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NOMENCLATURE

Area of eonvecting surface
Area normal to radiation

Heat capacity

Emissive power of source
Emissive power in wavelength interval o,B,Y
Convective coefficient
Thickness of solid or depth of fluid
Solar heat flux on hourly basis
Heat removed or added
Coefficient of reflectivity
Temperature

Temperature of surface w

Time

Volume

Wind velocity

Emissivity

Wavelength

Coefficient of absprption
Density

Stefan-Boltzmann constant
Conductivity

Diffusivity

Thermal conductance



q.(t)

SUBSCRIPT

S

Difference of heat flux between the case of all energy
absorbed and no energy absorbed

Heat flux, released from the wall

ag(t) = q; (t)

Convecting surfaces

Ambient surrounding

Outside solid

Airspace

Inside solid

Room air

Convecting surface of structure adjacent to the ambient air

Convecting surface of structure adjacent to the room air



CHAPTER 1
INTRODUCTION

Two recent papers [1,2] dbiain formulas for temperature variations
caused by the varying flow of solar heat through windows. These two
werks are used in the present study to develop a computer prograh for
calculating the transient cooling load required to maintain the interi--
or of a building at a given temperature. We assume that the building
is standing by itself without surrounding radiating buildings or pave-
menis.

The heat gain through semi-transparent single or composite barriers
is combined with the accompanying heat gain through the opaque walls;
see Figure 1.

The analytical solutions given in [1,2] cannot be represented
directly as numerical terms in the cooling load. This is because the
useful solutions in [1,2] exist as explicit solutions for the air
temperature of the room; the solutions also exist in the form of a
formal integral representation with the terms of the cooling load in-
volved in the integrals. To obtain a solution of this part of the
problem in numberical terms, two steps are involved:

i. Numerical evaluations of the formal integral representation

ii, Inversion of the indirect solutions to cbtain the numerical

results for the required cooling load.



HEAT GAIN
THROUGH

SEMT-TRANSPARENT
SINGLE BARRIER

HEAT GAIN
" THROUGH

SEMI ~TRANSPARENT
COMPOSITE BARRIER

HEAT GAIN
- THROUGH
OPAQUE BARRIER

A

COMBINATION OF

THE SOLUTIONS

Figure 1. Contributions to the Cooling Load.



Two procedures can be followed to arrive at a solution: One, we
use the analytical solutions given in [1;2]; and two, we solve our
problem directly from the differential formulation given in these
references by numerical method: The mathematical representation of
our problem was formulated into a computer program to perform the auto-
matic calculations. This computer program is given in a separate
volume available in the Department of Mechanical Engineering at South
Dakota State University.

Certain approximations are introduced in order to obtain the
nuﬁerical results. The approximations associated with the numerical
evaluations are diséussed in Chapter III. The error induced due to
the approximations can be reduced by using some of the more accurate
approximation methods. However,'the associated disadvantages in
doing so are:

1. The flow chart for the automatic calculation system can be

more complex in logic, and more difficult to understand.

2. The computer program associated with the flow chart can be
more involved and larger in size to such an extent that it
is not easily handled.

Also high accuracy can be attained by using smaller increments

for each step of the calculations. But the required number of calcu-
lations will be greatly increased, and so will be the required computer

time.



For engineering applications, we prefer to have our methods simple
and practical, so that they can be applied without difficulty by those

who are interested.



CHAPTER 1II

ANALYSIS

A. Assumptions

For the physical interpretation of our problem refer to Figures
2, 3, and [1,2]. Before our problem can be formulated into mathemati-
cal terms, certain assumptions are fundamental and have to be intro-
duced into our problem. Those assumptions are:

1. Convective heat transfer is governed by Newton's law of
cooling.

2. Room air temperature is uniform throughout.

3. Each solid surface taken into consideration is an isothermal
surface.

4. Over each isothermal surface, the convective heat transfer
coefficient is constant.

5. Temperature gradients are assumed to be zero in the normal
direction through the semi-transparent solid and airspace.

6. Radiation heat transfer is proportional to that calculated

from Stefan-Boltzmann's law of thermal radiation.

The Stefan-Boltzmann law of thermal radiation states that
ap = oA(T] - T5)
‘between solids of temperature T; and Ty, where q, is the amount of ther-

mal radiation energy wer unit time, © is the Stefan-Boltzmann constant

and A is the area of the radiating solid body. The Stefan-Boltzmann law
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Finite Slab
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+ O’ew(T4 = Tg) = qOS

Figure 3. One-Dimensional Transient Boundary—Value Problem
of Heat Conduction in a Finite Region.



is only applied to a black body. In the present case, we have

q.(e) = oeA(T] - T2)

where € is the emissivity of the radiating solid body. The amount of
thermal radiation heat transfer is dependent on the emissivity of the
radiating body.

The above six assumptions are fundamental and essential; two
more assumptions greatly simplify our problem:

7. The solid surfaces taken into consideration are flat.

8. The governing differential equations involved are linear or
can be linearized, and therefore the principle of superposition can
be applied.

Assumption 8 is not required when our problem is solved numeri-
cally. However, this assumption will be somewhat absorbed in the

approximations associated with the numerical method.

B. Composite Barrier

(a) Mathematical Formulation

The system of governing differential equations is {see Figure 2)

l. For the outside glass:

d
g

1 r A
P — - - sumaj |1+ 0P l—SUMA]
= Aa{Angqos(t)(l rg)(1 - SUMA) |1+ “0P o ( )

ng

4 £ 4 4
- haAa(Tg - Tg) -oegAa(Tg - Tg) = thb(Tg - Tf)"UegAb(Tg ' Tf)} (1)



2. For the airspace:

1
2 go[Y%AbCT o N Tf)] (2)
3. For the solid:

%ﬂf 3 é -{A q (t)(1 - rg)(l e rp)(SUMA)(l - SUMB) - hCAC(Tp -'Tf)

=T KT - D hR (TS T )= o (T T4)} (3)

4. For the room air:

dT L

b 50{ Anplos (1) (1 = T5) (1 - =) (SUMA) (SUMB) (1 - SUMC)

+ hghy (T - T,) + Ay, (£) + thw[Tw(t) - T, J

_ 14 i
+ O (T4 T ) + chvax () )} (a)
where
Ao = PeCpgq
By = prprf
Co = PeCppp
o~ pxcvax
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SUMA =

Q
14635

N LE
SUMB = 3 E—ﬁ exp(-p L )

B=1 Ep B.P
k
AE
SUMC = © Y exp(—;LYLX)
ol ink

Compared with [1], two more terms are added into the system of govern-

~ing differential equations. Those terms are:

Thermal radiation heat transfer from the inside solid to the room:

oeA (T4 - T4
% d( p X)

and heat transfer associated with mass transfer:

pxCprx(Ts - Tx)

where Vx is the volume rate of mass transfer in fta/hour.

Heat transfer associated with the mass transfer is considéred only when
the original system of governing differential equations is solved di-
reclly by numerical method. Here the thermal radiation term is added
because, for a high emissivity solid exposed to slow moving air, the
reradiation factor can be important. For a high transparent solid the
term may be neglected. The second term is also added to increase

flexibility.



it

(b) Solutions in Cooling Load

The solutions given in [1] are explicit solutions for the air
temperature of the room, and those solutions exist in the form of for-
mal integral representation witk the term of the cooling load involved
in the integrals. 1In order to calculate the solutions for cooling load,
we proceed as follows:

1. We replace the formal integral by ‘their equivalent sums.
Numerically, this is equivalent to evaluating the integrals by the left
hand rectangular rule.

2. We evaluate the required cooling load numerically by method
of trial and error iteration.

A computer program is available for performing the above mentioned

two operations. This computer program is listed in the separate volume.

(c) Numerical Solution

When equations (1 to 4) are simplified, they become

dT

g . x _ = 4 _ 14y - 2
1. = Ay (t) A2(Tg T,) A3(Tg A4(TgJ T¢)
2 2 ‘ 5
As(Tg - Tp) (5)
o (6
3. Mo (t) - C.(T? - T3) = C(T, - Tp) - CulT. - T.)
fe Ty~ “1%s 2\ p X 3V p f 4\'p X
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dTy _
8 e quos(t) + D2(Tp = Tt D:{Tw(t) - Tx] + Dyq (t)

% D (Tg - Ty) + D(T, - T ) (8)

6

with the initial conditions

Tg(o) = T,(0)

TX(O) = 530°R
Tp(O) = T,(0)
AR %-[Tg(O) " Tp(O)]

We wish to have Tx kept constant; therefore we set

dT

'E% 0O; it follows that

I

= = =, Oo
r Tx(t) TX(O) 530°R

With these conditions we can numerically integrate equations (5 to 7)

simultaneously by the fourth-order Runge-Kutta method. Equation (8) is

transposed to solve for the required cooling load:
= -. = 4 _ T4
q,(t) = ﬁi {quos(t) +05(L, ~ )+ Ug [Tw(t) Tx] + Dg(1d = 1)

%001, - T} (9)

where the constants in equations (5 to 8) are:

1 A 1
s _ - [ + DB r (1 - SUMA
17 5 Ang(l rg)(l suma) |1 - rp( )J
o ng
A, = Dahg Ay = ZEofa
2 3
AO Ao
s oegApb
Ay = b:b Ay = b
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_ hpAp B hcAg
b 5
0 By

6 = L A1 - rg)(1 - v,) (SumA) (1 - suMB)

(0]
oepAg h.A
C. = =P G Ca = c C
2
Co 3 Co
A
G, = hgAq Cy = GeEAc
CO CO
- _ - ; -
D, 5; Anp(l rg)(l rp) (suma) (SuMB) (1 - SuMcC)
By = hgAd D. = Pwhw
D 3T D
(o} (o]
Dy=2a pg = Zeptd
D D
(o] (o]
Dy = chngx = Y;
DO VX

C. Single Barrier

(a) Mathematical Formulation

The mathematical formulation can be obtained from [2] with some
extensions. The solutions given in [2] were used for solar heating
only. In order to apply the solutions of [2] to the present study, a
cooling load term has to be added to the system of governing differential

equations. Also the thermal radiation heat transfer from the solid to

269621
SOUTH DAKOTA STATE UNIVERSITY LIBRARY
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the room is not neglected. A term of heat transfer associated with
mass transfer is included only when the system of governing differen-
tial equations is solved numerically.

With reference to [2], the system of governing differential
equations is:

1. For the solid:

1
__9_ = e - - - - - 0 4 - 4
s [ Anglos(t)(1 = ) (L - SUMA) - oA, (Ty - T,) - O A, (TG - T¢)
4 _ -4
- hpAp(Ty - Ty) - T Ap(Ty - IX)J (10)
2. For the room air:
| e
Koy . _ ) b 4 o
Te = 5, [ Pp(Tg = Tx) + Anglos(¥)(1 = 7g) (SUMA) + 06 Ay (TG - TH)
' - 1
= Aaqx(t) M pxCvax(Ts TX)J (11)
where
B &=
o = Polpgy
S pxCprx
m
suma = » 2k exp(- paLg)
a=1 Fp

Somewhat differing from [2], we use here the concept of equivalent
thermal radiation coefficients based on the linear temperature difference

(this approximation concept will be discussed in the next chapter).



IS

Let
e . ”.
nio= Geg(Tg + TS)(Tg + Ts)
N 2 Vs :
hpy = Oeg(Tg + T (T + Ty)

The method and solutions are given in [2]. The method of equivalent
thermal coefficient is used because of convenience in numerical compu-

tation.

(b) Solutions in Cooling Load
Applying the solutions given in [ 2], the method is the same as

that for the composite barrier.

(c) Numerical Solution

The system of the governing differential equations (10,11) is

rewritten in the form

dT -
—, == - - o
B BBy Gag(t) - Bol(Ty = Tg) r BylTy T (12)
dT,
3t = Bglos(t) * Bs(Ty = Ty) + Bgay(t) + Byo(Tg - T,) (13)
where
B, = ﬁL Ang(l = Vg)(l - SUMA) B, = ﬁL A lhy +h)
0 (o]
By = L Ap(hy + hy) By = ﬁL Ap(hy, + )
Bo X
= :_A_A B '—_‘-1_ © \./
Bg = ﬁL Ang(l = 1) (SUMA) % Boe 10 7 B Px7px x
X
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with the initial conditions
= : = O
Tg(O) T, (0) T, (0) = 530°R

Since the air temperature of the room is assumed to be constant, we
set

at =03 therefore

- s — o
T, = T,(t) = T,(0) = 530°R

‘Equation (12) can be integrated numerically. In the present study, we
use the fourth-order Runge-Kutta method to integrate equation (12).

Equation (13) is transposed to evaluate the required cooling load:

a(t) = 2L [Beaos(t) + Bs(Tg - Tye) + Byo(Tg - Ty) | (14)

D. Opaque Barrier

(a) Mathematical Formulation

The mathématical formulation of the second part of the problem
(see Figure-S) can be obtained by a simple energy balance. With our
assumptions, this part reduces to a one-dimensional transient boundary-

value problem of heat conduction in a finite region. The governing

. differential equation is

21

= 1 Q% where 0<x<L, t>0 (15)
dAx o 9

with the initial condition

§ = F(x) where O0<x<L, t>0



AL (/

and boundary conditions

T 4
- K13X + By (T - Tg) + oew(1* - 18) = qoe(t)
at x=0, t>0
dT _ 4 4y _
KQS;-+ h, (T Tx) + oeW(T Tx) qx(t)
at x=L, t>0 (17)
where
T = T(x,t)
T, = Ts(t)
| _ _ Of .
I, = T (t)l= T,(0) = 530°R

(b) Numerical Solution
These equations are solved by the finite difference method.
Applying the finite difference approximations (see Discussion) and

refering to Figure 3a, we reduce our problem to:
¥ =1 + =%
(x;0t, + k) = [TCx; + hyt;) + 4T(x;t,) + Tlxg ht,) ]

i:2’3’ooooo,m"l j:1,2’0"'-,n"1 (18)



FU— o
J o ¥ =
1
1 i-1 i i+l

Figure 3a. Finite Difference Stencil Diagram.



The boundary conditions in difference form are
= KL Mr(x,,t:) - T(x st)] + by [T(x:,t.) = T_(t.)
h 2’7 1°7] 1 1°%5 Chl

4 ' _ -
+Q'ew I:T (xl’tj) - Tg(tj):] = qos(tj) J=1,2,0ec009n

K
q% [T(xm,tj) . T(xm_l,tj)] + h, [T(xm,tj) « Tx(tj)]
+'°ew'[T4(xm’tj) - Ti(tj):]: qe(t;) 3= 1,55 5

and the initial condition is

T(xi,to) = F(xi) 1= 1324030

19

(19)



CHAPTER III

APPROXIMATIONS AND RESULTS

The method of solution discussed in the preceding chapter is

associated with the approximations methods discussed in this chapter.

A. Mathematical Simplification

The thermal radiation terms involved in equations (1" %o 4),
(10 to 11), (15), and (17) are linearized by applying Newton's forward
difference method [1]. Consider the thermal radiation heat transfer
from a solid next to the ambient surrounding. We have, after applying

Newton's forward difference method,

4 4
q, = Oe (Ty - To) (T, - T.)

ST =) 0

where

To & T < Tl

g

However, it follows by Stefan Boltzmann's law of thermal radiation,

that

o 4 _ 14y - 2, 12 ] y
qt=oey(td - 18 = e [(12+ 12T, + 1) (14 - T)

Here q§ denotes the true amount of thermal radiation heat transfer.

The relative error can be stated as



'

- ot '
B (Tgs1,T,,Ty) = Eh;fg_ﬂz = |3 - 1‘
t
q; q.

2 2
(Tl + TO)(T]. + TQ_) -1

2 2
(1§ + T (Tg + Tg)
Suppose T = 500°R , 0°R < ¢ < 50°R
Tg =T+ ¢
and T=Ty,=<Tg= Ty = T + 50°R
If T, = 500°R
_ | 580125 _ | =
then Err(Tg,TS,TO,Tl) = | 56605 1| = 0.16025
€20
If T, = 550°R
I _ 1580125 _ 4| = 0.
then Err(Tg,ls,To,Tl) ol - 0.12829
€950

The above examples show that the relative error due to the appli-
cation of the Newton forward difference method to the equations of
thermal radiation is quite significant under certain conditions as far
as the energy transmission due to the thermal radiation is concerned.
Fortunately, in practically all numerical evaluations, Newton's forward
difference method can be replaced by using the concept of equivalent-

thermal radiation heat transfer coefficients based on linear temperature

difference, i.e., let

qr = hp(Tg - Ts)
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where

hy = Oeg(T5 + T2) (T4 + T,)

During each step of the calcula?ions, hy is assumed to be constant: It
follows that.when the increment for each step of the calculations be-
comes smaller and smaller, the thermal radiation heat transfer we obtain
approaches close to the true value. This concept of using h,. is already
applied to the finite difference solutions of part 2. A computer sub-
program is designed for this purpose. This is also applied to the
numerical solutions of part 1. A computer subprogram is available for

these calculations.

B. Input Data Approximations

In [3], the normal solar heat flux is given for an hourly basis
for several latitudes in the year of 1967.

Over a finite time interval of solar heating, say, from ty to tp,
fhe total amount of normal solar radiation energy per unit area can be
represented graphically as the shaded area in Figure 4a.

Suppose the normal solar heat flux QON(t) on the finite closed time
intervall[to,tn] can be represented as a continuous function of time.
Then QON(t) is integrable on [ tgstp]s since a continuous function is
integrable over a finite closed interval. Thus the graphical representa-
tion of QON(t) versus t is a continuous curve. The total amount of
normal solar radiation energy per unit area on [tg,ty] can be repre-

; -tn
sented as the integral IQON = rt QON(t)dt. On the course of numerical
0
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evaluation of this integral IQON, we can approximate it by applying
the trapezoidal rule on an hourly basis. This is graphically repre-
sented in Figure 4b and is equivalént to replacing the integrand

QON(t) by QONT(t),

where

I

QONT(t) = QON(t) + (t - t;) QON(t;,;) - QON(t;)]

for

i =1 1,202,004, ,n-1 , ti < b 2 ti+l

However, if the function QONT(t) is combined with some other time-
dependent functions to form the integrand, then this integrand may still

not be convenient to be integrated. We thus further approximate IQON =

I:n QONT(t)dt by an equivalent sum using the left-hand trapezoidal rule,
bgzed on a certain increment AT, which is chosen depending on the re-
quired accuracy and economy of computer time. Graphically, this
approximation is represented in Figure 4c, while in the course of

numerical evaluations, QONT(t) is actually approximated by a step

function QONS(T). Here the closed interval [ty,t,] is divided into

5] G AT ,Tm},
where
m= tﬁa- ©, and AT is chosen suitably so that m is an integer.
T
Eeit
T, - T = AT, 1= 1,2500¢c.05m
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QONS(T) = QONT(T) , when T = T4 for each 'i = 1,24 s syl

QONS(t) QONT(Ti) , when T; < T <74,y for each i=1,2,..... sm-1

Thus over each closed subinterval [Ti_l,Ti], QONS(T) is just a constant
function. When it is combined with some other time-dependent functions,
it will not increase the complexity of the numerical integration on
each closed subinterval.

The step function QONS(T) is evaluated numerically by the method
of linear interpolations and extrapolations: also refer to Figure 4c.
A computer subprogram is designed for this purpose.

The ambient temperature data is approximated in the same way.

C. Numerical Evaluation

In [1,2] the solutions exist in the form of formal integral repre-
sentation. In order to apply the solutions of [1,2] to the part 1 of
our problem, those integrals have to be evaluated. For simplification,
those integrals involved are approximated by their equivalent sums,
based on a suitable increment. The numerical evaluations of those
integrals are taken over by a computer subprogram.

If we solve part 1 of our problem directly by numerical methods

instead of using the solutions of [1,2], then the evaluations of those

formal integrals can be avoided. The mathematical representation of

Part 1 and the original system of governing differential equations are

solved directly by a suitable numerical method.
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D. Inversion of Solution

In [1,2] the solutions are given explicitly for the air temperature
of the room, but for our purpose, they are considered as indirect
solutions, since the actual information we want is the cooling load.

The concept of trial and error is applied. That is, with the other
conditions kept unchanged, only the cooling load is varied. Then, we
will have the air temperature of the room confined within a certain
range of temperature, i.e., from 69°F to 71°F. If the room air temper-
ature variation is bounded between the given allowance, then the
required cooling load is yielded.

When we have a very large building with a comparatively small
window, then the variation of the room air temperature due to the
amount of solar energy coming in from the window may be small in magni-
tude. 1In this case, the inverting of the solutions will be difficult
and accuracy will be lost in the final results.

When part 1 of our problem is solved numerically, the solutions
are given explicitly as the required cooling load. The troublesome

task in inverting the solutions can be avoided.

E. Calculation of Solar Heat Flux

Tabulated in [3] is the normal solar heat flux on an hourly basis.

i
M

In practical calculations, we want to have the hourly solar heat flux

in various directions, for example for a south-facing vertical surface,

a horizontal surface, etc. In order to convert the normal data into

data for various directions, a certain amount of calculations 1is

Tequired.
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The calculations on an hourly basis for solar heat flux for
vertical and horizontal surfaces are simple; refer to [4).

For an inclined surface, however, the procedure is not so obvious.
Again with reference to [4], the converting formulas follow from pro-

jective geometry:

_ [ (tan H)(1 + tan2B)¥ - (tan D)](cos D)
[(l + tanQB)(l + tan%—[)]%

sin H!'

tan B

g BT = [ tan H(1 + tanQB)%'— tan D]sin D + sec D
cos i = cos H' cos B'
where
H = solar altitude above the true horizon,
B = horizontal angle between the direction of the sun's ray
and a normal to the irradiated surface,

D = the angle between a normal to the irradiated surface and

the horizon,

i = the incident angle, the angle between a normal of the
irradiated surface and the sun's ray.

The above formulas are valid if all the angles involved are within the

first quadrant. This follows since, if a vertical surface is irradia-

ted, then the corresponding inclined surfaces are also irradiated.

However, the converse is not necessarily true.

In practical calculations, the angle B is in terms of the angle A,

the solar azimuth angle. It follows that the angle B lies not necessarily
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within the first quadrant. In this situation, the angle D will be

meaningful only if we know exactly under what conditions a surface is

irradiated. Here we consider as follows:

A flat surface is either irradiated or not irradiated, but not
both. If a vertical surface is not irradiated, then the corresponding
inclined surface will not be irradiated either, providing that the
actual solar altitude H is less than the inclined angle taken at the
solar azimuth angle (refer to Figure 5); in any other case, the in-
clined surface is irradiated. The reflected and diffused solar energy .
is also taken into consideration by the method given in [2]. All the

details of the calculations are performed numerically, and a computer

~ subprogram is designed for this purpose.

F. Determination of the Film Coefficients )

For a smooth surface exposed to moving air, we use the formulas
given in [1] to determine the film coefficients, namely,

h=0.99 + 0.21v , for v < 16 ft/sec

h = 0.5(v)0‘78 s for v =16 ft/sec

Thus for v = 15 ft/sec, we have h = 4.

1.

For very slow moving air, we have h

For the surface adjacent to the airspace, the film coefficients

are calculated by using the thermal resistance of the airspace.

=

HIN

where r is the thermal resistance of the airspace.



This surface is not
irradiated QON(t)

This surface is
irradiated

Figure 5. Surface Irradiation.
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Given in [ 4], the thermal resistance for a quarter-inch airspace is

r = 0.7107. Thus the equivalent film coefficient is

h=_2
0.7107

However, the effect of thermal radiation heat transfer should be ex-
tracted, i.e., the equivalent thermal radiation transfer coefficient
should be subtracted from this value. It follows that the convective
heat transfer coefficient for the surface adjacent to the airspace has

an approximate value of 2.



CHAPTER IV
DISCUSSION OF THE THEORETICAL ERROR ANALYSIS

In Chapter II, we use the finite difference method to solve part 2
and the Runge-Kutta method to solve part 1 of our problem. In this
chapter we would like to discuss the finite difference approximation
for parabolic partial differential equations and an error estimation for
the fourth-order Runge-Kutta method. Also, lag time effect is dis-

cussed because this concept is used in solving the example problem.

A. Finite Difference Approximation

Consider a simple case of a function f of one independent variable
x; if f is defined on the hg-neighborhood of x5, then the difference
quotient of f at x, 1is

Af f(xo + ho) - f(xo)

Ax X! = (x, + hy) - xg ?

provided that this difference quotient exists.
If the 1imit of this difference quotient at xo exists, or
£(xo + hg) - £(xo)

linhf = lim—
hosoAx(xo) hog3~ hg :

then this 1imit is said to be the derivative of f at Xo-

The essential idea of the finite difference approximation is to replace

the derivative of a function by its difference quotient. In order to

study the deviation of the difference quotient from its corresponding

derivatives, we need a more careful and profound consideration. In
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general, the theory of infinite series and Taylor-series expansions
should be taken into consideration.

Suppose f is defined in a hg-neighborhood of x, and has a Taylor-
series expansion, i.e., f together with its Taylor-series representation
are defined on the set

Nho(xo) = {x: lx - Xo| < ho}.

Suppose 0 < Ax <h, h< hy, and let f(n)(xi) denote the nth deri-
vative of 'f at x;. Then the Taylor-series expansion of f about x; is
n

f(x) = f(x; + ax) = ; ﬁ%z'c_l_ £(n) (%)

1
n=o

Let
AXx = h , then
2 () e(n)
f(xg + n) = 2 0L s(n)(x,)
n=o
Let
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From the above expansion, the approximation formula of order h is

yielded. For the first derivatives, we have

. 1 12 @)™ (o)
f'(x;) = Eﬁ[f(xi + h) - f(xgy - h)] - o Zl (Zn + 1) (x3)
n= :

A [0 + h) - 20 - 0] + 0(n?)

ﬁ% [£(x; + h) - £f(x; - h)] + Err

It is clear that for h sufficiently small and n > 2, the terms of
0(h") are small in magnitude if compared with the term of 0(h2).

Therefore the error term can be considered as proportional to h? and

f(3)(xi) in magnitude.

For the second derivative, we have

" (-

i) = % [£f(x; + h) - 2f (x5) + f(x; - h)] T2

!

o =
N

N

[f(xi + h) - 2f(xi) + f(xi - h)] + 0(h

I
5=

[f(xi + h) - 2f(xi) + f(xi - h)] + Err

The error term is proportional to h2 and f(4)(xi) in magnitude. Also

the approximation formula of order h for the first derivative is

Yielded:
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© +1
£'(xg) = £ [£0x; + h) - £(x;)] - 1 S (2n+ - £(n1) (5. )
= %[f(xi + h) = f(Xl):] + O(h)
= 2 [£(x; + h) - £(x;)] + Erx

The error term is proportional to h and f"(x;).

B. Parabolic Partial Differential Equation
Consider a special case of the parabolic partial differential

equation,

Uxx =

o 3 IS

Yt
defined on a closed interval Lg,b] with
initial condition

u(x,0) = Ug

and boundary conditions of the first kind

u(a,t) = u,

u(b,t) Ub
Then the applications of the finite difference approximation to this

problem yields a straightforward, step by step process to solve for

Let

the solutions.
al derivatives of 2nth order.

Suppose u has continuous parti
ﬁnt denote the nth partial derivative of u with respect to t, and let
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Wi denote the nth partial derivative of u with respect to x. Then

— -1

Yox T Uxx Tt 0 OF

Ug = algy

Vae = U 2 gl = o(u,)o. = aleu, ). = o2u = o2

2t 1t~ @oxt t/xx XX’ xx xxxx ¥ Y4x

_ _ 2 _ 2 _ 2 -

Ugg = Ugtt — @ (uxxxx)t @ (Ut)xxxx o (auxx)xxxx — o Yey

. n
It follows that Unt = o u2hx

This general relation can be proved by mathematical induction.

Extending the finite difference approximation to the partial deriva-

tives, we have

uxx(xi,tj) = ﬁ% [ulx; + h,tj) - 2u(xi,tj) + u(x; - h,tj)]

S 2n+2
= 2h u (x_ t)
i D e +2)x Xi?
5 ) (on 7 21 (20rR)xTAN
U (xgot) = & Dulxgsts + k) - ulxgsty)]
® ontl
-1 K u(ge)e(xaaty)
k =1 (n T l)
Let

A = @K then the original partial differential equation can be

-
h2
reduced to
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ulxssts + k) - ALulx; + hyty) + (}\l - 2) ulxgsty) + u(x;y - hyty)]

o ont2 ATl 22 .
z h - u (x 4t )
n=1 (n+ 1)! (2n+2)1 (%272

Suppose u has continuous partial derivatives of order four, then

Brr < ERR;
where
® 1
ERR= g [(T,) = g [(T,)
=1 =1
X nt1
- 22 A 2\ !
e § [(n + 1) (2nt 2)!]u(2“+2)x(xl’t3)|

2 A _ .axr(6a-1)
lh4[7§ - IEJuxxxxl = |n 12 Usexxx |

SBuppose u has a continuous partial derivative of order six, then we can

let

N = l, so that the first term in the summations (Tl) vanishes.




Then

2

B > £ (1)
=1

= I hT)\ l
XXXXXX

= 6 Al60)2 - 1)
|P [ a0 Pex|

1,5
_ he[ 53 - l)J
| 360 JU6x|

6
:|324o uxxxxxx|

C. Error Estimation for the Fourth-Order Runge-Kutta Method

The following work of an error estimation for the fourth-order
Runge-Kutta method suggested by Kutta is given in [5].

A single-step method can be written in the form

Y1 = ¥, T he (x 5y, 3h)

Y(xne1 ) = v(xy) + hé( xpv(xy)5h) - r(x,,h)

where

r(xn,h) denotes the local truncation error.

Let

®n = Yn - y(xn) be the error at the nth step. Then

G:rH-l =€n % h[¢ (xnayn;h) - ¢(xn’y(xn);h)] & r(xn,h)
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or

+
1l p ntl T 'n+l
where

(€ o)ty = €+ BB (x5y,3h) - B(x,y(x ) 5h)]

derotes the propagation error, and

(eT)n+1 = r(xn,h)

denotes the truncation error.
Suppose iafjﬁﬁlg-l < K
oy
For the fourth-order Runge-Kutta Method suggested by Kutta, we have

4
8(x,y5h) = 5 ok (x,y)
s=1

kl(X9Y) = f(x,y)

kg(x5y) = £(x +p ghyy + Aghkg_) (s>1),
i 4 = 4+ = =31
oy 20, 20g Ty >
Bigs =y = 4 Ao = Aq = BA4= %
ko = Wp3 = 2Hg — 2 2 3 2Mhq

After applying the mean value theorem many times, we have

®(x,ysh) -8 (x,y3h) < Koy +a,(1+ A PK) + 4(1 + aghK(1 + AohK))

+a51+Mmu+x@M1+bmnnly—ﬂl

= K(1 + ik + 2n%P+ 50 |y l

38
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Let

X=X

ns Y=Yy Y=7vy(x,) 3 then, we have

(ep)n+l =len * h{¢(xn’yn5h) B (Xn’Y(Xn);h_)}l

2 3
<;(1 + nk + (BK) 4 (hK)
. 24! Sy

=l

ol

For the local truncation error, we assume

m m
| 2iql=s g ©@=ms4)
X 0y N

Lotkin [ 6] derived the truncation error bound

r(x,,h) = ph® + 0(n0) ,

Ip | ‘: E_NM4

720
where
m
max = K )
| kgl ~ Tk
1
k-1 _ m_
max N Kmk =L, max Lm M
O<k<m lem< 4
Let
lphd + 0(n%)| = Th°
then

|z(x,,h)| < Th°
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Let

2 3 4
1+ hK + (hK) + (hK) 4 (hK) = 1+ hp
2! 3! 4!
It follows that
1+ hP)e |+ ThO
Iemi|s( N%I
§ince
em1 = (el + (o)

hi

€E =0, p>0, then

4
¢ = Ig- [(1+ hp)™ - 1]

A computer program for calculating the error bound for given h, P and

—

S js available. Some results are listed in Figure 6.

= -2
h

D. Lag Time Effect

The method for calculations of the lag time effect is given by
Dr. Edward Lumsdaine, and may be stated as follows:

Assume the specific heat capacity of the structure and film
coefficient for the surface of the structure adjacent to the room air

are uniform throughout, then the governing differential equation for the

lag time effect is

dT. ST
pCpr_a% = qq(t)A; - hyhs(T, T,)
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Fourth-Order Runge-Kutta
Method.

41

1.0

1

~

0.303x10°
0.451

0.142x10°
3

0.162x10

0.139x10%



42

The solution is

Tw(t) - T =

qy () = hpA [T (t) - T,]

I

hoA hoA t hoA
22Alexp<— 22)-] qd('t)exp< 272 )dt

AN CyV pCyV

q, (t)
Pp'w o p'w

This last equation is subject to numerical integration, and a computer

subprogram is available for performing this task.

E. Example Problem

To provide an example for the direct application of our method, we
compare with an example problem of cooling load calculations given on

page 504 of [3] by using our method.
A building 80 feet deep, 50 feet wide and 10 feet high is located

at 40 degree north latitude, with the following data:

Section Net Area U-Value Thickness
Roof ' 4000 0.12 4
South wall 405 0.39 | 12
East wall 765 0.48 8
North exposed walls 170 0.48 8
West and North party wall 1065 0.25 i3
Door in North wall 35 0.59 1.7
Door in East wall 35 0.59 1.7
35 0.59 i 1.7

Door in South wall




m". R

For each window, based on a unit area:

pg = 160 pg = 0.071 pp= 75 p, = 0.071
Cpg = 0-186 Cpp = 0.24 Cpp = 0-35 Cpx = 0.24
Vg = 0.021 Vs = 0.083 Vo= 0.021 V= 40000
Ay=1

Aa = Ab = Ac = Ad = Ang = Anp
€ g = 0.92 epp = 0.92

Top = 0.04 Ty = 0.7

SUMA = 0.78 SUMB = 0.15

SUMC =0 , 1if all energy is absorbed by the

room air,

: or SUMC =1 , if no energy is absorbed by the
room air.

The air temperature of the room is kept constant at 535°R for this

example problem. These dataare directly input into the computer pro-

gram, and the results are given in Figures 7 and 8.

43
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Time TS Roof S. wall E. wall N, wall N, &W,

exposed party wall
6 533 385 -2 -1 =1 =5
7/ 536 4100 - =5 203 6 =7
8 540 10939 1 1192 43 1
9 543 18914 13 2876 118 2
10 547 25984 58 4727 219 9
11 551 31891 158 6302 350 31
12 554 36027 328 7354 503 76
13 554 37861 569 7813 668 150
14 554 36962 870 7887 825 256
b5 554 33913 1207 7795 958 388
16 554 39177 1546 7624 1058 540
L7 554 22787 1856 7405 1128 704
18 554 16007 2110 7132 1172 870
N. door E. door S. door S. glass N, glass Total
-1 26 1 -19 =6 348
0 209 22 91 59 4677
11 436 85 361 129 13199
29 585 185 658 198 23576
54 641 304 965 280 33241
82 618 422 1238 361 41453
114 531 523 1434 42% 47818
140 455 581 1515 460 50212
156 409 590 1480 468 49903
165 377 555 1381 475 47214
173 351 488 1240 474 42671
174 325 408 1117 477 36382
176 293 336 1038 455 29591

Figure 7. Results for the Example Problem

in Btu/Hr.
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Time TS Roof S. wall E. wall N. wall N. & W.
exposed party wall
6 533 397 0 4 0 2
7 536 4116 1 212 8 4
8 540 10945 . 3 1195 44 5
9 543 18921 17 2881 116 8
10 547 25990 62 4733 220 17
11 551 31900 163 6310 352 41
12 554 36033 333 7362 505 86
13 554 37861 574 7820 669 158
14 554 36958 874 7892 826 262
15 554 33912 1210 7799 959 393
16 554 29187 1549 7629 1060 546
17 554 22798 1858 7409 1129 710
18 554 16025 2112 7136 1173 876
N. door E. door S. door S. glass N. glass Total
-1 26 1 21 gjll 482
0 209 22 197 100 4868
11 436 © 86 462 166 153852
30 586 186 757 238 23738
54 642 305 1050 318 33390
83 618 423 1297 393 41578
114 532 524 1460 449 47397
140 455 581 1508 475 50241
156 410 590 1458 479 49904
165 378 555 1357 482 47211
171 352 489 1225 484 42692
174 325 409 1121 484 36416
176 293 337 1055 463 29647

Results for the Example Problem:
Solutions by Numerical Method

in Btu/Hr.

Figure 8.



Figure 9.

Component

Roof

S. wall

E. wall

N. exposed wall

N. & W. party wall
Door N. E.

Door S.

S. glass

N. glass

Total

46

Btu/Hr

30840
3060
8000

910
3680
780
920
3480
900

52570

Results for the Example Problem.

Taken from Reference [3] at

4:00 P.M.



CHAPTER V
CONCLUSIONS

The cooling loadléiven in %able 4, page 472 of [3] is compared with
Tables III and IV in the Appendix of this thesis. The cooling loads
given in [ 3] are all positive in value; while, seen from Tables III and
IV of this thesis, some of the cooling loads are negative in the winter
time and when the sun cannot reach the surface. Otherwise the results
are close. This is due to the fact that in our analysis, the influence
of transient ambient temperature is taken into consideration. The com-
parison between Tables 9-11 to 9-14 of [ 4] and Tables V to VIII in the
Appendix of this thesis shows the same tendency.

Figure 9 is a retabulation of Table 36, page 506 of [ 3], a summary
of calculations for the example problem based on the designated hour
4:00 P.M., and has a subtotal cooling load of 52570 (Btu/Hr). Figures
7 and 8 in this thesis are the results for the same example problem
given in [ 3] using the present analysis. As seen from Figures 7 and 8,
the maximum cooling loads occur at 1:00 P.M. and are about 96 per cent
of 52570. At 4:00 P.M. the cooling loads are about 81 éer cent of 2570.

To generate the results for the cooling load of a building, e.g.
results in Figure 8, only 1 minute and 48 seconds were consumed on the
IBM-360-40 computer, at a cost of approximately $2.00.

Complete calculations are given in the Appendix for heat gain

through single and double glass for 40° North Latitude.
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A. Constants and Data
Constants for generating the tables of heat gain are: A building
of 20 feet deep, 20 feet wide and 10 feet high, with window on each

surface of the walls.

For each window on a unit area basis:

Pg = 160 Pg = 0.071 Pp = 160 py = 0.071
C__ = 0.186 C .=0.24 = 0.186 = 0.24

P9 pf “op Cpx

Vg = 0.021 Ve = 0.083 Vp = 0.021 V, = 4000

A =1

a

Ag = Ap = Ag = Ag = Ang = Anp
€ = 0.92 € = C.92

jofe} pp

Iy = 0.04 Ty = 0.04

SUMA = 0.78 SUMB = 0.78

SUMC all energy is absorbed by the room air.

]
o
-

For a single barrier, data for the air space and inner solid is not
needed. For generating the tables to compare with tha£ from Hutchinson's
book, only the south facing window is taken into consideration.

The normal sclar heat flux for Tables I to IV is taken from [3].

" The normal solar heat flux for Tables V to VII is taken from [4].



The ambient temperature data is taken from weather stations for

the year of 1967, for the following locations:

Houston, Texas 29039'
Dallas, Texas 32051'
Tulsa, Oklahoma 36012'
Omaha, Nebraska 41018'
Brookings, South Dakota 44019'
Fargo, North Dakota 46541

SYMBOLS FOR TABLES

Symbol Meaning

QDN Direct normal solar heat flux
TS Ambient temperature

S South facing

E East facing

N North facing

W West facing

Hor - Horizontal facing

i - Incident angle
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TABLE I -1

HEAT GAIN FOR 40 DEGREE NORTH LATITUDE (DOUBLE BARRIER)

Date Time - QDN TS S E N W Hor
A.M.
Jan 8 141 481 40 57 -25 -25 -4
9 238 483 94 78 -24 -24 p7
10 274 485 131 59 -20 =20 56
11 289 487 152 21 -16 -16 Vi)
12 293 489 158 -13 -14 =3 80
13 289 501 155 -8 -8 48 77
14 274 502 131 -9 -9 83 58
15 238 503 87 -13 -13 88 27
16 141 502 24 -19 -19 54 -11
One day's total 972 153 -148 185 383
Feb 7 55 481 -4 37 -28 -28 -16
8 219 482 ) 99 -26 -26 19
9 271 483 94 101 -21 -21 58
10 293 486 126 72 -16 -16 89
11 303 488 146 30 -11 -11 108
12 306 501 158 -2 -4 9 119
13 303 503 151 -2 -2 61 138
14 293 505 130 -3 -4 102 92
15 271 506 94 -5 -7 1% 60
16 219 505 45 -13 -12 93 -18
17 55 504 -13 -19 -19 2 L17
One day's total 978 285 -150 284 643
Mar 7 171 496 13 102 -14 . -14 d ]
8 250 497 51 134 -11 -11 60
9 281 499 88 124 -5 =5 100
10 297 503 118 93 1 1 131
11 304 506 136 48 5 5 1859
12 306 510 143 10 9 211 159
13 304 513 136 10 10 74 151
14 297 515 117 9 9 118 131
87 6 6 145 98
15 281 516 N i
16 250 516 48 1 1 s "
17 171 514 5 =7 =7
942 530 4 573 1065

One day's total



TABLE I - 2

HEAT GAIN FOR 40 DEGREE NORTH LATITUDE (DOUBLE BARRIER)

Date Time
A.M.

Apr 6

-
8
9
10
11
12
13
14
16
16
17
18

One day's total

May

One day's total

QDN

89
207
253
275
286
292
294
292
286
275
253
207

89

143
216
249
267
277
282
284
282
277
267
249
216
143

TS

508
510

512

514
516
519
522
524
524
525
524
524
523

507
510
514
518
521
523
524
526
526
527
527
527
527
526
525

S

=
5
38
71
95
112
118
111
93
67
35

-4
739

-13

25
54
76
90
94
88
72
49
25
13

-5

573

E

66
134
148
134
102

60

22

22

21

18

13

4

741

012)
140
149
134
104

63

29

28

26

23

18

13

-4

831

N

158

=7
18
7
13
20
24
27
28
27
26
23

22"

30
23
-3

288

w

-9
-3
S
Lk
15
39
34
83
124
133
158
124
42

796

413
=5

18
20
24
27
39
84
1:22.
148
15
138
75
-2

832

58

Hor

53
9
136
166
183
9
182
161
130
89
45

1445

=7
24
73
118
154
182
197
203
195
176
147
108
65
23
-4

1657
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TABLE I - 3

HEAT GAIN FOR 40 DEGREE NORTH LATITUDE (DOUBLE BARRIER)

Date Time QDN TS S E N W Hor
A.M.

June 5 21 522 =2 29 9 -2 6
6 154 523 6 111 36 6 44

7 215 526 ) 15 147 3¢ 15 90

8 246 529 28 154 25 24 182

9 262 531 53 140 30 28 166

10 272 533 75 111 34 83 194

11 276 535 87 72 38 36 209

12 278 536 91 38 38 49 214

13 276 537 85 38 39 91 206

14 272 538 71 36 36 129 188

15 262 538 51 32 88 1355 159

16 246 538 29 29 39 164 125

17 215 538 24 23 48 148 8l

18 154 537 14 14 41 93 39

19 21 535 5 ) 10 14 6

One day's total 632 979 485 983 1859
July 5 2 521 -3 18 3 -3 2
6 137 525 7 103 30 7 40

7 208 529 20 147 30 18 86

8 241 533 36 IGi74 26 26 128

9 259 526 65 145 32 33 165

10 269 538 86 116 36 38 192

11 274 540 100 77 40 41 210

12 276 542 105 44 43 54 213

183 274 543 99 42 43 . 98 207

14 269 544 84 40 41 134 189

15 259 544 61 38 38 158 161

18 137 542 17 17 36 86 37

19 2 541 9 9 9 L 9

751 1014 489 1016 1842

One day's total



S0

TABLE I - 4

HEAT GAIN FOR 40 DECREE NORTH LATITUDE (DOUBLE BARRIER)

Date Time QDN TS S E N W Hor
A.M.
Aug 6 80 521 1 69 . il 18
7 191 524 16 136 10 10 63
8 236 528 .49 153 20 20 108
9 259 531 8l 143 26 26 147
10 271 535 106 115 33 33 176
11 277 539 123 76 38 38 198
12 279 543 130 42 41 52 201
13 277 542 122 40 40 98 195
14 271 543 103 37 37 135 174
15 259 542 77 34 34 161 142
16 236 542 46 29 29 164 104
17 191 542 22 21 24 130 60
18 180 542 12 12 23 50 18
One day's total 888 907 362 918 1604
Sep 7 149 515 23 103 -1 -1 29
8 230 518 63 140 5 5 73
9 263 521 100 134 13 13 113
10 279 524 129 105 17 17 144
11 287 526 146 61 22 o 162
12 290 529 151 25 24 36 168
13 287 531 145 25 26 85 160
14 279 532 125 24 24 L2 139
15 263 533 97 2 20 151 107
16 230 533 59 16 15 = 68
17 149 532 18 7 7 100 2

One day's total 1056 637 172 699 1185



TABLE

I-5

HEAT GAIN FOR 40 DEGREE NORTH LATITUDE (DOUBLE BARRIER)

Date Time
A.M.

Oct 7
8
9

10
11
12
13
14
15
16
17

One day's total

Nov 8
9
10
11
12
13
14
15
16

One day's total

Dec 8
9
10
11
12
13
14
15
16

One day's total

QDN

48
203
257
280
290
293
290
280
257
203

48

136
232
267
283
287
283
267
232
136

88
217
261
279
284
279
261
217

88

TS

506
508
511
514
517
519
521
521
521
520
519

495
496
498
501
504
507
508
508
507

485
486
487
489
492
494
496
496
495

S

9
64
109

1142

161
165
158
137
101

52

-1

1097

46

100-

137
158
164
157
131

87

25

1005

26
90
130
151
158
148
122
72

892

E

38
110

116
92
50
13
1%
11

-8
441

63
85
67
30

=0)
=4

-15
213

32
67
53
19
-13
-14
-15
-19
-26

84

N

-25
-24
-20
-16
-14
-14
115
-19
-26

-173

w

-13
-7

24
2
151
128
9
10

440

-17
=S
(0

-8

53
86
o
55

243

-25
=24
-20
-16

39
69
65
12

96

56

Hoxr

<7/
i/
108
124
138
124
102
70
Y. °
=5

800

36
65
83
89
82
61
30

442

-12
17
44
61
67
0
40
10

-22

264



517/

TABLE 1II -1
HEAT GAIN FOR 40 DEGREE NORTH LATITUDE (DOUBLE BARRIER)

SOLUTIONS BY NUMERICAL METHOD

Date Time QDN TS S E N W Hor
A.M.
Jan 8 141 481 52 63 -26 t36 2
9 238 483 103 76 -24 Py 33
10 274 485 136 52 -19 -19 60
11 289 487 154 12 -16 =il6 75
12 293 489 159 -12 -13 8 80
13 289 501 152 -8 -8 57 75
14 274 502 124 =9 = 87 52
15 238 503 75 -13 -13 82 20
16 141 502 11 -20 -20 47 -15
One day's total 266 141 -148 196 382
8 48 -28 #as =0
i I % %o 60 102 225 -25 27
9 271 483 102 96 -20 -20 65
10 293 486 131 & 5 54 =
12 306 501 158 ) > 20 8
13 303 503 148 -2 -2 Y 109
14 293 505 123 -3 -3 108 86
15 271 506 86 =7 N 121 2
16 219 505 31 -14 -14 b 10
17 55 504 -18 -20 =5 " i
One day's total 979 = B S
) B i3 27
Mar 7 171 4% 2! 1 i Al
8 250 497 o . -t 5 196
11 04 506 138 38 A S
510 142 10 9
12 306 10 10 84 148
13 304 513 133 9 9 125 125
14 297 515 112 5 5 147 90
15 281 516 g0 -0 0 133 47
16 250 516 40 0 _g 90 1
17 171 514 -2
940 511 7 593 1064

One day's total



HEAT GAIN FOR 40 DEGREE NORTH LATITUDE (DOUBLE BARRIER)

Date Time QDN

6 89
7 207
8 253
© 275
10 286
17 292
12 294
13 292
14 286
15 275
16 253
L7 207
18 89

One day's total

May 5 1
6 143
7 216
8 249
9 267

10 277
11 282
12 284
13 282
14 277
15 267
16 249
17 216
18 143
19 1

One day's total

TABLE

IT - 2

SOLUTIONS BY NUMERICAL METHOD

TS

508
510
512
514
516
519
522
524
524
525
524
524
523

507
510
514
518
521
523
524
526
526
527
527
527
527
526
525

S

=
12
46
76
100
113
117
108
88
61
28

=]
743
=1
=
10
32
60
80
92
94
85
68
43

22
11

-4

581

E

83
199
147
329

94

50

24

23

21

17

12

739

28
107
143
147
129

4

59

20

28

26

22

18

11

-4

838

-2

12
17
21
23
28
2.
1%
12

167

18
16
15
20l
25
28
29
28
26
22
24
31
17
-4

296

-3

1s2
14

2105

45
93
181
156
154
107
25

760

il
=3

15
21
25
28
50
93
129
152
1,55
128
56
-3

842

58

Hoxr

18
63
10%
143
169
185
189
178
155
123
81
36

1445

-1
a7
84
126
161
185
199
201
191
170
138
100
57
16
-4

660



S0

TABLE Ik - 8
HEAT GAIN FOR 40 DEGREE NORTH LATITUDE (DOUBLE BARRIER)

SOLUTIONS BY NUMERICAL METHOD

Date " Time QDN TS S E N W Hoxr
A.M.
June 5 21 522 0] 48 gt 0] 14
6 154 523 9 120 8% ¢ 54
7 215 526 18 150 32 18 99
8 246 529 34 152 26 25 139
9 262 531 58 134 31 31 172
10 272 533 78 103 85 35 196
11 276 535 89 64 38 38 210
12 278 536 91 39 38 58 212
13 276 537 83 38 38 100 202
14 272 538 67 36 36 1385 182
15 262 538 45 33 34 157 152
16 246 538. 28 28 39 161 115
17 215 538 22 22 48 138 7/ &5
18 154 537 12 12 34 74 o
19 21 535 4 4 6 7/ 4
One day's total 638 983 489 983 1653
521 -1 37 10 -1 9
e Z 133 525 - 10 115 31 10 49
7 208 529 22 151 29 20 95
8 241 533 43 155 28 o8 187
9 259 526 70 139 34 34 172
10 269 538 90 108 38 38 196
11 274 540 102 68 42 @ 42 210
k) 274 543 97 43 43 106 203
14 269 544 80 41 41 141 182
17 208 543 25 5 45 137 70
15 15 30 67 30
18 137 542 5 9 i g
19 2 541 9
757 1018 499 1021 1841

One day's total



TABLE 1II - 4
HEAT GAIN FOR 40 DEGREE NORTH LATITUDE (DOUBLE BARRIER)

SOLUTIONS BY NUMERICAL METHOD

Date Time QDN TS S E N W
A.M.

Aug 6 80 521 3 85 8 3
7 191 524 23 142 13 N2

8 236 528 56 152 21 20

9 259 531 87 138 28 28

10 271 535 111 107 34 34

11 277 539 125 67 38 38

12 279 542 128 41 41 61

1.3 277 543 119 40 40 106

14 271 542 99 3 37 141

15 259 542 72 33 83 162

16 236 542 42 24, 27 159

17 191 542 20 20 24 114

18 80 542 12 12 24 37

One day's total 897 901 368 916
Sep 7 149 515 32 112 1 !
8 230 518 72 140 8 8

9 263 521 107 129 15 15

10 279 524 - 133 97 20 20

11 287 526 148 53 23 23

12 290 529 151 26 25 47

3 287 531 142 26 26 95

14 279 532 120 24 24 1138

15 263 533 89 20 20 152

16 230 533 51 14 14 - 3%

17 149 532 11 6 6 89

1056 647 182 718

One day's total

60

Hor

21
7S
18l
154
181
198
201
190
167
135
%2
50
14

1602

38
82
152
148
164
168
1)
134
100
58
14

1184



TABLE II -5
HEAT GAIN FOR 40 DEGREE NORTH LATITUDE (DOUBLE BARRIER)

SOLUTIONS BY NUMERICAL METHOD

Date Time QDN TS S E N w
A.M.

Oct 7 48 506 21 56 -11 -11
8 203 508 75 115 -5 -5

9 257 511 117 113 2 2

10 280 514 147 83 7 7/

11 290 517 163 41 L0 1"

12 293 519 166 13 13 34

13 290 521 155 1¥3 13 82

14 280 521 130 10 10 116

15 257 521 92 5} 5 126

16 203 520 39 -2 -2 80

17 48 519 -6 -9 -9 0

One day's total 1099 438 34 442
Nov 8 136 495 58 70 =17 -17
9 232 496 109 83 -14 -14

10 267 498 143 61 -9 -9

11 283 501 161 22 -5 -5

12 287 504 165 -3 -3 17

13 283 507 153 -2 2 61

14 267 508 125 -5 -5 90

15 232 508 76 -9 -9 84

16 136 507 13 -16 -16 48

One day's total 1003 201 -80 . 259
Dec 8 88 485 40 42 -25 -25
9 217 486 100 66 -24 =24

10 261 487 135 47 -20 -20

11 279 489 154 10 -16 -16

12 284 492 157 -14 -14 5

13 279 494 144 -14 -14 i

14 261 496 114 -16 -16 72

15 217 496 57 -2l -21 o5

16 88 495 -14 -27 =27 0

887 73 =177 94

One day's total

61

Hor

46
84
IS
129
131
1521
97
62
21l
35

802

18
43
69
85
89
7
56
28
L

444
-6
23
48
63

56
35

=25

263



62

TABLE 1III -1
HEAT GAIN FOR 40 DEGREE NORTH LATITUDE (SINGLE BARRIER)

Date Time QDN TS S E N W Hor
A.M.

Jan 8 141 481 36 50 =57 =57 -23
9 238 483 105 7 -46 -46 22

10 274 485 145 44 -39 -39 515)

11 289 587 166 -2 =34 -34 74

12 293 589 189 -12 -12 12 94

1e3 289 501 169 -18 -18 59 TAS)

14 274 502 134 =21 =21 93 50

15 238 503 73 -29 -29 83 9

16 141 502 -3 -38 -38 39 =82

One day's total 1014 45 -294 98 e
Feb 7 55 481 -18 29 -61 -61 -38
8 219 482 53 102 -49 -49 14

9 271 483 105 97 -39 -39 62

10 293 486 139 59 -33 -33 95

11 303 488 180 28 -8 -8 135

12 306 501 179 = -9 157 134

13 303 503 165 -10 -10 76 120

14 293 505 136 -13 -13 119 92

15 271 506 88 -20 -20 133 48

16 219 505 - 23 -29 -29 74 -2

17 55 504 -34 =37 =37 -25 -49

One day's total 1015 197 -308 202 (Gh e
8 250 497 59 145 -23 -23 Tl

9 281 499 105 131 -1 -1 12

10 297 503 138 92 -3 -3 156

11 304 506 160 40 4 4 178

12 306 510 164 8 8 36 182

13 304 LS 153 8 8 97 170

14 297 B)IE5) 126 6 6 143 141

15 281 516 87 0 0 167 99

16 250 516 36 -10 -10 146 44

17 171 514 -14 =21 =21 94 Ll

One day's total 1021 515 -76 616 1165



TABLE IITT £ 2

HEAT GAIN FOR 40 DEGREE NORTH LATITUDE (SINGLE BARRIER)

Date Time
A

=3

Apr 6

-
8
9
10
11
12
13
14
15
16
17
18

One day's total

May

One day's total

QDN

89
207
253
275
286
292
294
292
286
275
253
207

89

143
216
249
267
277
282
284
282
277
267
249
216
143

TS

508
510
512
514
516
519
522
524
524
525
524
524
523

507
510
514
518
521
523
524
526
526
527
527
527
527
526
525

S

-19
9
50
87
117
135
138
124
102
66
29

-11
828
-25

12
39
71
94
109
109
99
78
48
23

-2

649

E

89
159
168
147
109

99

28

24

23

16

10

-0
822

24
124
169
173
151
112

64

32

33

29

25

19

-2

953

N

14
-6
4
1l
19
25
28
24
23
16
10
)
4

149

=i
19
18
18
25
28
33
32
33
29
25

27

33
15

315

w

-20
-6
4

1
dl

19
25
54
108
154
449
177
120
22

847

-24

18
25
28
33
ST
130
1594
L7
180
146
59

283

63

Hor

11
69
L2
165
139
219
222
207
181
139
1
36

1653

=12
42
99
149
190
217
235
235
224
1.8
160
1 L5
62
14

1948



TABLE III

-3

HEAT GAIN FOR 40 DEGREE NORTH LATITUDE (SINGLE BARRIER)

Date Time
A

=3

June 5
6
=
8
9

10

11

12

13

14

15

16

17

18

19

One day's total

July

One day's total

QDN

21
154
215
246
262
272
276
278
276
272
262
246
215
154

21

137
208
241
259
269
274
276
274
269
259
241
208
137

TS

522
523
526
529
531
533
535
536
537
538
538
538
538
537
535

521
525
529
533
526
538
540
542
543
544
544
544
543
542
541

S

-4
12
25
a4
74
98

110

111

103
82
55
36
27
13

824

-4
15
33
58
89

114

129

130

121
99
70
a4
32
21
13

964

E

55
144
180
182
162
126

78

50

50

46

42

36

27

L]

2

1193

43
140
185
190
169
133

87

58

58

54

49

41

32

21

13

1273

N

17
45
40
34
40
46
48
50
50
46
42
49
58
37

4

606

10
40
41
40
47
53
57
58
58

54

49
50
56
37
13

651

W

4
»
25
33
40
46
48
74

124

163

188

192

163
83

1273

15
30
40
47
58
57
82
188
173
197
197
162
78
13

1273

64

Hor

13

66
121
168
207
236
251
258
242
2%/,
181
13%

85

88

2228

63
120
170
209
238
256
257
245
2109
183
136

84

36

3

2238



TABLE 1III - 4

HEAT GAIN FOR 40 DEGREE NORTH LATITUDE (SINGLE BARRIER)

Date Time QDN TS S E N W Hor
A.M.

Aug 6 80 521 0 100 6 0 30
7 191 524 31 170 18 18 o

8 236 528 A 183 19 19 144

9 259 53l 110 169 41 e ) 190

10 271 535 141 135 50 50 224

1.8 277 539 157 87 56 56 243

12 279 542 158 55 55 81 243

13 277 543 143 50 50 130 227

14 271 542 120 48 48 172 200

15 259 542 89 43 43 196 162

16 236 542 53 37 37 19¢ 'S

17 191 542 28 28 39 W35 62

18 80 542 18 18 38 45 20

One day's total 1119 1123 489 1185 1958
Sep 7 149 515 32 129 -6 %, 40
8 230 518 84 164 8 8 97

9 263 521 128 152 18 18 144

10 279 524 158 114 24 24 176

11 287 526 178 64 3l 30 1:9¢

12 290 529 © 181 33 33 60 201

13 287 531 168 32 32 116 187

14 279 532 143 30 30 160 159

15 263 533 105 25 25 180 118

16 230 533 57 15 15 L5 66

17 . 149 532 11 6 6 102 44

1245 764 216 832 1399

One day's total



TABLE

I1IT - 5

HEAT GAIN FOR 40 DEGREE NORTH LATITUDE (SINGLE BARRIER)

Date Time
A .M.

Oct 7
8
9

10
11
12
13
14
15
16
17

One day's total
Nov 8

10
1T
12
13
14
15
16

One day's total

Dec 8
9
10
11
12
13
14
15
16

One day's total

QDN

48
203
257
280
290
293
290
280
257
203

48

136
232
267
283
287
283
267
232
136

88
217
261
279
284
279
261
217

88

TS

506
508
511
514
517
519
521
521
521
520
519

495
496
498
501
504
507
508
508
507

485
486
487
489
492
494
496
496
495

S

13

84
136
172
190
194
179
148
101

38
-15

1240

o1
118
159
183
188
171
136

76

1084

24
101
144
168
172
157
119

49
-34

900

E

56
130
129

96

44

14

1
4

7
0
-9
-17

461

65
86
61
18

-11
-15
-23
=31

142

26
61
39
-2
-29
-28
-33
-41
-48

-55

N

-26
=1
=
7
11
14
11
7
0]
=9
-17

-14

-39
-28
-20
-13
-10
-11
-15
-23
-31

-190

o)

-45
-38
-32
-29
-28
-33
-41
-48

-349

W

-26
-11
-1
7
L
40
93
18E
142
85
-8

465

-39
-28
-20
-13
15
65
96
86
43

205

-55
-45
-38
-32
-6
44
71
47
-1

-31

66

Hor

50
97
1182
150
158
138
109
66
17
=157

890

-6
39
73
94
@
85
56
L5
-26

429

-3
10
42
62
65
54
26

BT

A5

167



TABLE VI -1

HEAT GAIN FOR 40 DEGREE NORTH LATITUDE (SINGLE BARRIER)

Date Time

Jan 8

10
11
12
13
14
15
16

One day's total

Feb 7
8
9

10
11
12
13
14
15
16
17

One day's total

Mar 7
8
9

10
11
12
13
14
15
16
17

One day's total

SOLUTIONS BY NUMERICAL METHOD

QDN

141
238
274
289
293
289
274
238
141

55
219
271
293
303
306
303
293
271
219

55

171
250
281
297
304
306
304
297
281
250
171

TS

481
483
485
487
489
501
502
503
502

481
482
483
486
488
501
503
505
506
505
504

496
497
499
503
506
510
513
515
516
516
514

S

38
103
143
164
173
166
132

74

-2

956

-16

53
102
137
162
174
162
134

89

23
-33

987

57
101
134
154
159
149
124

86

39
-11

1000

E

51
70
41
-6
-29
=21
-23
-28
-36

38

3l
101
93
56

-14
-13
-14
-19
-28
-36

207
117

144
126

491

=S¥
-47
=41
=8y
-29
=2l
-23
-28
=36

319

-60
-50
-42
-36
-25
-14
-13
-14
-19
-28

337,

-57
-47
-41
=8l
-4
57
92
84
41

88

-60
=0
-42
-36
=25

14

78
118
132

74
=25

67

Hoxr

-23
21
33
7l
80
76
49
10

Sl

307

=37
e
o8
©
- 1508
129
117
90
49
Sl
-35

580

85
69
g o)
k)l
i72
178
167
140
99
47

1146



TABLE:™ ¥I -2

HEAT GAIN FOR 40 DEGREE NORTH LATITUDE (SINGLE BARRIER)

Date

>
. '—J.
.ZB

Apr

One day's total

May

One day's total

QDN

89
207
253
275
286
292
294
292
286
275
253
207

89

143
216
249
267
277
282
284
282
277
267
249
216
143

TS

508
510
512
514
516
519
522
524
524
525
524
524
523

507
510
514
518
521
523
524
526
9526
527
527
527
527
526
525

S

-19
7
48
85
113
130
135
124
101
68
30

772

-25
-10

34
68
92
106
109
98
78
48
24
11

-7

633

SOLUTIONS BY NUMERICAL METHOD

E

90
157
162
144
104

54

24

24

29

18

11

659

24
120
164
168
148
110

61

32

3l

29

25

19

11

=7

906

€14

1

15
21
24
24
22
18
11

135

-12
15
13
14
22
27
81
32
31
29
29
27
34
17
-7

298

108
153
180
W77
121

23

830

-25
-10

14
22
27
31
57

109

152

177

181

147
60
7

938

68

Hor

11
68
120
163
195
214
219
206
180
141
91
37
T

1452

538
38
94

145

187

216

232

235

222

197

160

115
64
16
-7

1886



TABLE - VI = 3

HEAT GAIN FOR 40 DEGREE NORTH LATITUDE (SINGLE BARRIER)

Date Ti
A

June

H =
VONOCDODNWONHFOOUVUONONOD

One day's total

July

One day's total

QDN

21
154
215
246
262
272
276
278
276
272
262
246
215
154

21

137
208
241
259
269
274
276
274
269
259
24]
208
137

SOLUTIONS BY NUMERICAL METHOD

TS

522
523
526
529
531
533
535
536
537
538
538
538
538
537
535

521
525
529
533
526
538
540
542
543
544
544
544
543
542
541

S

-4
9
21
41
71
94
108
110
101
82
55
36
28
17

775

-5
11
27
54
86
111
125
128
119
99
71
47
34
23
15

945

E

515)
141
176
179
158
122

76

48

48

46

42

36

28

16

1139

42
136
179
185
166
130

84

56

56

54

50

44

34

23

15

1254

17
42
36
81
87
43
47
48
48
46
43
49
60
41

595

36
3%
36
44
50
54

56

56
54
50
92
58
40
15

643

-4

21
30
&7
43
47
72
123
164
189
193
164
87

1184

=3
11
2%
36
44
50
54
80
152
178
157
roe
165
81
M

1257

69

Hor

LS

63
117
163
205
233
249
252
241
21
181
18w

87

37

2203

L)
115
165
206
285
252
255
244
220
183
138

87

39

S

2221



70

TABLE IV - 4

HEAT GAIN FOR 40 DEGREE NORTH LATITUDE (SINGLE BARRIER)

SOLUTIONS BY NUMERICAL METHOD

Date Time QDN TS S E N W Hor
A.M.

Aug 6 80 521 0 99 5 0 30

7 191 524 26 166 14 14 87

8 236 528 67 179 25 25 139

9 259 531 105 163 35 35 184

10 271 535 134 128 a4 a4 218

11 277 539 152 82 50 50 238

12 279 542 156 54 54 80 242

13 277 543 145 52 52 132 228

14 271 542 123 48 48 172 201

15 259 542 89 44 44 196 162

16 236 542 53 27 37 192 115

17 191 542 29 29 33 133 63

18 80 542 19 19 33 46 21

One day's total 1096 1100 474 1123 1828

Sep 7 149 515 31 129 = A7 39

8 230 518 81 161 5 5 94

9 263 521 124 148 14 14 140

10 279 524 © 155 110 21 21 ¥

11 287 526 174 60 27 27 193

12 290 529 178 30 30 57 197

13 287 531 167 31 31 114 185

14 279 532 142 29 29 158 158

15 263 533 105 25 25 180 118

16 230 533 59 17 17 © 158 68

17 149 532 13 8 8 104 16

1229 748 200 g3l 13g8

One day's total



TABLE

Iv - 5

HEAT GAIN FOR 40 DEGREE NORTH LATITUDE (SINGLE BARRIER)

Date Time
A .M.

Oct 7

10
11
12
13
14
15
16
17

One day's total

Nov 8
9
10
11
12
13
14
15
16

One day's total

Dec 8
9
10
11
12
13
14
15
16

One day's total

SOLUTIONS BY NUMERICAL METHOD

QDN

48
203
257
280
290
293
290
280
257
203

48

136
232
267
283
287
283
267
232
136

88
217
261
279
284
279
261
217

88

TS

506
508
511
514
517

519
521
521
521
520
519

495
496
498
501
504
507
508
508
507

485
486
487
489
492
494
496
496
495

S

14

82
132
167
187
191
178
148
103

39
-14

1227

53
116
156
178
183

. 170

136
78

1073

100
142
165
169
154
118

50
-33

891

E

57
128
125
91
41
11
11
8

2
=7
=15

452

66
84
57
13
-14
=12
-15
=21
-29

129

27
60
37

-39
-31
-33
-39
-47

-64

-26
-14
-5

L |
hs

i
-15

-24

-39
-30
=24
-18
-14
-12
-15
=2
-29

-202

-54
-46
-41
-36
-32
-31
-33
-39
-47

-359

-26

-14.

=9

38
94
134
144
87
=7

456

-39
-30
-24
-18
11
64
o7
88
45

194

-54
-46
=t
-36
-8
41
71
49
-17

7L

Hor

=5
47
93
127
147
150
138
10§
67
18
-15

876

5O
37
70
89
94
83
56
16
-25

415
-31

40
58
62
Si
25
-13
-46

159



Date

Oct

Nov

Dec

Jan

TABLE V -1

HEAT GAIN FCR SOUTH-FACING 1/4 INCH WINDOW:

Time
A.M.

10
11
12
13
14
15
16

10
11
12
13
14
15
16

10
11
12
13
14
15
16

10
11
12
13
14
15
16

QDN

253
286
303
312
314
312
303
286
253

220
276
295
305
308
305
295
276
220

193
265
286
297
300
297
286
265
193

220
276
295
305
308
305
295
276
220

i

64
58
53
50
49
50
53
58
64

58
o1
45
41
40
41
45
51
o8

56
48
42
38
37
38
42
48
56

o8
51
45
41
40
41
45
o1
58

ANALYTICAL

D S
75 99
107 136
129 161
142 176
148 179
144 170
130 150
106 122
80 89
80 102
117 147
143 175
57 192
163 194
157 185
142 164
15 125
76 77
69 87
113 135
37 162
150 177
155 178
149 169
133 144
104 102
54 47
69 87
113 135
137 162
150 177
155 178
149 169
133 144
104 102
54 47

LATITUDE 3

D

82
2
132
143
146
140
125
L)L

73

88
123
146
1859
162
155
137
107

67

80
MRS
140
152
154
147
128

94

45

80
119
140
152
154
147
128

94

45

(2

O DEGREE
NUMERICAL
S

98
182
11557/
172
176
169
150
22

89

102
144
171
187
1€1
183
162
126

79

87
134
160
174
177
168
146
104

46

87
134
160
174
N7
168
146
104

46



Date

Feb

Mar

Apr

HEAT GAIN FOR SOUTH-FACING 1/4 INCH WINDOW:

Time
A.M.

10
11
12
13
14
15
16

10
11
12
13
14
15
16
17

10
11
12
'3
14
15
16

QDN

253
286
303
32
314
312
303
286
253

157
223
259
275
283
286
283
275
259
223
157

241
274
283
289
201
289

283

274
241

TABLE V - 2

b’

64
58
53
50
49
50
53
58
64

83
76
70
65
62
61
62
65
70
76
83

87
81
76
74
72
74
76
81
87

LATITUDE

ANALYTICAL

D S
65 74
92 107
113 133
125 148
130 153
127 146
114 127,
93 98
65 65
12 L7/
36 50
60 80
80 101
92 11146
96 116
92 109
79 91
60 63
35 32
10 3
12 22
33 50
51 69
61 81
66 82
60 AT,
Sil 66
36 44
16 25

30 DEGREE
NUMERICAL
D S
/L $
2 7 107
116 129
127 144
130 148
125 143
110 126
87 98
$2 65
il 1%
42 48
65 76
83 98
94 1 IETE
96 318
90 108
76 91
95 66
30 35
6 7
877 21
38 48
54 66
63 78
65 81
59 74
49 63
31 42
14 23



Date

Oct

Nov

Dec

Jan

HEAT GAIN FOR SOUTH-FACING 1/4 INCH WINDOW:

Time
A.M.

10
11
12
13
14
15
16

10
B3k
112
13
14
15
16

10
11
12
13
14
15
16

10
11
12
13
14
15
16

QDN

245
282
299
306
310
306
299
282
245

195
268
288
295
300
295
288
268
195

286
245
273
286
292
286
273
245
186

195
268
288
295
300
295
288
268
195

TABLE VI -1

i

63
57
50
45
44
45
50
57
63

57
49
42
36
35
36
42
49
57

55
46
38
33
el
33
38
46
55

57
49
42
36
35
36
42
49
57

LATITUDE 35
ANALYTICAL
D - D
69 83 75
99 125 106
o7 156 bk
144 174 146
148 179 149
145 169 b
128 145 o
101 173 95
72 T7 66
62 = 12
105 126 i v
132 159 13F
150 177 152
155 180 155
150 168 147
132 143 126
100 98 91
52 41 42
57 60 66
96 110 103
126 143 130
142 160 144
147 164 147
140 153 137
122 125 116
88 80 79
44 27 35
56 59 65
98 113 104
125 146 129
142 165 144
148 168 148
143 158 140
125 132 120
93 88 85
46 30 36

74

DEGREE
NUMERICAL

S

83
24
I352
170
174
166
143
1582

78

7S
123
154
172
e
¥t
143
100

42

61
e
140
158
103
150
125

81

&)

60
109
141
¥39
164
155
132

89

31



Date

Feb

Mar

Apr

HEAT GAIN FOR SOUTH-FACING 1/4 INCH WINDOW:

Time
A.M.

10
11
12
13
14
15
16

10
11
12
13
14
15
16
17

10
11
12
13
14
15
16

QDN

245
282
299
306
310
306
299
282
245

157
223
259
273
281
283
281
273
259
223
157

241
268
282
287
289
287
282
268
241

TABLE NI ,- .2

i

63
S
50
45
44
45

50

57

63

82
74
68
62
s9
28
S0
62
68
74
82

84
7
72
69
68
69
72
77
84

LATITUDE

ANALYTICAL

D S
9% 52
82 91
107 120
123 138
129 143
123 136
106 1159
83 85
25 B3

5 1
3 38
56 70
78 95
90 109
94 111
91 106
80 88
58 60
33 28

5 -3
13 16
36 46
54 67
66 79
69 85
67 79
55 63
37 39
14 13

35 DEGREE
NUMERICAL

D S
60 53
88 89
1 82 118
125 134
128 139
121 4
102 110
%7 8l
50 50
11 1
36 35
62 67
81 91
92 104
95 108
89 102
75 86
53 60
27 29
&l g
19 17
41 44
57 65
67 37
69 80
65 76
52 61
32 38
10 12



Date

Oct

Nov

Dec

Jan

HEAT GAIN FOR SOUTH-FACING 1/4 INCH WINDOW:

Time
A.M.

10
11
12
18
14
15
16

10
11
12
13
14
15
16

10
11
12
13
14
15
16

10
11
12
13
14
15
16

QDN

230
273
292
300
303
300
292
273
230

180
240
276
288
289
288
276
240
180

180
221
260
273
277
273
260
221
180

180
240
276
288
289
288
276
240
180

TABEE 'wgIli 0

i

63
53
46
41
39
41
46
53
63

56
46
38
32
29
32
38
46
56

55
44
35
28
25
28
35
44
55

56
46
38
32
29
32
38
46
56

LATITUDE 40 DEGREE

ANALYTICAL

D S
62 73
100 121k
127 152
143 170
149 178
142 169
126 138
926 92
99 50
54 56
94 110
127 147
146 IR
151 172
145 199
124 128
87 79
41 24
46 41
83 90
116 127
134 148
140 152
132 140
111 107
74 60
34 13
45 38
85 93
117 128
135 146
140 169
140 152
119 121
83 72
37 18

D

AL
107
131
146
149
140
121

88

48

62
103
k32
148
1B
142
18]%7

78

32

54
91
1I2A;
1Sy,
140
129
104
66
26

53
93
122
137
141
138

181'3%

74
28

NUMERICAL
S

74
118
148
166
170
160
1:37%

9o

S/
108
144
163
167
1i57
127

80

26

42
90
1525
145
149
1'37
107
61
14

40
o1
126
144
152
149
120
74
19



Date

Feb

Mar

Apr

HEAT GAIN FOR SOUTH-FACING 1/4 INCH WINDOW:

Time
A.M.

10
11
12
13
14
15
16

10
11
12
13
14
15
16
17

10
11
12
13
14
15
16

QDN

230
273
292
300
303
300
292
273
230

134
217
247
265
275
277
275
265
247
217
134

238
264
279
284
286
284
279
264
238

TABLE VII -~ 2

i

63
X
46
41
39
41
46
53
63

81
72
64
57
53
o1
53
57
64
72
81

81
74
68
63
63
63
68
74
81

LATITUDE 40 DEGREE

ANALYTICAL
D S
46 38
81 83
106 114
122 130
128 155
127 140
12 117
83 79
43 32
-2 -14
25 27
54 66
79 93
94 112
102 17
97 107
81 85
56 53
27 14
-4 -21
15 jL!
38 46
60 12
76 87
78 92
79 87
60 66
40 38
15 9

{//

NUMERICAL

D S
53 40
98 83
122 111
1587 128
141 137
137 114
188 114
74 78
28 &l

£ -13
32 25
61 61
84 89
98 106
102 ALY
94 104
77 83
o1 58
21 17
-8 -18
20 18
44 44
65 70
76 84
78 87
73 82
Sil 63
35 38
Akl 9



Date

Oct

Nov

Dec

Jan

HEAT GAIN FOR SOUTH-FACING 1/4 INCH WINDOW:

Time
A.M.

10
11
12
13
14
15
16

10
11
12
13
14
15
16

10
11
12
13
14
15
16

10
11
12
13
14
15
16

QDN

218
267
282
292
285
292
282
267
218

164
220
248
270
276
270
248
220
164

178
193
218
253
267
253
218
193
178

164
220
248
270
276
270
248
220
164

TABLE VIII -1

i

62
52
42
36
34
36
42
52
62

55
45
34
27
24
27
34
45
55

54
42
31
23
22
23
31
42
54

55
45
34
27
24
27
34
45
55

LATITUDE 45 DEGREE

ANALYTICAL

D S
57 65
97 115

129 150

145 167

160 153

144 160

124 133
91 92
49 43
44 38
81 91

115 138

139 157

146 158

135 140

109 106
73 62
31 13
41 24
64 62
95 103

123 131

13 135

118 198
89 78
59 42
33 10
35 20
72 72

105 110

126 130

132 133

121 1357
96 85
60 38
18 -

78

NUMERICAL

D S
66 66
105 118
132 146
147 165
150 169
141 158
118 134
83 90
41 41
)1 40
89 89
1524 128
141 158
145 157
185l 140
102 106
65 61
23 152
45 27
70 61
102 100
126 129
126 128
112 16182
82 77
54 44
27 158
43 22
79 el
110 108
128 130
130 132
117 MIsS
89 83
52 39

9 =2



9o

TABLE VIII - 2

HEAT GAIN FOR SOUTH-FACING 1/4 INCH WINDOW: LATITUDE 45 DEGREE

Date Time QDN i ANALYTICAL NUMERICAL
A.M.

D S D 8

Feb 8 218 62 37 18 44 20
9 267 52 72 69 79 68

10 282 42 101 100 105 100

11 292 36 118 118 119 116

12 295 34 123 122 128 120

13 292 36 115 110 112 108

14 282 42 95 83 89 82

15 267 52 63 42 54 40

16 218 62 22 -6 13 -8

Mar 7 117 80 -7 -25 -1 -24
8 207 70 23 19 29 18

9 238 61 54 59 60 56

10 259 53 80 87 84 84

11 268 49 94 103 97 100

12 271 46 101 109 100 104

13 268 49 94 94 91 94

14 259 53 77 73 72 Al

15 238 61 49 38 44 38

16 207 70 18 -2 L -1

17 117 80 - -15 -38 -19 -37

Apr 8 235 79 14 6 20 W
9 260 70 41 43 46 42

10 275 63 64 67 67 66

11 281 59 76 84 78 80

12 283 58 80 87 - 80 84

13 281 59 76 80 74 s

14 275 63 61 62 58 58

15 260 70 39 e 33 29

16 235 79 9
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