and purchased hea t ing  
energy. 



A change i n  thermal s torage  f o r  t h e  same house can be accommodated simply by ca l cu l a t i ng  
new values of MGR and repeat ing the  above. A change i n  window type requires  r e p e t i t i o n  of the 
e n t i r e  procedure, beginning by r eca l cu l a t i on  of both Gs and L. 

SAMPLE CALCULATIONS 

Examples a r e  presented i n  Figs. 4 and 5 f o r  two d i f f e r e n t  house envelope cons t ruc t ions  
(thermal res i s tance)  i n  Ottawa, Canada. For each example, t h r ee  opt ions were evaluated: 

1. l i g h t  frame construct ion with a l l  windows double glazed 
2. same a s  1, but wi th  four  times t he  amount of thermal s torage  
3. l i g h t  construct ion with a l l  windows t r i p l e  glazed. 

Deta i l s  of the  s i x  cases examined a r e  given i n  Tab. 2 along with the  minimum purchased heat ing 
required f o r  each case and the  optimum south window area. 

SUMMARY AND OBSERVATIONS 

A simple graphical  procedure is presented f o r  determining the  optimum combination of south 
window area,  window type, and thermal s torage  mass f o r  any house construction. The following 
observations regarding direct-gain passive s o l a r  houses i n  the  Canadian cl imate were made by 
applying t h e  method t o  a number of house designs f o r  t h e  Ottawa area. 

The curves of purchased heat ing versus south-facing window a rea  a r e  very shallow around 
t h e  optinum area. I n  general,  a 50% change i n  south window a rea  on e i t h e r  s i d e  of t he  optimum 
value r e s u l t s  i n  a small change i n  purchased energy requirement (a  maximum of 4% i n  t he  s i x  
cases presented). 

The optimum south window area  decreases f o r  the  more energy conserving houses. For 
double-glazed windows and l ightweight  construct ion the  optimum a rea  i s  about 8% of f l o o r  a r ea  
f o r  an 80 G J  house (House 1).  This reduces t o  3.5% of f l o o r  a r ea  f o r  the more energy 
conserving (48 GJ) house (House 2).  

Although an increase  i n  thermal s torage  allows use of more windows and r e s u l t s  i n  a 
reduct ion i n  purchased energy, a l a r g e r  reduct ion i n  purchased energy can be achieved wi th  a 
smaller  area of t r iple-glazed windows. Taking the optimum double-glazing cases a s  bases f o r  
comparison, a four-fold increase  i n  mass r e s u l t s  i n  a 7% reduct ion i n  purchased hea t ing  f o r  
House 1 and 2% reduct ion f o r  House 2. Use of t r ip le -g laz ing  r e s u l t s  i n  reductions of 15% and 
21% f o r  Houses 1 and 2, respect ively.  

REFERENCES 

1. W.O. Wray, Design and Analysis of Direct  Gain Solar  Heated Buildings, Los Alamos 
S c i e n t i f i c  Laboratory, LA-8885+lS, 1981. 

2. J .D .  Balcomb, e t  a l . ,  Passive Solar  Design Handbook, Vol. 2, Passive Solar  Design 
Analysis,  U.S., Department of Energy, DOE/CS-012712, 1980. 

3. W.A. Monsen, S.A. Klein, and W.A. Beckman, "Predict ing of Direct  Gain Solar  Heating System 
Performance," Solar  Energy, 27:2 (1981) p. 143-147. 

4. S.A. Klein, e t  a l . ,  "Tabular Data f o r  the  Un-Uti l izabi l i ty  Passive Solar  Design Method," 
Proc. of t h e  6 t h  National Passive Solar  Conference, Portland: ISES, (1981), p. 328-332. 

5. S.A. Barakat, and D.M. Sander, U t i l i z a t i o n  of Solar  Gain through Windows f o r  Heating 
Houses, National Research Council Canada, Division of Building Research, BRNote 184, 
1982. 

6. Balcomb e t  a l .  

7. Barakat and Sander. 

8. Ibid.  

9. ASHRAE Handbook -- 1981 Fundamentals Volume, Chapter 23. 

10. Canada, Atmospheric Environment Service, Downsview, Ontario, Canadian Normals - 
Temperature, 1975. 



11. G.P. ~ i t a l a s ,  Baselnent Heat Loss Studies  a t  DBRINRC, National Research Council Canada, 
Ottawa, Division of Building Research, NRCC 20416, (1982), 63 p. 

12. Barakat and Sander. 
TABLE 1 

Sample House Weights 

Thermal Capacity 
per  Floor  Area 

(MJ/m2K) 

Construction 

0.060 Light - Standard frame construct ion,  
12.7-m gypsum board f i n i s h  on walls  and 
ce i l i ngs ,  carpet  over wooden f loo r  

0.153 Medium - As  above, but 50.8- gypsum board 
f i n i s h  on walls  and 25.4-mm on c e i l i n g  

0.415 Heavy - I n t e r i o r  wal l  f i n i s h  of 101.6-mm 
br ick ,  12.7-mm gypsum board f i n i s h  
on ce i l i ng ,  carpet  over wooden f l o o r  

0.810 Very Heavy - Commercial o f f i c e  building, 
304.8-m concrete  f l o o r  

TABLE 2 
Sample Calculat ion f o r  Ilouses i n  Ottawa 

Parameter House 1 House 2 

Case Case Case Case Case Case 
1 2 3 1 2 3 

Floor a rea ,  m2 207 207 207 207 207 207 

Thermal capaci ty,  MJ/K 12.4 49.6 12.4 12.4 49.6 12.4 

Wall thermal r e s i s t ance ,  m 2 * ~ / w  3.5 3.5 3.5 6.4 6.4 6.4 

Ceil ing thermal res i s tance ,  m 2 * ~ / w  5.2 5.2 5.2 10.5 10.5 10.5 

Glazing type Double Double T r ip l e  Double Double T r ip l e  

South so l a r  gain, MJ/m2 1814 1814 1670 1814 1814 1670 

Basement heat l o s s ,  G J  20 20 20 17 17 17 

In t e rna l  gains, G J  15 15 15 15 15 15 

A i r  change r a t e ,  l / h  0.25 0.25 0.25 0. l* 0.1 0.1 

Heat l o s s  coe f f i c i en t  
( a t  Asouth = O), m 2 * ~ / w  206 206 197 120 120 116 

Optimum south window 
area,  m2 

Minimum purchased 
heating, G J  

* Equivalent t o  0.5 a i r  changeslhour using a i r - to-a i r  hea t  exchanger of 0.8 ef fec t iveness .  
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G L R  

Figure 1. Seasonal solar utilization factor 
0 

(rocm temperature swing = 5.5 C) 

Figure 2. Seasonal purchased heating fraction 
0 

(room temperature swing = 5.5 C) 
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F i g u r e  3 .  I l l u s t r a t i o n  of g r a p h i c a l  p rocedure  
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N A M E  DBF!  

P R O J E C T  H O U S E  1 
O T T A W A ,  C A N A D A  

S O U T H  W I N D O W  A R E A ,  m 2  

Figure 4 .  Saniple c a l c u l a t i o n  f o r  House 1 
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( N A M E  D B R  I 
I P R O J E C T  H O U S E 2  1 

O T T A W A ,  C A N A D A  

Figure  5 .  Sample c a l c u l a t i c n  for House 2 
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Discussion 

P .  B r u n e l l o ,  U n i v e r s i t y  o f  U d i n e  ( I t a l y )  - L a w r e n c e  B e r k e l e y  L a b . ,  B e r k e l e y ,  C A :  
Two q u e s t i o n s  a b o u t  y o u r  i n t e r e s t i n g  m e t h o d o l o g y  f o r  c a l c u l a t i n g  r e q u i r e m e n t s ,  
w h o s e  p h i l o s o p h y  s e e m s  t o  b e  v e r y  s i m i l a r  t o  a  c o r r e l a t i o n  p r o c e d u r e  we h a v e  
d e v e l o p e d  ( r e p o r t e d  i n  t h e  P r o c e e d i n g s  o f  t h e  f i r s t  ASHRAE-DOE c o n f e r e n c e  h e l d  
i n  O r l a n d o ,  FL ,  i n  1 9 7 9 ) .  F i r s t ,  how d o  y o u  t a k e  i n t o  a c c o u n t  t h e  v a r i a t i o n s  
o f  t h e  i n t e r n a l  r a d i a t i o n - c o n v e c t i o n  l a m i n a r  c o e f f i c i e n t ?  S e c o n d ,  e v e n  t h o u g h  
t h e r e  i s  n o  i n t e r n a l  a i r  t e m p e r a t u r e  s w i n g ,  some s o l a r  e n e r g y  i m p i n g i n g  o n  t h e  
i n t e r n a l  s u r f a c e s  i s  l o s t ,  b e c a u s e  i t  m u s t  b e  a b s o r b e d  b y  t h e  w a l l s ,  r a i s i n g  
t h e i r  t e m p e r a t u r e  a n d  s o  i n c r e a s i n g  t h e  c o n d u c t i v e  h e a t  l o s s e s .  Do y o u  a c c o u n t  
f o r  t h i s  p h e n o m e n o n ?  

S.S. BARAKAT: The  v a r i a t i o n s  o f  t h e  i n t e r n a l  f i l m  c o e f f i c i e n t  a r e  n o t  a c c o u n t e d  
f o r  i n  t h e  c a l c u l a t i o n s .  T h e s e  v a r i a t i o n s  r e s u l t  f r o m  t h e  c h a n g e  i n  w a l l  s u r f a c e  
t e m p e r a t u r e  d u e  t o  t h e  i n c i d e n t  s o l a r  r a d i a t i o n  o n  p a r t  o f  t h e  w a l l .  No c o r r e l a -  
t i o n  f o r  s u c h  v a r i a t i o n s  e x i s t s  a t  t h i s  t i m e .  

S i n c e  t h e  r e s p o n s e  f a c t o r s  f o r  s o l a r  g a i n  a r e  n o r m a l i z e d ,  t h a t  i s ,  a l l  t h e  
g a i n  i s  a s s u m e d  t o  s t a y  i n  t h e  building, t h e  e x c e s s  h e a t  l o s s  d u e  t o  r i s e  i n  
w a l l  t e m p e r a t u r e  i s  n o t  t a k e n  i n t o  a c c o u n t  i n  t h e  c o m p u t e r  c a l c u l a t i o n s .  H o w e v e r ,  
t h i s  c a n  b e  a c c o u n t e d  f o r  u s i n g  t h e  "F" f a c t o r  d e s c r i b e d  i n  t h e  ASHRAE H a n d b o o k  
- - I 9 7 7  F u n d a m e n t a l s  Volume,  c h a p t e r  2 5 ,  p a g e  2 3 .  T h e  u s e f u l  s o l a r  g a i n  i n t o  t h e  
b u i l d i n g  c a n  b e  r e d u c e d  h y  a  f a c t o r  l e s s  t h a n  1 . 0  t o  a c c o u n t  f o r  t h e s e  e x t r a  
l o s s e s .  

F o r  w e l l - i n s u l a t e d  h o u s e s ,  s u c h  a s  t h o s e  b e i n g  b u i l t  i n  C a n a d a ,  t h e  e x c e s s  
h e a t  l o s s  w i l l  b e  i n s i g n i f i c a n t  a n d  t h e  e r r o r  d u e  t o  t h e i r  o m i s s i o n  i s  much l e s s  
t h a n  o t h e r  e r r o r s  a s s o c i a t e d  w i t h  s i m p l e  c a l c u l a t i v e  m e t h o d s ,  f o r  e x a m p l e ,  d u e  
t o  u n c e r t a i n t y  i n  s o l a r  r a d i a t i o n  m e a s u r e m e n t s  o r  s h o r t w a v e  r a d i a t i o n  r e f l e c t e d  
b a c k  t h r o u g h  t h e  window.  
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