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A1:1. STRUCTURES COMPLETED IN 1978.  

• Kilmarnock District Council Sports Centre. 

 

A1:2. STRUCTURES COMPLETED IN 1979.  

• Bridge of Don Exhibition and Sports Centre. 

 

A1:3. STRUCTURES COMPLETED IN 1981.  

• Judy's Pantry, Covent Garden. 

 

A1:4. STRUCTURES COMPLETED IN 1984.  

• Regents Park Zoo Canopy.  

 

A1:5. STRUCTURES COMPLETED IN 1985.  

• Schlumberger 1, Cambridge 

 

A1:6. STRUCTURES COMPLETED IN 1987.  

• Windsor Safari Park Dolphinarium Canopy.  

• Blackpool Pleasure Beach Canopy. 

• Hooke Park House, Dorset.  

• Lords Mound Cricket Stand. 

 

A1:7. STRUCTURES COMPLETED IN 1988.  

• Portobello Market Canopy.  

 

A1:8. STRUCTURES COMPLETED IN 1989.  

• Hooke Park Training College, Dorset. 

• Imagination Headquarters, London. 

• All English Lawn Tennis Club, Indoor Tennis Centre, Covered Courts, Wimbledon.  

 

A1:9. STRUCTURES COMPLETED IN 1990.  

•••• Goodwood Grandstand.  

• The Players Theatre, Charing Cross.  

• Waterside Canopy, Charing Cross. 

• Alexandra Palace internal lining canopy, London. .  

 

A1:10. STRUCTURES COMPLETED IN 1991.  

•••• Don Valley Athletics Stadium, Sheffield. 

• Cardiff Bay Visitors Centre.  

• Express Canopy.  

• Landrell Fabric Engineering Premises, Chepstow. 
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• Haggerston Castle courtyard covering, near Berwick Upon Tweed.  

• Project 184. MOMI Hospitality Tent. 

 

A1:11.STRUCTURES COMPLETED IN 1992.  

• Schlumberger 2, Cambridge. 

• Administration and Amenities Building, Cheriton Passenger Terminal, Folkestone. 

• Royal International Eisteddfod Pavilion, Llangollen. 

• Garsington Manor Opera Festival Canopy.  

• Sainsbury's Plymouth Supermarket, trolley park.  

 

A1:12. STRUCTURES COMPLETED IN 1993.  

•••• Mid Kent Oncology Centre, entrance canopy.  

• Phyllis Court Club Grandstand Pavilion, Henley on Thames. 

• Covent Garden Swimming Pool, ceiling liner.  

• 1st stage of birth 42, Tilbury dock.  

• Glyndbourne Opera House, entrance canopy.  

 

A1:13. STRUCTURES COMPLETED IN 1994.  

• Sainbury's Coventry Supermarket, portico and garage. 

• Birkenhead Park Cricket Club, Merseyside.  

• 2nd stage of birth 42, Tilbury Dock.  

• The Variety Club Building, Basement Play Area. Great Ormond Street Hospital.  

• Amenities Building, Nottingham Inland Revenue.  

• Swindon Market Canopy. 

• 309 Regent Street, fire stair canopy, London. 

• Spiral House Canopy. 

• St Anne's Infant School Playground Cover. Tower Hamlets, East London.  

• Broadstreet Mall Lilies. Reading.  

• Demountable Ticket Office for Buckingham Palace.  

• Teachers Stand, Bath Rugby Club.  

• Stratford Bus Station. The London Borough of Newman.  

 

 

NB The list presented here includes only those significant architectural fabric structures which 

were encountered during the course of this research. These have been supplemented by a 

large number of temporary fabric structures and smaller scale shading systems. 



A2: APPENDIX 2, MEMBRANE MODEL CODE LISTING. 

274 

A2: APPENDIX 2, MEMBRANE MODEL CODE LISTING. 

A2:1  FABRIC MEMBRANE THERMAL MODEL CONTROL 

PROCEDURES..................................................................................................................275 

A2:1.1 Input Information.................................................................................................................275 

A2.1.2 Convergence Display...........................................................................................................281 

A2:1.3 Control Programme. ............................................................................................................282 

A2:2. SOLAR MODEL. ..............................................................................................................287 

A2:2.1 Calculation of The Angle of Incidence of Direct Beam Solar Radiation 

Incident on the External Surface of the Membrane.............................................................287 

A2:2.2 Calculation of the Composition of Solar Radiation Incident on the External 

Surface of the Membrane. ...................................................................................................288 

A2:2.3 Calculation of the Composition of Solar Radiation Incident on the Internal 

Surface of the Membrane. ...................................................................................................291 

A2:3. HEAT TRANSFER MODEL. ..........................................................................................293 

A2:3.1 Calculation of the External Surface Long Wave Infra Red Radiation Heat 

Transfer. ..............................................................................................................................293 

A2:3.2 Calculation of the Internal Surface Long Wave Infra Red Radiation Heat 

Transfer. ..............................................................................................................................294 

A2:3.3 Calculation of the External Surface Convection Heat Transfer..........................................295 

A2:3.4 Calculation of the Internal Surface Convection Heat Transfer. ..........................................296 

A2:3.5 Calculation of the Membrane Core Behaviour....................................................................297 

A2:4. MODEL CODE SOURCES..............................................................................................301 

 
 

 

 

 

 

 

  



A
2

:1
F

A
B

R
IC

 M
E

M
R

A
N

E
 T

H
E

R
M

A
L

 M
O

D
E

L
 C

O
N

T
O

L
 P

R
O

C
E

E
D

U
R

E
S

.

A
2

:1
.1

In
p

u
t 

In
fo

rm
a

ti
o

n

ce
ll

co
d

e
p

u
rp

o
se

u
n

it
s

B
3

1
F

2
1

m
em

b
ra

n
e 

in
te

rn
al

 s
u

rf
ac

e 
st

ar
t 

te
m

p
er

at
u

re
°c

D
3

1
H

2
4

m
em

b
ra

n
e 

ex
te

rn
al

 s
u

rf
ac

e 
st

ar
t 

te
m

p
er

at
u

re
°c

F
3

1
[M

E
M

M
O

D
3

.X
L

W
]D

A
T

A
.X

L
S

!$
G

$
3

ex
te

rn
al

 a
ir

 t
em

p
er

at
u

re
°c

H
3

1
[M

E
M

M
O

D
3

.X
L

W
]D

A
T

A
.X

L
S

!$
F

$
3

h
o

ri
zo

n
ta

l 
g

lo
b

al
 s

o
la

r 
ra

d
ia

ti
o

n
W

/m
²

J3
1

[M
E

M
M

O
D

3
.X

L
W

]D
A

T
A

.X
L

S
!$

H
$

3
fr

ee
 s

tr
ea

m
 w

in
d

 s
p

ee
d

m
/s

L
3

1
[M

E
M

M
O

D
3

.X
L

W
]D

A
T

A
.X

L
S

!$
I$

3
fr

ee
 s

tr
ea

m
 d

ir
ec

ti
o

n
° 

w
 o

f 
s

B
3

4
[M

E
M

M
O

D
3

.X
L

W
]S

IT
E

.X
L

S
!$

B
$

3
si

te
 l

o
n

g
it

u
d

e 
(W

 p
o

si
ti

v
e)

°

D
3

4
[M

E
M

M
O

D
3

.X
L

W
]S

IT
E

.X
L

S
!$

B
$

4
si

te
 l

at
it

u
d

e 
(N

 p
o

si
ti

v
e)

°

F
3

4
[M

E
M

M
O

D
3

.X
L

W
]S

IT
E

.X
L

S
!$

B
$

5
si

te
 e

le
v

at
io

n
m

H
3

4
[M

E
M

M
O

D
3

.X
L

W
]S

IT
E

.X
L

S
!$

B
$

1
1

o
b

st
ru

ct
io

n
 a

n
g

le
°

J3
4

[M
E

M
M

O
D

3
.X

L
W

]S
IT

E
.X

L
S

!$
B

$
6

sp
ac

e 
in

te
rn

al
 s

o
la

r 
re

fl
ec

ti
v

it
y

.
ra

ti
o

L
3

4
[M

E
M

M
O

D
3

.X
L

W
]S

IT
E

.X
L

S
!$

B
$

7
sp

ac
e 

in
te

rn
al

 l
o

n
g

 w
av

e 
in

fr
a 

re
d

 a
b

so
p

ti
v

it
y

ra
ti

o

B
3

7
[M

E
M

M
O

D
3

.X
L

W
]D

A
T

A
.X

L
S

!$
D

$
3

m
em

b
ra

n
e 

su
rf

ac
e 

az
im

u
th

° 
w

 o
f 

s

D
3

7
[M

E
M

M
O

D
3

.X
L

W
]D

A
T

A
.X

L
S

!$
C

$
3

m
em

b
ra

n
e 

su
rf

ac
e 

in
cl

in
at

io
n

°

F
3

7
[M

E
M

M
O

D
3

.X
L

W
]D

A
T

A
.X

L
S

!$
E

$
3

sp
ac

e 
in

te
rn

al
 a

ir
 t

em
p

er
at

u
re

°c

H
3

7
IF

(H
5

6
=

1
,(

D
3

7
/1

8
0

),
0

)
m

em
b

ra
n

e 
p

an
el

 s
el

f 
fa

ci
n

g
 ?

ra
ti

o

I3
7

[M
E

M
M

O
D

3
.X

L
W

]D
A

T
A

.X
L

S
!$

J$
3

sp
ac

e 
in

te
rn

al
 s

u
rf

ac
e 

te
m

p
°c

J3
7

((
H

3
7

*
B

3
1

^4
)+

((
1

-H
3

7
)*

[M
E

M
M

O
D

3
.X

L
W

]D
A

T
A

.X
L

S
!$

J$
3

^4
))

^0
.2

5
sp

ac
e 

in
te

rn
al

 e
q

u
iv

al
en

t 
su

rf
ac

e 
te

m
p

er
at

u
re

°c

B
5

0
IF

(B
5

3
>

0
,B

5
3

,I
N

T
([

M
E

M
M

O
D

3
.X

L
W

]D
A

T
A

.X
L

S
!$

B
$

3
))

d
at

e
d

/m
/y

D
5

0
IF

(D
5

3
>

0
,D

5
3

,(
[M

E
M

M
O

D
3

.X
L

W
]D

A
T

A
.X

L
S

!$
B

$
3

-B
5

0
))

ti
m

e
h

:m
:s

F
5

0

D
5

0
+

([
M

E
M

M
O

D
3

.X
L

W
]D

A
T

A
.X

L
S

!$
I$

1
/2

4
)+

([
M

E
M

M
O

D
3

.X
L

W
]D

A
T

A
.

X
L

S
!$

L
$

1
/(

2
4

*
6

0
))

G
M

T
h

:m
:s

H
5

0
F

5
3

-H
5

3
y

ea
r 

d
ay

 n
u

m
b

er
#

B
5

3
#

fa
ls

e 
d

at
e 

o
p

ti
o

n
d

/m
/y

D
5

3
#

fa
ls

e 
ti

m
e 

o
p

ti
o

n
h

:m
:s

F
5

3
B

5
0

d
ay

 n
u

m
b

er
#

H
5

3
[M

E
M

M
O

D
3

.X
L

W
]D

A
T

A
.X

L
S

!$
L

$
1

d
ay

 n
u

m
b

er
 f

o
r 

fi
rs

t 
o

f 
th

e 
y

ea
r

#

J5
1

IF
(F

5
0

<
0

,-
1

,0
)

p
re

v
io

u
s 

d
ay

 h
o

u
r 

d
ay

 c
o

rr
ec

ti
o

n
s

#

J5
2

IF
(F

5
0

<
0

,2
4

,0
)

p
re

v
io

u
s 

d
ay

 h
o

u
r 

d
ay

 c
o

rr
ec

ti
o

n
s

#

K
5

1

IF
(O

R
((

D
5

0
+

([
M

E
M

M
O

D
3

.X
L

W
]D

A
T

A
.X

L
S

!$
I$

1
/2

4
))

>
1

,(
D

5
0

+
([

M
E

M
M

O

D
3

.X
L

W
]D

A
T

A
.X

L
S

!$
I$

1
/2

4
))

=
1

),
1

,0
)

p
re

v
io

u
s 

d
ay

 h
o

u
r 

d
ay

 c
o

rr
ec

ti
o

n
s

#



K
5

2
IF

(F
5

0
>

2
4

,-
2

4
,0

)
p

re
v

io
u

s 
d

ay
 h

o
u

r 
d

ay
 c

o
rr

ec
ti

o
n

s
#

L
5

1
H

5
0

+
K

5
1

+
J5

1
co

rr
ec

te
d

 d
ay

 n
u

m
b

er
#

L
5

2
F

5
0

+
J5

2
+

K
5

2
co

rr
ec

te
d

 G
M

T
h

:m
:s

B
5

6
[M

E
M

M
O

D
3

.X
L

W
]D

A
T

A
.X

L
S

!$
F

$
3

n
ig

h
t 

ti
m

e 
n

eg
at

iv
e 

ra
d

ia
ti

o
n

W
/m

²

D
5

6
IF

(B
5

6
<

0
,(

(3
.1

+
B

5
6

)/
-3

.1
),

1
)

n
ig

h
t 

ti
m

e 
d

ef
au

lt
 c

lo
u

d
 c

o
v

er
ra

ti
o

F
5

6
IF

(P
3

3
<

-2
,A

B
S

(D
5

6
),

[M
E

M
M

O
D

3
.X

L
W

]D
A

T
A

.X
L

S
!$

S
$

1
)

cl
o

u
d

in
es

s(
0

 c
le

ar
, 
1

 c
lo

u
d

y
)

ra
ti

o

H
5

6
[M

E
M

M
O

D
3

.X
L

W
]S

IT
E

.X
L

S
!$

B
$

1
2

cu
rv

ed
 e

n
v

el
o

p
e?

#

J6
2

[M
E

M
M

O
D

3
.X

L
W

]M
E

M
B

R
A

N
E

S
.X

L
S

!$
B

$
1

0
m

em
b

ra
n

e 
o

u
ts

id
e 

su
rf

ac
e 

em
m

is
si

v
it

y
ra

ti
o

L
6

2
[M

E
M

M
O

D
3

.X
L

W
]M

E
M

B
R

A
N

E
S

.X
L

S
!$

B
$

9
m

em
b

ra
n

e 
in

si
d

e 
su

rf
ac

e 
em

m
is

si
v

it
y

ra
ti

o

J6
5

[M
E

M
M

O
D

3
.X

L
W

]M
E

M
B

R
A

N
E

S
.X

L
S

!$
B

$
1

1
m

em
b

ra
n

e 
n

ea
r 

n
o

rm
al

 l
o

n
g

 w
av

e 
tr

an
s

ra
ti

o

L
6

5

((
J6

2
+

L
6

2
)/

([
M

E
M

M
O

D
3

.X
L

W
]M

E
M

B
R

A
N

E
S

.X
L

S
!$

B
$

9
+

[M
E

M
M

O
D

3
.X

L

W
]M

E
M

B
R

A
N

E
S

.X
L

S
!$

B
$

1
0

))
*

J6
5

m
em

b
ra

n
e 

h
em

is
p

h
er

ic
al

 l
o

n
g

 w
av

e 
tr

an
sl

u
ce

n
cy

ra
ti

o

B
5

9
T

4
3

an
g

le
 o

f 
in

ci
d

en
ce

°

D
5

9
[M

E
M

M
O

D
3

.X
L

W
]M

E
M

B
R

A
N

E
S

.X
L

S
!$

B
$

1
2

m
em

b
ra

n
e 

co
re

 c
o

n
d

u
ct

iv
it

y
 

W
/m

²°
c

B
6

2

[M
E

M
M

O
D

3
.X

L
W

]M
E

M
B

R
A

N
E

S
.X

L
S

!$
B

$
3

*
(1

0
.2

0
3

1
+

(0
.0

9
3

8
*

B
5

9
)-

(0
.0

0
2

2
*

(B
5

9
)^

2
))

/1
0

.9
8

5
m

em
b

ra
n

e 
so

la
r 

tr
an

sl
u

ce
n

cy
ra

ti
o

D
6

2
1

0
0

-B
6

2
-B

6
5

m
em

b
ra

n
e 

so
la

r 
ab

so
rp

ti
o

n
ra

ti
o

B
6

5

[M
E

M
M

O
D

3
.X

L
W

]M
E

M
B

R
A

N
E

S
.X

L
S

!$
B

$
5

+
T

A
N

((
B

5
9

-(
((

9
0

-

(1
8

0
/P

I(
))

*
A

T
A

N
(1

0
0

-

[M
E

M
M

O
D

3
.X

L
W

]M
E

M
B

R
A

N
E

S
.X

L
S

!$
B

$
5

))
/9

0
)*

B
5

9
))

*
P

I(
)/

1
8

0
)

m
em

b
ra

n
e 

so
la

r 
re

fl
ec

ta
n

ce
ra

ti
o

D
6

5
1

0
0

-D
6

2
-B

6
5

-B
6

2
er

ro
r 

ch
ec

k
#

F
6

2
[M

E
M

M
O

D
3

.X
L

W
]M

E
M

B
R

A
N

E
S

.X
L

S
!$

B
$

6
m

em
b

ra
n

e 
 d

if
fu

se
 s

o
la

r 
tr

an
sl

u
ce

n
cy

ra
ti

o

H
6

2
[M

E
M

M
O

D
3

.X
L

W
]M

E
M

B
R

A
N

E
S

.X
L

S
!$

B
$

7
m

em
b

ra
n

e 
d

if
fu

se
 s

o
la

r 
ab

so
rp

ta
n

ce
ra

ti
o

F
6

5
[M

E
M

M
O

D
3

.X
L

W
]M

E
M

B
R

A
N

E
S

.X
L

S
!$

B
$

8
m

em
b

ra
n

e 
d

if
fu

se
 s

o
la

r 
re

fl
ec

t
ra

ti
o

H
6

5
1

0
0

-H
6

2
-F

6
2

-F
6

5
er

ro
r 

ch
ec

k
%

L
3

7
9

0
-P

3
3

g
ro

u
n

d
 i

n
ci

d
en

ce
°

D
4

1
[M

E
M

M
O

D
3

.X
L

W
]S

IT
E

.X
L

S
!$

B
$

1
4

n
ew

 c
o

n
cr

et
e 

v
ie

w
u

n
it

le
ss

D
4

2
[M

E
M

M
O

D
3

.X
L

W
]S

IT
E

.X
L

S
!$

B
$

1
5

o
ld

 c
o

n
cr

et
e 

v
ie

w
u

n
it

le
ss

D
4

3
[M

E
M

M
O

D
3

.X
L

W
]S

IT
E

.X
L

S
!$

B
$

1
6

g
ra

ss
 v

ie
w

u
n

it
le

ss

D
4

4
[M

E
M

M
O

D
3

.X
L

W
]S

IT
E

.X
L

S
!$

B
$

1
7

cr
u

sh
ed

 r
o

ck
 v

ie
w

u
n

it
le

ss

D
4

5
[M

E
M

M
O

D
3

.X
L

W
]S

IT
E

.X
L

S
!$

B
$

1
8

b
it

u
m

en
 a

n
d

 g
ra

v
el

 r
o

o
f 

v
ie

w
u

n
it

le
ss

D
4

6
[M

E
M

M
O

D
3

.X
L

W
]S

IT
E

.X
L

S
!$

B
$

1
9

b
it

u
m

en
 r

o
ad

 s
u

rf
ac

e 
v

ie
w

u
n

it
le

ss

D
4

7
S

U
M

(D
4

1
:D

4
6

)
to

ta
l

u
n

it
le

ss

E
4

1
D

4
1

/$
D

$
4

7
n

ew
 c

o
n

cr
et

e 
re

la
ti

v
e 

v
ie

w
ra

ti
o

E
4

2
D

4
2

/$
D

$
4

7
o

ld
 c

o
n

cr
et

e 
re

la
ti

v
e 

v
ie

w
ra

ti
o



E
4

3
D

4
3

/$
D

$
4

7
g

ra
ss

 r
el

at
iv

e 
v

ie
w

ra
ti

o

E
4

4
D

4
4

/$
D

$
4

7
cr

u
sh

ed
 r

o
ck

 r
el

at
iv

e 
v

ie
w

ra
ti

o

E
4

5
D

4
5

/$
D

$
4

7
b

it
u

m
en

 a
n

d
 g

ra
v

el
 r

o
o

f 
re

la
ti

v
e 

v
ie

w
ra

ti
o

E
4

6
D

4
6

/$
D

$
4

7
b

it
u

m
en

 r
o

ad
 s

u
rf

ac
e 

re
la

ti
v

e 
v

ie
w

ra
ti

o

E
4

7
S

U
M

(E
4

1
:E

4
6

)
to

ta
l

ra
ti

o

F
4

0
2

0
g

ro
u

n
d

 i
n

ci
d

en
ce

 
ra

ti
o

F
4

1
IF

($
L

$
3

7
<

3
0

,0
.3

1
,0

)
n

ew
 c

o
n

cr
et

e 
an

g
u

la
r 

re
fl

ec
ta

n
ce

ra
ti

o

F
4

2
IF

($
L

$
3

7
<

3
0

,0
.2

2
,0

)
o

ld
 c

o
n

cr
et

e 
an

g
u

la
r 

re
fl

ec
ta

n
ce

ra
ti

o

F
4

3
IF

($
L

$
3

7
<

3
0

,0
.2

2
,0

)
g

ra
ss

 a
n

g
u

la
r 

re
fl

ec
ta

n
ce

ra
ti

o

F
4

4
IF

($
L

$
3

7
<

3
0

,0
.2

1
,0

)
cr

u
sh

ed
 r

o
ck

 a
n

g
u

la
r 

re
fl

ec
ta

n
ce

ra
ti

o

F
4

5
IF

($
L

$
3

7
<

3
0

,0
.1

4
,0

)
b

it
u

m
en

 a
n

d
 g

ra
v

el
 r

o
o

f 
 a

n
g

u
la

r 
re

fl
ec

ta
n

ce
ra

ti
o

F
4

6
IF

($
L

$
3

7
<

3
0

,0
.0

9
,0

)
b

it
u

m
en

 r
o

ad
 s

u
rf

ac
e 

 a
n

g
u

la
r 

re
fl

ec
ta

n
ce

ra
ti

o

F
4

7
IF

($
L

$
3

7
<

3
0

,1
,0

)
ac

ti
v

at
e 

se
ri

es
ra

ti
o

G
4

0
3

0
g

ro
u

n
d

 i
n

ci
d

en
ce

 
ra

ti
o

G
4

1
IF

(A
N

D
($

L
$

3
7

>
F

$
4

0
,$

L
$

3
7

<
H

$
4

0
),

0
.3

1
,0

)
n

ew
 c

o
n

cr
et

e 
an

g
u

la
r 

re
fl

ec
ta

n
ce

ra
ti

o

G
4

2
IF

(A
N

D
($

L
$

3
7

>
F

$
4

0
,$

L
$

3
7

<
H

$
4

0
),

0
.2

2
,0

)
o

ld
 c

o
n

cr
et

e 
an

g
u

la
r 

re
fl

ec
ta

n
ce

ra
ti

o

G
4

3
IF

(A
N

D
($

L
$

3
7

>
F

$
4

0
,$

L
$

3
7

<
H

$
4

0
),

0
.2

2
,0

)
g

ra
ss

 a
n

g
u

la
r 

re
fl

ec
ta

n
ce

ra
ti

o

G
4

4
IF

(A
N

D
($

L
$

3
7

>
F

$
4

0
,$

L
$

3
7

<
H

$
4

0
),

0
.2

1
,0

)
cr

u
sh

ed
 r

o
ck

 a
n

g
u

la
r 

re
fl

ec
ta

n
ce

ra
ti

o

G
4

5
IF

(A
N

D
($

L
$

3
7

>
F

$
4

0
,$

L
$

3
7

<
H

$
4

0
),

0
.1

4
,0

)
b

it
u

m
en

 a
n

d
 g

ra
v

el
 r

o
o

f 
 a

n
g

u
la

r 
re

fl
ec

ta
n

ce
ra

ti
o

G
4

6
IF

(A
N

D
($

L
$

3
7

>
F

$
4

0
,$

L
$

3
7

<
H

$
4

0
),

0
.1

,0
)

b
it

u
m

en
 r

o
ad

 s
u

rf
ac

e 
 a

n
g

u
la

r 
re

fl
ec

ta
n

ce
ra

ti
o

G
4

7
IF

(A
N

D
($

L
$

3
7

>
F

$
4

0
,$

L
$

3
7

<
H

$
4

0
),

1
,0

)
ac

ti
v

at
e 

se
ri

es
ra

ti
o

H
4

0
4

0
g

ro
u

n
d

 i
n

ci
d

en
ce

 
ra

ti
o

H
4

1
IF

(A
N

D
($

L
$

3
7

>
G

$
4

0
,$

L
$

3
7

<
I$

4
0

),
0

.3
2

,0
)

n
ew

 c
o

n
cr

et
e 

an
g

u
la

r 
re

fl
ec

ta
n

ce
ra

ti
o

H
4

2
IF

(A
N

D
($

L
$

3
7

>
G

$
4

0
,$

L
$

3
7

<
I$

4
0

),
0

.2
2

,0
)

o
ld

 c
o

n
cr

et
e 

an
g

u
la

r 
re

fl
ec

ta
n

ce
ra

ti
o

H
4

3
IF

(A
N

D
($

L
$

3
7

>
G

$
4

0
,$

L
$

3
7

<
I$

4
0

),
0

.2
3

,0
)

g
ra

ss
 a

n
g

u
la

r 
re

fl
ec

ta
n

ce
ra

ti
o

H
4

4
IF

(A
N

D
($

L
$

3
7

>
G

$
4

0
,$

L
$

3
7

<
I$

4
0

),
0

.2
,0

)
cr

u
sh

ed
 r

o
ck

 a
n

g
u

la
r 

re
fl

ec
ta

n
ce

ra
ti

o

H
4

5
IF

(A
N

D
($

L
$

3
7

>
G

$
4

0
,$

L
$

3
7

<
I$

4
0

),
0

.1
4

,0
)

b
it

u
m

en
 a

n
d

 g
ra

v
el

 r
o

o
f 

 a
n

g
u

la
r 

re
fl

ec
ta

n
ce

ra
ti

o

H
4

6
IF

(A
N

D
($

L
$

3
7

>
G

$
4

0
,$

L
$

3
7

<
I$

4
0

),
0

.1
,0

)
b

it
u

m
en

 r
o

ad
 s

u
rf

ac
e 

 a
n

g
u

la
r 

re
fl

ec
ta

n
ce

ra
ti

o

H
4

7
IF

(A
N

D
($

L
$

3
7

>
G

$
4

0
,$

L
$

3
7

<
I$

4
0

),
1

,0
)

ac
ti

v
at

e 
se

ri
es

ra
ti

o

I4
0

5
0

g
ro

u
n

d
 i

n
ci

d
en

ce
 

ra
ti

o

I4
1

IF
(A

N
D

($
L

$
3

7
>

H
$

4
0

,$
L

$
3

7
<

J$
4

0
),

0
.3

2
,0

)
n

ew
 c

o
n

cr
et

e 
an

g
u

la
r 

re
fl

ec
ta

n
ce

ra
ti

o

I4
2

IF
(A

N
D

($
L

$
3

7
>

H
$

4
0

,$
L

$
3

7
<

J$
4

0
),

0
.2

3
,0

)
o

ld
 c

o
n

cr
et

e 
an

g
u

la
r 

re
fl

ec
ta

n
ce

ra
ti

o

I4
3

IF
(A

N
D

($
L

$
3

7
>

H
$

4
0

,$
L

$
3

7
<

J$
4

0
),

0
.2

5
,0

)
g

ra
ss

 a
n

g
u

la
r 

re
fl

ec
ta

n
ce

ra
ti

o

I4
4

IF
(A

N
D

($
L

$
3

7
>

H
$

4
0

,$
L

$
3

7
<

J$
4

0
),

0
.2

,0
)

cr
u

sh
ed

 r
o

ck
 a

n
g

u
la

r 
re

fl
ec

ta
n

ce
ra

ti
o

I4
5

IF
(A

N
D

($
L

$
3

7
>

H
$

4
0

,$
L

$
3

7
<

J$
4

0
),

0
.1

4
,0

)
b

it
u

m
en

 a
n

d
 g

ra
v

el
 r

o
o

f 
 a

n
g

u
la

r 
re

fl
ec

ta
n

ce
ra

ti
o

I4
6

IF
(A

N
D

($
L

$
3

7
>

H
$

4
0

,$
L

$
3

7
<

J$
4

0
),

0
.1

,0
)

b
it

u
m

en
 r

o
ad

 s
u

rf
ac

e 
 a

n
g

u
la

r 
re

fl
ec

ta
n

ce
ra

ti
o



I4
7

IF
(A

N
D

($
L

$
3

7
>

H
$

4
0

,$
L

$
3

7
<

J$
4

0
),

1
,0

)
ac

ti
v

at
e 

se
ri

es
ra

ti
o

J4
0

6
0

g
ro

u
n

d
 i

n
ci

d
en

ce
 

ra
ti

o

J4
1

IF
(A

N
D

($
L

$
3

7
>

I$
4

0
,$

L
$

3
7

<
K

$
4

0
),

0
.3

3
,0

)
n

ew
 c

o
n

cr
et

e 
an

g
u

la
r 

re
fl

ec
ta

n
ce

ra
ti

o

J4
2

IF
(A

N
D

($
L

$
3

7
>

I$
4

0
,$

L
$

3
7

<
K

$
4

0
),

0
.2

3
,0

)
o

ld
 c

o
n

cr
et

e 
an

g
u

la
r 

re
fl

ec
ta

n
ce

ra
ti

o

J4
3

IF
(A

N
D

($
L

$
3

7
>

I$
4

0
,$

L
$

3
7

<
K

$
4

0
),

0
.2

8
,0

)
g

ra
ss

 a
n

g
u

la
r 

re
fl

ec
ta

n
ce

ra
ti

o

J4
4

IF
(A

N
D

($
L

$
3

7
>

I$
4

0
,$

L
$

3
7

<
K

$
4

0
),

0
.2

,0
)

cr
u

sh
ed

 r
o

ck
 a

n
g

u
la

r 
re

fl
ec

ta
n

ce
ra

ti
o

J4
5

IF
(A

N
D

($
L

$
3

7
>

I$
4

0
,$

L
$

3
7

<
K

$
4

0
),

0
.1

4
,0

)
b

it
u

m
en

 a
n

d
 g

ra
v

el
 r

o
o

f 
 a

n
g

u
la

r 
re

fl
ec

ta
n

ce
ra

ti
o

J4
6

IF
(A

N
D

($
L

$
3

7
>

I$
4

0
,$

L
$

3
7

<
K

$
4

0
),

0
.1

1
,0

)
b

it
u

m
en

 r
o

ad
 s

u
rf

ac
e 

 a
n

g
u

la
r 

re
fl

ec
ta

n
ce

ra
ti

o

J4
7

IF
(A

N
D

($
L

$
3

7
>

I$
4

0
,$

L
$

3
7

<
K

$
4

0
),

1
,0

)
g

ro
u

n
d

 i
n

ci
d

en
ce

 
ra

ti
o

K
4

0
7

0
n

ew
 c

o
n

cr
et

e 
an

g
u

la
r 

re
fl

ec
ta

n
ce

ra
ti

o

K
4

1
IF

($
L

$
3

7
>

6
0

,0
.3

4
,0

)
o

ld
 c

o
n

cr
et

e 
an

g
u

la
r 

re
fl

ec
ta

n
ce

ra
ti

o

K
4

2
IF

($
L

$
3

7
>

6
0

,0
.2

5
,0

)
g

ra
ss

 a
n

g
u

la
r 

re
fl

ec
ta

n
ce

ra
ti

o

K
4

3
IF

($
L

$
3

7
>

6
0

,0
.3

1
,0

)
cr

u
sh

ed
 r

o
ck

 a
n

g
u

la
r 

re
fl

ec
ta

n
ce

ra
ti

o

K
4

4
IF

($
L

$
3

7
>

6
0

,0
.2

,0
)

b
it

u
m

en
 a

n
d

 g
ra

v
el

 r
o

o
f 

 a
n

g
u

la
r 

re
fl

ec
ta

n
ce

ra
ti

o

K
4

5
IF

($
L

$
3

7
>

6
0

,0
.1

4
,0

)
b

it
u

m
en

 r
o

ad
 s

u
rf

ac
e 

 a
n

g
u

la
r 

re
fl

ec
ta

n
ce

ra
ti

o

K
4

6
IF

($
L

$
3

7
>

6
0

,0
.1

2
,0

)
ac

ti
v

at
e 

se
ri

es
ra

ti
o

K
4

7
IF

($
L

$
3

7
>

6
0

,1
,0

)
to

ta
l

ra
ti

o

L
4

1
E

4
1

*
S

U
M

(F
4

1
:K

4
1

)
n

ew
 c

o
n

cr
et

e 
se

le
ct

ed
 r

ef
le

ct
an

ce
ra

ti
o

L
4

2
E

4
2

*
S

U
M

(F
4

2
:K

4
2

)
o

ld
 c

o
n

cr
et

e 
se

le
ct

ed
 r

ef
le

ct
an

ce
ra

ti
o

L
4

3
E

4
3

*
S

U
M

(F
4

3
:K

4
3

)
g

ra
ss

 s
el

ec
te

d
 r

ef
le

ct
an

ce
ra

ti
o

L
4

4
E

4
4

*
S

U
M

(F
4

4
:K

4
4

)
cr

u
sh

ed
 r

o
ck

 s
el

ec
te

d
 r

ef
le

ct
an

ce
ra

ti
o

L
4

5
E

4
5

*
S

U
M

(F
4

5
:K

4
5

)
b

it
u

m
en

 a
n

d
 g

ra
v

el
 r

o
o

f 
se

le
ct

ed
 r

ef
le

ct
an

ce
ra

ti
o

L
4

6
E

4
6

*
S

U
M

(F
4

6
:K

4
6

)
b

it
u

m
en

 r
o

ad
 s

u
rf

ac
e 

se
le

ct
ed

 r
ef

le
ct

an
ce

ra
ti

o

L
4

7
S

U
M

(L
4

1
:L

4
6

)/
(F

4
7

+
G

4
7

+
H

4
7

+
I4

7
+

J4
7

+
K

4
7

)
g

ro
u

n
d

 r
ef

le
ct

ed
 s

o
la

r 
ra

d
ia

ti
o

n
W

/m
²

B
6

7
L

5
1

d
ay

 n
u

m
b

er
#

B
6

8
0

Ja
n

. 
Is

t
#

B
6

9
3

1
Ja

n
.

#

B
7

0
5

9
F

eb
#

B
7

1
9

0
m

ar
ch

#

B
7

2
1

2
0

A
p

ri
l

#

B
7

3
1

5
1

m
ay

#

B
7

4
1

8
1

Ju
n

e
#

B
7

4
2

1
2

Ju
ly

#

B
7

6
2

4
3

au
g

u
st

#

B
7

7
2

7
3

S
ep

te
m

b
er

#

B
7

8
3

0
4

O
ct

o
b

er
#



B
7

9
3

3
4

N
o

v
em

b
er

#

B
8

0
3

6
5

D
ec

em
b

er
#

D
6

9
IF

(A
N

D
(B

$
6

7
>

B
6

8
,O

R
(B

$
6

7
<

B
6

9
,B

$
6

7
=

B
6

9
))

,1
,0

)
se

le
ct

 t
im

e 
o

f 
y

ea
r

#

D
7

0
IF

(A
N

D
(B

$
6

7
>

B
6

9
,O

R
(B

$
6

7
<

B
7

0
,B

$
6

7
=

B
7

0
))

,1
,0

)
se

le
ct

 t
im

e 
o

f 
y

ea
r

#

D
7

1
IF

(A
N

D
(B

$
6

7
>

B
7

0
,O

R
(B

$
6

7
<

B
7

1
,B

$
6

7
=

B
7

1
))

,1
,0

)
se

le
ct

 t
im

e 
o

f 
y

ea
r

#

D
7

2
IF

(A
N

D
(B

$
6

7
>

B
7

1
,O

R
(B

$
6

7
<

B
7

2
,B

$
6

7
=

B
7

2
))

,1
,0

)
se

le
ct

 t
im

e 
o

f 
y

ea
r

#

D
7

3
IF

(A
N

D
(B

$
6

7
>

B
7

2
,O

R
(B

$
6

7
<

B
7

3
,B

$
6

7
=

B
7

3
))

,1
,0

)
se

le
ct

 t
im

e 
o

f 
y

ea
r

#

D
7

4
IF

(A
N

D
(B

$
6

7
>

B
7

3
,O

R
(B

$
6

7
<

B
7

4
,B

$
6

7
=

B
7

4
))

,1
,0

)
se

le
ct

 t
im

e 
o

f 
y

ea
r

#

D
7

5
IF

(A
N

D
(B

$
6

7
>

B
7

4
,O

R
(B

$
6

7
<

B
7

5
,B

$
6

7
=

B
7

5
))

,1
,0

)
se

le
ct

 t
im

e 
o

f 
y

ea
r

#

D
7

6
IF

(A
N

D
(B

$
6

7
>

B
7

5
,O

R
(B

$
6

7
<

B
7

6
,B

$
6

7
=

B
7

6
))

,1
,0

)
se

le
ct

 t
im

e 
o

f 
y

ea
r

#

D
7

7
IF

(A
N

D
(B

$
6

7
>

B
7

6
,O

R
(B

$
6

7
<

B
7

7
,B

$
6

7
=

B
7

7
))

,1
,0

)
se

le
ct

 t
im

e 
o

f 
y

ea
r

#

D
7

8
IF

(A
N

D
(B

$
6

7
>

B
7

7
,O

R
(B

$
6

7
<

B
7

8
,B

$
6

7
=

B
7

8
))

,1
,0

)
se

le
ct

 t
im

e 
o

f 
y

ea
r

#

D
7

9
IF

(A
N

D
(B

$
6

7
>

B
7

8
,O

R
(B

$
6

7
<

B
7

9
,B

$
6

7
=

B
7

9
))

,1
,0

)
se

le
ct

 t
im

e 
o

f 
y

ea
r

#

D
8

0
IF

(A
N

D
(B

$
6

7
>

B
7

9
,O

R
(B

$
6

7
<

B
8

0
,B

$
6

7
=

B
8

0
))

,1
,0

)
se

le
ct

 t
im

e 
o

f 
y

ea
r

#

E
6

8
[M

E
M

M
O

D
3

.X
L

W
]S

IT
E

.X
L

S
!$

C
$

1
se

le
ct

 b
u

te
 s

it
e

#

E
6

9
4

.0
4

*
E

6
8

*
D

6
9

d
ef

in
e 

tu
rb

id
it

y
 f

o
r 

ti
m

e 
o

f 
y

ea
r

#

E
7

0
3

.7
7

*
E

6
8

*
D

7
0

d
ef

in
e 

tu
rb

id
it

y
 f

o
r 

ti
m

e 
o

f 
y

ea
r

#

E
7

1
3

.8
4

*
E

6
8

*
D

7
1

d
ef

in
e 

tu
rb

id
it

y
 f

o
r 

ti
m

e 
o

f 
y

ea
r

#

E
7

2
4

.0
2

*
E

6
8

*
D

7
2

d
ef

in
e 

tu
rb

id
it

y
 f

o
r 

ti
m

e 
o

f 
y

ea
r

#

E
7

3
4

.1
*

E
6

8
*

D
7

3
d

ef
in

e 
tu

rb
id

it
y

 f
o

r 
ti

m
e 

o
f 

y
ea

r
#

E
7

4
3

.6
9

*
E

6
8

*
D

7
4

d
ef

in
e 

tu
rb

id
it

y
 f

o
r 

ti
m

e 
o

f 
y

ea
r

#

E
7

5
3

.9
9

*
E

6
8

*
D

7
5

d
ef

in
e 

tu
rb

id
it

y
 f

o
r 

ti
m

e 
o

f 
y

ea
r

#

E
7

6
4

.5
3

*
E

6
8

*
D

7
6

d
ef

in
e 

tu
rb

id
it

y
 f

o
r 

ti
m

e 
o

f 
y

ea
r

#

E
7

7
4

.2
9

*
E

6
8

*
D

7
7

d
ef

in
e 

tu
rb

id
it

y
 f

o
r 

ti
m

e 
o

f 
y

ea
r

#

E
7

8
3

.8
8

*
E

6
8

*
D

7
8

d
ef

in
e 

tu
rb

id
it

y
 f

o
r 

ti
m

e 
o

f 
y

ea
r

#

E
7

9
3

.6
7

*
E

6
8

*
D

7
9

d
ef

in
e 

tu
rb

id
it

y
 f

o
r 

ti
m

e 
o

f 
y

ea
r

#

E
8

0
3

.3
1

*
E

6
8

*
D

8
0

d
ef

in
e 

tu
rb

id
it

y
 f

o
r 

ti
m

e 
o

f 
y

ea
r

#

F
6

8
[M

E
M

M
O

D
3

.X
L

W
]S

IT
E

.X
L

S
!$

D
$

1
se

le
ct

 w
im

b
le

d
o

n
 s

it
e

#

F
6

9
4

.3
3

*
F

6
8

*
D

6
9

d
ef

in
e 

tu
rb

id
it

y
 f

o
r 

ti
m

e 
o

f 
y

ea
r

#

F
7

0
4

.3
5

*
F

6
8

*
D

7
0

d
ef

in
e 

tu
rb

id
it

y
 f

o
r 

ti
m

e 
o

f 
y

ea
r

#

F
7

1
4

.1
2

*
F

6
8

*
D

7
1

d
ef

in
e 

tu
rb

id
it

y
 f

o
r 

ti
m

e 
o

f 
y

ea
r

#

F
7

2
4

.7
7

*
F

6
8

*
D

7
2

d
ef

in
e 

tu
rb

id
it

y
 f

o
r 

ti
m

e 
o

f 
y

ea
r

#

F
7

3
4

.4
7

*
F

6
8

*
D

7
3

d
ef

in
e 

tu
rb

id
it

y
 f

o
r 

ti
m

e 
o

f 
y

ea
r

#

F
7

4
4

.1
*

F
6

8
*

D
7

4
d

ef
in

e 
tu

rb
id

it
y

 f
o

r 
ti

m
e 

o
f 

y
ea

r
#

F
7

5
4

.2
8

*
F

6
8

*
D

7
5

d
ef

in
e 

tu
rb

id
it

y
 f

o
r 

ti
m

e 
o

f 
y

ea
r

#

F
7

6
5

*
F

6
8

*
D

7
6

d
ef

in
e 

tu
rb

id
it

y
 f

o
r 

ti
m

e 
o

f 
y

ea
r

#



F
7

7
4

.7
2

*
F

6
8

*
D

7
7

d
ef

in
e 

tu
rb

id
it

y
 f

o
r 

ti
m

e 
o

f 
y

ea
r

#

F
7

8
4

*
F

6
8

*
D

7
8

d
ef

in
e 

tu
rb

id
it

y
 f

o
r 

ti
m

e 
o

f 
y

ea
r

#

F
7

9
3

.8
5

*
F

6
8

*
D

7
9

d
ef

in
e 

tu
rb

id
it

y
 f

o
r 

ti
m

e 
o

f 
y

ea
r

#

F
8

0
3

.3
4

*
F

6
8

*
D

8
0

d
ef

in
e 

tu
rb

id
it

y
 f

o
r 

ti
m

e 
o

f 
y

ea
r

#

G
6

8
[M

E
M

M
O

D
3

.X
L

W
]S

IT
E

.X
L

S
!$

E
$

1
se

le
ct

 E
is

te
d

d
fo

d
 s

it
e

#

G
6

9
4

.1
8

*
G

6
8

*
D

6
9

d
ef

in
e 

tu
rb

id
it

y
 f

o
r 

ti
m

e 
o

f 
y

ea
r

#

G
7

0
3

.8
8

*
G

6
8

*
D

7
0

d
ef

in
e 

tu
rb

id
it

y
 f

o
r 

ti
m

e 
o

f 
y

ea
r

#

G
7

1
3

.7
3

*
G

6
8

*
D

7
1

d
ef

in
e 

tu
rb

id
it

y
 f

o
r 

ti
m

e 
o

f 
y

ea
r

#

G
7

2
3

.8
7

*
G

6
8

*
D

7
2

d
ef

in
e 

tu
rb

id
it

y
 f

o
r 

ti
m

e 
o

f 
y

ea
r

#

G
7

3
4

.0
4

*
G

6
8

*
D

7
3

d
ef

in
e 

tu
rb

id
it

y
 f

o
r 

ti
m

e 
o

f 
y

ea
r

#

G
7

4
3

.4
3

*
G

6
8

*
D

7
4

d
ef

in
e 

tu
rb

id
it

y
 f

o
r 

ti
m

e 
o

f 
y

ea
r

#

G
7

5
3

.7
9

*
G

6
8

*
D

7
5

d
ef

in
e 

tu
rb

id
it

y
 f

o
r 

ti
m

e 
o

f 
y

ea
r

#

G
7

6
4

.4
5

*
G

6
8

*
D

7
6

d
ef

in
e 

tu
rb

id
it

y
 f

o
r 

ti
m

e 
o

f 
y

ea
r

#

G
7

7
4

.1
9

*
G

6
8

*
D

7
7

d
ef

in
e 

tu
rb

id
it

y
 f

o
r 

ti
m

e 
o

f 
y

ea
r

#

G
7

8
3

.8
*

G
6

8
*

D
7

8
d

ef
in

e 
tu

rb
id

it
y

 f
o

r 
ti

m
e 

o
f 

y
ea

r
#

G
7

9
3

.6
7

*
G

6
8

*
D

7
9

d
ef

in
e 

tu
rb

id
it

y
 f

o
r 

ti
m

e 
o

f 
y

ea
r

#

G
8

0
3

.3
3

*
G

6
8

*
D

8
0

d
ef

in
e 

tu
rb

id
it

y
 f

o
r 

ti
m

e 
o

f 
y

ea
r

#

H
6

8
[M

E
M

M
O

D
3

.X
L

W
]S

IT
E

.X
L

S
!$

F
$

1
se

le
ct

 L
an

d
re

ll
 s

it
e

#

H
6

9
4

.0
4

*
H

6
8

*
D

6
9

d
ef

in
e 

tu
rb

id
it

y
 f

o
r 

ti
m

e 
o

f 
y

ea
r

#

H
7

0
3

.7
7

*
H

6
8

*
D

7
0

d
ef

in
e 

tu
rb

id
it

y
 f

o
r 

ti
m

e 
o

f 
y

ea
r

#

H
7

1
3

.8
4

*
H

6
8

*
D

7
1

d
ef

in
e 

tu
rb

id
it

y
 f

o
r 

ti
m

e 
o

f 
y

ea
r

#

H
7

2
4

.0
2

*
H

6
8

*
D

7
2

d
ef

in
e 

tu
rb

id
it

y
 f

o
r 

ti
m

e 
o

f 
y

ea
r

#

H
7

3
4

.1
*

H
6

8
*

D
7

3
d

ef
in

e 
tu

rb
id

it
y

 f
o

r 
ti

m
e 

o
f 

y
ea

r
#

H
7

4
3

.6
9

*
H

6
8

*
D

7
4

d
ef

in
e 

tu
rb

id
it

y
 f

o
r 

ti
m

e 
o

f 
y

ea
r

#

H
7

5
3

.9
9

*
H

6
8

*
D

7
5

d
ef

in
e 

tu
rb

id
it

y
 f

o
r 

ti
m

e 
o

f 
y

ea
r

#

H
7

6
4

.5
3

*
H

6
8

*
D

7
6

d
ef

in
e 

tu
rb

id
it

y
 f

o
r 

ti
m

e 
o

f 
y

ea
r

#

H
7

7
4

.2
9

*
H

6
8

*
D

7
7

d
ef

in
e 

tu
rb

id
it

y
 f

o
r 

ti
m

e 
o

f 
y

ea
r

#

H
7

8
3

.8
8

*
H

6
8

*
D

7
8

d
ef

in
e 

tu
rb

id
it

y
 f

o
r 

ti
m

e 
o

f 
y

ea
r

#

H
7

9
3

.6
7

*
H

6
8

*
D

7
9

d
ef

in
e 

tu
rb

id
it

y
 f

o
r 

ti
m

e 
o

f 
y

ea
r

#

H
8

0
3

.3
1

*
H

6
8

*
D

8
0

d
ef

in
e 

tu
rb

id
it

y
 f

o
r 

ti
m

e 
o

f 
y

ea
r

#

I6
8

[M
E

M
M

O
D

3
.X

L
W

]S
IT

E
.X

L
S

!$
G

$
1

se
le

ct
 E

u
ro

tu
n

n
el

 s
it

e
#

I6
9

I6
8

*
D

6
9

d
ef

in
e 

tu
rb

id
it

y
 f

o
r 

ti
m

e 
o

f 
y

ea
r

#

I7
0

4
.3

5
*

I6
8

*
D

7
0

d
ef

in
e 

tu
rb

id
it

y
 f

o
r 

ti
m

e 
o

f 
y

ea
r

#

I7
1

4
.1

2
*

I6
8

*
D

7
1

d
ef

in
e 

tu
rb

id
it

y
 f

o
r 

ti
m

e 
o

f 
y

ea
r

#

I7
2

4
.7

7
*

I6
8

*
D

7
2

d
ef

in
e 

tu
rb

id
it

y
 f

o
r 

ti
m

e 
o

f 
y

ea
r

#

I7
3

4
.4

7
*

I6
8

*
D

7
3

d
ef

in
e 

tu
rb

id
it

y
 f

o
r 

ti
m

e 
o

f 
y

ea
r

#



I7
4

4
.1

*
I6

8
*

D
7

4
d

ef
in

e 
tu

rb
id

it
y

 f
o

r 
ti

m
e 

o
f 

y
ea

r
#

I7
5

4
.2

8
*

I6
8

*
D

7
5

d
ef

in
e 

tu
rb

id
it

y
 f

o
r 

ti
m

e 
o

f 
y

ea
r

#

I7
6

5
*

I6
8

*
D

7
6

d
ef

in
e 

tu
rb

id
it

y
 f

o
r 

ti
m

e 
o

f 
y

ea
r

#

I7
7

4
.7

2
*

I6
8

*
D

7
7

d
ef

in
e 

tu
rb

id
it

y
 f

o
r 

ti
m

e 
o

f 
y

ea
r

#

I7
8

4
*

I6
8

*
D

7
8

d
ef

in
e 

tu
rb

id
it

y
 f

o
r 

ti
m

e 
o

f 
y

ea
r

#

I7
9

3
.8

5
*

I6
8

*
D

7
9

d
ef

in
e 

tu
rb

id
it

y
 f

o
r 

ti
m

e 
o

f 
y

ea
r

#

I8
0

3
.3

4
*

I6
8

*
D

8
0

d
ef

in
e 

tu
rb

id
it

y
 f

o
r 

ti
m

e 
o

f 
y

ea
r

#

K
6

9
S

U
M

(E
6

9
:I

6
9

)
d

ef
in

e 
se

le
ct

ed
 t

u
rb

id
it

y
 f

o
r 

ti
m

e 
o

f 
y

ea
r

#

K
7

0
S

U
M

(E
7

0
:I

7
0

)
d

ef
in

e 
se

le
ct

ed
 t

u
rb

id
it

y
 f

o
r 

ti
m

e 
o

f 
y

ea
r

#

K
7

1
S

U
M

(E
7

1
:I

7
1

)
d

ef
in

e 
se

le
ct

ed
 t

u
rb

id
it

y
 f

o
r 

ti
m

e 
o

f 
y

ea
r

#

K
7

2
S

U
M

(E
7

2
:I

7
2

)
d

ef
in

e 
se

le
ct

ed
 t

u
rb

id
it

y
 f

o
r 

ti
m

e 
o

f 
y

ea
r

#

K
7

3
S

U
M

(E
7

3
:I

7
3

)
d

ef
in

e 
se

le
ct

ed
 t

u
rb

id
it

y
 f

o
r 

ti
m

e 
o

f 
y

ea
r

#

K
7

4
S

U
M

(E
7

4
:I

7
4

)
d

ef
in

e 
se

le
ct

ed
 t

u
rb

id
it

y
 f

o
r 

ti
m

e 
o

f 
y

ea
r

#

K
7

5
S

U
M

(E
7

5
:I

7
5

)
d

ef
in

e 
se

le
ct

ed
 t

u
rb

id
it

y
 f

o
r 

ti
m

e 
o

f 
y

ea
r

#

K
7

6
S

U
M

(E
7

6
:I

7
6

)
d

ef
in

e 
se

le
ct

ed
 t

u
rb

id
it

y
 f

o
r 

ti
m

e 
o

f 
y

ea
r

#

K
7

7
S

U
M

(E
7

7
:I

7
7

)
d

ef
in

e 
se

le
ct

ed
 t

u
rb

id
it

y
 f

o
r 

ti
m

e 
o

f 
y

ea
r

#

K
7

8
S

U
M

(E
7

8
:I

7
8

)
d

ef
in

e 
se

le
ct

ed
 t

u
rb

id
it

y
 f

o
r 

ti
m

e 
o

f 
y

ea
r

#

K
7

9
S

U
M

(E
7

9
:I

7
9

)
d

ef
in

e 
se

le
ct

ed
 t

u
rb

id
it

y
 f

o
r 

ti
m

e 
o

f 
y

ea
r

#

K
8

0
S

U
M

(E
8

0
:I

8
0

)
d

ef
in

e 
se

le
ct

ed
 t

u
rb

id
it

y
 f

o
r 

ti
m

e 
o

f 
y

ea
r

#

K
8

1
S

U
M

(K
6

9
:K

8
0

)
at

m
o

sp
h

er
ic

 t
u

rb
id

it
y

#

A
2

:1
.2

C
o

n
v

er
g

en
ce

 D
is

p
la

y
.

ce
ll

co
d

e
p

u
rp

o
se

u
n

it
s

D
2

0
in

n
er

 i
te

ra
ti

o
n

s 
=

 0
#

E
2

L
3

+
1

in
n

er
 i

te
ra

ti
o

n
s 

p
lu

s 
1

#

L
5

#
cu

rr
en

t 
in

n
er

 i
te

ra
ti

o
n

s
#

I3
#

ar
ti

fi
ci

al
 s

to
p

 t
im

e
h

:m
:s

I5
IF

(I
3

>
0

,I
3

,M
A

X
([

M
E

M
M

O
D

3
.X

L
W

]D
A

T
A

.X
L

S
!$

B
:$

B
))

d
at

a 
se

ri
es

 s
to

p
 t

im
e

h
:m

:s

J5
[M

E
M

M
O

D
3

.X
L

W
]D

A
T

A
.X

L
S

!$
B

$
3

cu
rr

en
t 

ti
m

e
h

:m
:s

K
5

(I
5

-J
5

)*
6

0
*

2
4

re
m

ai
n

in
g

 t
im

e
h

:m
:s

L
5

(D
2

4
-B

2
4

)/
B

2
4

re
m

ai
n

in
g

 r
es

id
u

al
W

/m
²

J2
[M

E
M

M
O

D
3

.X
L

W
]M

E
M

B
R

A
N

E
S

.X
L

S
!$

B
$

1
m

em
b

ra
n

e 
ty

p
e

#

J3
[M

E
M

M
O

D
3

.X
L

W
]S

IT
E

.X
L

S
!$

B
$

1
S

it
e

#

B
2

1
0

.0
0

0
1

te
rm

in
at

io
n

 r
es

id
u

al
W

/m
²

B
1

8
B

2
1

*
D

1
8

u
se

r 
m

u
lt

ip
li

er
 r

es
id

u
al

#



D
1

8
1

/(
B

2
1

/5
)

au
to

 r
es

id
u

al
 m

u
lt

ip
li

er
#

F
1

8
X

2
3

*
D

1
8

in
te

rn
al

 s
u

rf
ac

e 
re

si
d

u
al

#

H
1

8
X

1
3

*
D

1
8

ex
te

rn
al

 s
u

rf
ac

e 
re

si
d

u
al

#

J1
8

A
B

S
(H

1
8

)+
A

B
S

(F
1

8
)

to
ta

l 
re

si
d

u
al

#

L
1

8
J1

8
/D

1
8

to
ta

l 
n

et
 h

ea
t 

tr
an

sf
er

W
/m

²

L
2

1
#

p
re

v
io

u
s 

in
te

rn
al

 s
u

rf
ac

e 
n

et
 h

ea
t 

tr
an

sf
er

W
/m

²

J2
1

#
p

re
v

io
u

s 
in

te
rn

al
 s

u
rf

ac
e 

te
m

p
er

at
u

re
°c

F
2

1
#

cu
rr

en
t 

in
te

rn
al

 s
u

rf
ac

e 
te

m
p

er
at

u
re

°c

D
2

1
IF

(O
R

(F
2

1
-J

2
1

=
0

,L
1

8
-L

2
4

=
0

),
J2

1
,F

2
1

-(
L

1
8

*
(F

2
1

-J
2

1
)/

(L
1

8
-L

2
4

))
)

p
ro

je
ct

ed
 i

n
te

rn
al

 s
u

rf
ac

e 
te

m
p

er
at

u
re

°c

L
2

4
#

p
re

v
io

u
s 

ex
te

rn
al

 s
u

rf
ac

e 
n

et
 h

ea
t 

tr
an

sf
er

W
/m

²

J2
4

#
p

re
v

io
u

s 
ex

te
rn

al
 s

u
rf

ac
e 

te
m

p
er

at
u

re
°c

H
2

4
#

cu
rr

en
t 

ex
te

rn
al

 s
u

rf
ac

e 
te

m
p

er
at

u
re

°c

F
2

4
IF

(O
R

(H
2

4
-J

2
4

=
0

,L
1

8
-L

2
1

=
0

),
J2

4
,H

2
4

-(
L

1
8

*
(H

2
4

-J
2

4
)/

(L
1

8
-L

2
1

))
)

p
ro

je
ct

ed
 e

x
te

rn
al

 s
u

rf
ac

e 
te

m
p

er
at

u
re

°c

D
2

4
#

p
ro

je
ct

ed
 e

x
te

rn
al

 s
u

rf
ac

e 
te

m
p

er
at

u
re

 r
ec

o
rd

°c

B
2

3
O

1
0

+
O

7
-[

M
E

M
M

O
D

3
.X

L
W

]D
A

T
A

.X
L

S
!$

K
$

3
p

re
d

ic
te

d
 i

n
ci

d
en

t 
so

la
r 

ra
d

ia
ti

o
n

 e
rr

o
r

W
/m

²

B
2

4
IF

(F
1

5
=

0
,0

,-
F

1
5

+
F

2
1

)
p

re
d

ic
te

d
 i

n
te

rn
al

 s
u

rf
ac

e 
te

m
p

er
at

u
re

 e
rr

o
r

°c

A
2

:1
.3

C
o

n
tr

o
l 

P
ro

g
ra

m
m

e.

li
n

e
co

d
e

p
u

rp
o

se
u

n
it

s

1
R

ec
o

rd
1

 (
k

)
ru

n
 m

ac
ro

#

2
A

C
T

IV
A

T
E

("
[M

E
M

M
O

D
3

.X
L

W
]M

E
M

M
O

D
3

.X
L

S
")

ac
ti

v
at

e 
ca

lc
u

la
ti

o
n

 s
p

re
ad

 s
h

ee
t

#

3
A

R
R

A
N

G
E

.A
L

L
(4

)
ar

ra
n

g
e 

w
o

rk
b

o
o

k
#

4
A

C
T

IV
A

T
E

("
[M

E
M

M
O

D
3

.X
L

W
]M

E
M

B
R

A
N

E
S

.X
L

S
")

ac
ti

v
at

e 
m

em
b

ra
n

e 
d

at
a 

b
as

e
#

5
IF

([
M

E
M

M
O

D
3

.X
L

W
]M

E
M

B
R

A
N

E
S

.X
L

S
!$

C
$

1
=

0
,G

O
T

O
(A

1
0

))
ch

ec
k

 i
f 

m
em

b
ra

n
e 

ty
p

e 
()

 h
as

 b
ee

n
 s

el
ec

te
d

#

6
S

E
L

E
C

T
("

R
2

C
3

")
se

le
ct

 m
em

b
ra

n
e 

n
am

e
#

7
C

O
P

Y
()

co
p

y
 m

em
b

ra
n

e 
n

am
e

#

8
S

E
L

E
C

T
("

R
1

C
2

")
se

le
ct

 m
em

b
ra

n
e 

n
am

e 
ce

ll
#

9
P

A
S

T
E

.S
P

E
C

IA
L

(2
,1

,F
A

L
S

E
,F

A
L

S
E

)
p

as
te

 m
em

b
ra

n
e 

n
am

e 
in

 m
em

b
ra

n
e 

n
am

e 
ce

ll
#

1
0

IF
([

M
E

M
M

O
D

3
.X

L
W

]M
E

M
B

R
A

N
E

S
.X

L
S

!$
D

$
1

=
0

,G
O

T
O

(A
1

5
))

ch
ec

k
 i

f 
m

em
b

ra
n

e 
ty

p
e 

()
 h

as
 b

ee
n

 s
el

ec
te

d
#

1
1

S
E

L
E

C
T

("
R

2
C

4
")

se
le

ct
 m

em
b

ra
n

e 
n

am
e

#

1
2

C
O

P
Y

()
co

p
y

 m
em

b
ra

n
e 

n
am

e
#

1
3

S
E

L
E

C
T

("
R

1
C

2
")

se
le

ct
 m

em
b

ra
n

e 
n

am
e 

ce
ll

#

1
4

P
A

S
T

E
.S

P
E

C
IA

L
(2

,1
,F

A
L

S
E

,F
A

L
S

E
)

p
as

te
 m

em
b

ra
n

e 
n

am
e 

in
 m

em
b

ra
n

e 
n

am
e 

ce
ll

#

1
5

IF
([

M
E

M
M

O
D

3
.X

L
W

]M
E

M
B

R
A

N
E

S
.X

L
S

!$
E

$
1

=
0

,G
O

T
O

(A
2

0
))

ch
ec

k
 i

f 
m

em
b

ra
n

e 
ty

p
e 

()
 h

as
 b

ee
n

 s
el

ec
te

d
#



1
6

S
E

L
E

C
T

("
R

2
C

5
")

se
le

ct
 m

em
b

ra
n

e 
n

am
e

#

1
7

C
O

P
Y

()
co

p
y

 m
em

b
ra

n
e 

n
am

e
#

1
8

S
E

L
E

C
T

("
R

1
C

2
")

se
le

ct
 m

em
b

ra
n

e 
n

am
e 

ce
ll

#

1
9

P
A

S
T

E
.S

P
E

C
IA

L
(2

,1
,F

A
L

S
E

,F
A

L
S

E
)

p
as

te
 m

em
b

ra
n

e 
n

am
e 

in
 m

em
b

ra
n

e 
n

am
e 

ce
ll

#

2
0

IF
([

M
E

M
M

O
D

3
.X

L
W

]M
E

M
B

R
A

N
E

S
.X

L
S

!$
F

$
1

=
0

,G
O

T
O

(A
2

5
))

ch
ec

k
 i

f 
m

em
b

ra
n

e 
ty

p
e 

()
 h

as
 b

ee
n

 s
el

ec
te

d
#

2
1

S
E

L
E

C
T

("
R

2
C

6
")

se
le

ct
 m

em
b

ra
n

e 
n

am
e

#

2
2

C
O

P
Y

()
co

p
y

 m
em

b
ra

n
e 

n
am

e
#

2
3

S
E

L
E

C
T

("
R

1
C

2
")

se
le

ct
 m

em
b

ra
n

e 
n

am
e 

ce
ll

#

2
4

P
A

S
T

E
.S

P
E

C
IA

L
(2

,1
,F

A
L

S
E

,F
A

L
S

E
)

p
as

te
 m

em
b

ra
n

e 
n

am
e 

in
 m

em
b

ra
n

e 
n

am
e 

ce
ll

#

2
5

IF
([

M
E

M
M

O
D

3
.X

L
W

]M
E

M
B

R
A

N
E

S
.X

L
S

!$
G

$
1

=
0

,G
O

T
O

(A
3

0
))

ch
ec

k
 i

f 
m

em
b

ra
n

e 
ty

p
e 

()
 h

as
 b

ee
n

 s
el

ec
te

d
#

2
6

S
E

L
E

C
T

("
R

2
C

7
")

se
le

ct
 m

em
b

ra
n

e 
n

am
e

#

2
7

C
O

P
Y

()
co

p
y

 m
em

b
ra

n
e 

n
am

e
#

2
8

S
E

L
E

C
T

("
R

1
C

2
")

se
le

ct
 m

em
b

ra
n

e 
n

am
e 

ce
ll

#

2
9

P
A

S
T

E
.S

P
E

C
IA

L
(2

,1
,F

A
L

S
E

,F
A

L
S

E
)

p
as

te
 m

em
b

ra
n

e 
n

am
e 

in
 m

em
b

ra
n

e 
n

am
e 

ce
ll

#

3
0

IF
([

M
E

M
M

O
D

3
.X

L
W

]M
E

M
B

R
A

N
E

S
.X

L
S

!$
H

$
1

=
0

,G
O

T
O

(A
3

5
))

ch
ec

k
 i

f 
m

em
b

ra
n

e 
ty

p
e 

()
 h

as
 b

ee
n

 s
el

ec
te

d
#

3
1

S
E

L
E

C
T

("
R

2
C

8
")

se
le

ct
 m

em
b

ra
n

e 
n

am
e

#

3
2

C
O

P
Y

()
co

p
y

 m
em

b
ra

n
e 

n
am

e
#

3
3

S
E

L
E

C
T

("
R

1
C

2
")

se
le

ct
 m

em
b

ra
n

e 
n

am
e 

ce
ll

#

3
4

P
A

S
T

E
.S

P
E

C
IA

L
(2

,1
,F

A
L

S
E

,F
A

L
S

E
)

p
as

te
 m

em
b

ra
n

e 
n

am
e 

in
 m

em
b

ra
n

e 
n

am
e 

ce
ll

#

3
5

IF
([

M
E

M
M

O
D

3
.X

L
W

]M
E

M
B

R
A

N
E

S
.X

L
S

!$
I$

1
=

0
,G

O
T

O
(A

4
0

))
ch

ec
k

 i
f 

m
em

b
ra

n
e 

ty
p

e 
()

 h
as

 b
ee

n
 s

el
ec

te
d

#

3
6

S
E

L
E

C
T

("
R

2
C

9
")

se
le

ct
 m

em
b

ra
n

e 
n

am
e

#

3
7

C
O

P
Y

()
co

p
y

 m
em

b
ra

n
e 

n
am

e
#

3
8

S
E

L
E

C
T

("
R

1
C

2
")

se
le

ct
 m

em
b

ra
n

e 
n

am
e 

ce
ll

#

3
9

P
A

S
T

E
.S

P
E

C
IA

L
(2

,1
,F

A
L

S
E

,F
A

L
S

E
)

p
as

te
 m

em
b

ra
n

e 
n

am
e 

in
 m

em
b

ra
n

e 
n

am
e 

ce
ll

#

4
0

IF
([

M
E

M
M

O
D

3
.X

L
W

]M
E

M
B

R
A

N
E

S
.X

L
S

!$
J$

1
=

0
,G

O
T

O
(A

4
5

))
ch

ec
k

 i
f 

m
em

b
ra

n
e 

ty
p

e 
()

 h
as

 b
ee

n
 s

el
ec

te
d

#

4
1

S
E

L
E

C
T

("
R

2
C

1
0

")
se

le
ct

 m
em

b
ra

n
e 

n
am

e
#

4
2

C
O

P
Y

()
co

p
y

 m
em

b
ra

n
e 

n
am

e
#

4
3

S
E

L
E

C
T

("
R

1
C

2
")

se
le

ct
 m

em
b

ra
n

e 
n

am
e 

ce
ll

#

4
4

P
A

S
T

E
.S

P
E

C
IA

L
(2

,1
,F

A
L

S
E

,F
A

L
S

E
)

p
as

te
 m

em
b

ra
n

e 
n

am
e 

in
 m

em
b

ra
n

e 
n

am
e 

ce
ll

#

4
5

A
C

T
IV

A
T

E
("

[M
E

M
M

O
D

3
.X

L
W

]M
E

M
M

O
D

3
.X

L
S

")
ac

ti
v

at
e 

ca
lc

u
la

ti
o

n
 s

p
re

ad
 s

h
ee

t
#

4
6

A
R

R
A

N
G

E
.A

L
L

(4
)

ar
ra

n
g

e 
w

o
rk

b
o

o
k

#

4
7

A
C

T
IV

A
T

E
("

[M
E

M
M

O
D

3
.X

L
W

]S
IT

E
.X

L
S

")
ac

ti
v

at
e 

si
te

 d
at

a 
b

as
e

#

4
8

IF
([

M
E

M
M

O
D

3
.X

L
W

]S
IT

E
.X

L
S

!$
C

$
1

=
0

,G
O

T
O

(A
5

3
))

ch
ec

k
 i

f 
si

te
 (

) 
h

as
 b

ee
n

 s
el

ec
te

d
#

4
9

S
E

L
E

C
T

("
R

2
C

3
")

se
le

ct
 s

it
e 

n
am

e
#

5
0

C
O

P
Y

()
co

p
y

 s
it

e 
n

am
e

#

5
1

S
E

L
E

C
T

("
R

1
C

2
")

se
le

ct
 s

it
e 

n
am

e 
ce

ll
#



5
2

P
A

S
T

E
.S

P
E

C
IA

L
(2

,1
,F

A
L

S
E

,F
A

L
S

E
)

p
as

te
 s

it
e 

n
am

e 
in

 s
it

e 
n

am
e 

ce
ll

#

5
3

IF
([

M
E

M
M

O
D

3
.X

L
W

]S
IT

E
.X

L
S

!$
D

$
1

=
0

,G
O

T
O

(A
5

8
))

ch
ec

k
 i

f 
si

te
 (

) 
h

as
 b

ee
n

 s
el

ec
te

d
#

5
4

S
E

L
E

C
T

("
R

2
C

4
")

se
le

ct
 s

it
e 

n
am

e
#

5
5

C
O

P
Y

()
co

p
y

 s
it

e 
n

am
e

#

5
6

S
E

L
E

C
T

("
R

1
C

2
")

se
le

ct
 s

it
e 

n
am

e 
ce

ll
#

5
7

P
A

S
T

E
.S

P
E

C
IA

L
(2

,1
,F

A
L

S
E

,F
A

L
S

E
)

p
as

te
 s

it
e 

n
am

e 
in

 s
it

e 
n

am
e 

ce
ll

#

5
8

IF
([

M
E

M
M

O
D

3
.X

L
W

]S
IT

E
.X

L
S

!$
E

$
1

=
0

,G
O

T
O

(A
6

3
))

ch
ec

k
 i

f 
si

te
 (

) 
h

as
 b

ee
n

 s
el

ec
te

d
#

5
9

S
E

L
E

C
T

("
R

2
C

5
")

se
le

ct
 s

it
e 

n
am

e
#

6
0

C
O

P
Y

()
co

p
y

 s
it

e 
n

am
e

#

6
1

S
E

L
E

C
T

("
R

1
C

2
")

se
le

ct
 s

it
e 

n
am

e 
ce

ll
#

6
2

P
A

S
T

E
.S

P
E

C
IA

L
(2

,1
,F

A
L

S
E

,F
A

L
S

E
)

p
as

te
 s

it
e 

n
am

e 
in

 s
it

e 
n

am
e 

ce
ll

#

6
3

IF
([

M
E

M
M

O
D

3
.X

L
W

]S
IT

E
.X

L
S

!$
F

$
1

=
0

,G
O

T
O

(A
6

8
))

ch
ec

k
 i

f 
si

te
 (

) 
h

as
 b

ee
n

 s
el

ec
te

d
#

6
4

S
E

L
E

C
T

("
R

2
C

6
")

se
le

ct
 s

it
e 

n
am

e
#

6
5

C
O

P
Y

()
co

p
y

 s
it

e 
n

am
e

#

6
6

S
E

L
E

C
T

("
R

1
C

2
")

se
le

ct
 s

it
e 

n
am

e 
ce

ll
#

6
7

P
A

S
T

E
.S

P
E

C
IA

L
(2

,1
,F

A
L

S
E

,F
A

L
S

E
)

p
as

te
 s

it
e 

n
am

e 
in

 s
it

e 
n

am
e 

ce
ll

#

6
8

IF
([

M
E

M
M

O
D

3
.X

L
W

]S
IT

E
.X

L
S

!$
G

$
1

=
0

,G
O

T
O

(A
7

3
))

ch
ec

k
 i

f 
si

te
 (

) 
h

as
 b

ee
n

 s
el

ec
te

d
#

6
9

S
E

L
E

C
T

("
R

2
C

7
")

se
le

ct
 s

it
e 

n
am

e
#

7
0

C
O

P
Y

()
co

p
y

 s
it

e 
n

am
e

#

7
1

S
E

L
E

C
T

("
R

1
C

2
")

se
le

ct
 s

it
e 

n
am

e 
ce

ll
#

7
2

P
A

S
T

E
.S

P
E

C
IA

L
(2

,1
,F

A
L

S
E

,F
A

L
S

E
)

p
as

te
 s

it
e 

n
am

e 
in

 s
it

e 
n

am
e 

ce
ll

#

7
3

A
C

T
IV

A
T

E
("

[M
E

M
M

O
D

3
.X

L
W

]M
E

M
M

O
D

3
.X

L
S

")
ac

ti
v

at
e 

ca
lc

u
la

ti
o

n
 s

p
re

ad
 s

h
ee

t
#

7
4

S
E

L
E

C
T

("
R

2
1

C
1

0
")

se
le

ct
 m

em
b

ra
n

e 
in

te
rn

al
 s

u
rf

ac
e 

st
ar

t 
te

m
p

#

7
5

F
O

R
M

U
L

A
("

1
8

")
se

t 
to

 1
8

#

7
6

S
E

L
E

C
T

("
R

2
4

C
1

0
")

se
le

ct
 m

em
b

ra
n

e 
ex

te
rn

al
 s

u
rf

ac
e 

st
ar

t 
te

m
p

#

7
7

F
O

R
M

U
L

A
("

1
8

")
se

t 
to

 1
8

#

7
8

A
C

T
IV

A
T

E
("

[M
E

M
M

O
D

3
.X

L
W

]M
E

M
M

O
D

3
.X

L
S

")
se

le
ct

 c
al

cu
la

ti
o

n
 s

p
re

ad
 s

h
ee

t
#

7
9

S
E

L
E

C
T

("
R

1
C

1
")

o
ri

en
ta

te
 d

is
p

la
y

#

8
0

S
E

L
E

C
T

("
R

2
C

4
")

se
le

ct
 i

n
n

er
 i

te
ra

ti
o

n
 z

er
o

 v
al

u
e

#

8
1

C
O

P
Y

()
co

p
y

#

8
2

S
E

L
E

C
T

("
R

3
C

1
2

")
se

le
ct

 i
n

n
er

 i
te

ra
ti

o
n

 n
u

m
b

er
 c

el
l

#

8
3

P
A

S
T

E
.S

P
E

C
IA

L
(3

,1
,F

A
L

S
E

,F
A

L
S

E
)

p
as

te
 v

al
u

e 
ze

ro
 o

n
 f

o
r 

in
n

er
 i

te
ra

ti
o

n
 n

u
m

b
er

#

8
4

G
O

A
L

.S
E

E
K

("
R

1
8

C
8

",
0

,"
R

2
4

C
8

")
g

o
al

.s
ee

k
 a

 (
ex

te
rn

al
 s

u
rf

ac
e 

te
m

p
er

at
u

re
)

#

8
5

S
E

L
E

C
T

("
R

1
8

C
1

2
")

se
le

ct
 e

x
t 

p
o

w
er

 e
x

ch
an

g
e

#

8
6

C
O

P
Y

()
co

p
y

#

8
7

S
E

L
E

C
T

("
R

2
1

C
1

2
")

se
le

ct
 e

x
t 

p
o

w
er

 e
x

ch
an

g
e 

re
co

rd
 c

el
l

#



8
8

P
A

S
T

E
.S

P
E

C
IA

L
(3

,1
,F

A
L

S
E

,F
A

L
S

E
)

p
as

te
 r

es
id

u
al

#

8
9

S
E

L
E

C
T

("
R

2
4

C
8

")
se

le
ct

 s
o

lv
ed

 e
x

t 
st

ar
t 

te
m

p
#

9
0

C
O

P
Y

()
co

p
y

#

9
1

S
E

L
E

C
T

("
R

2
4

C
1

0
")

se
le

ct
 p

re
v

io
u

s 
st

ar
t 

te
m

p
 c

el
l

#

9
2

P
A

S
T

E
.S

P
E

C
IA

L
(3

,1
,F

A
L

S
E

,F
A

L
S

E
)

p
as

te
 s

o
lv

ed
 t

em
p

#

9
3

G
O

A
L

.S
E

E
K

("
R

1
8

C
6

",
0

,"
R

2
1

C
6

")
g

o
al

.s
ee

k
 b

 (
in

te
rn

al
 s

u
rf

ac
e 

te
m

p
er

at
u

re
)

#

9
4

S
E

L
E

C
T

("
R

1
8

C
1

2
")

se
le

ct
 i

n
t 

p
o

w
er

 e
x

ch
an

g
e

#

9
5

C
O

P
Y

()
co

p
y

#

9
6

S
E

L
E

C
T

("
R

2
4

C
1

2
")

se
le

ct
 i

n
t 

p
o

w
er

 e
x

ch
an

g
e 

re
co

rd
 c

el
l

#

9
7

P
A

S
T

E
.S

P
E

C
IA

L
(3

,1
,F

A
L

S
E

,F
A

L
S

E
)

p
as

te
 r

es
id

u
al

#

9
8

S
E

L
E

C
T

("
R

2
1

C
6

")
se

le
ct

 s
o

lv
ed

 i
n

t 
st

ar
t 

te
m

p
#

9
9

C
O

P
Y

()
co

p
y

#

1
0

0
S

E
L

E
C

T
("

R
2

1
C

1
0

")
se

le
ct

 p
re

v
io

u
s 

st
ar

t 
te

m
p

 c
el

l
#

1
0

1
P

A
S

T
E

.S
P

E
C

IA
L

(3
,1

,F
A

L
S

E
,F

A
L

S
E

)
p

as
te

 s
o

lv
ed

 t
em

p
#

1
0

2
S

E
L

E
C

T
("

R
2

C
5

")
se

le
ct

 n
ew

 i
n

n
er

 i
te

ra
ti

o
n

 n
u

m
b

er
#

1
0

3
C

O
P

Y
()

co
p

y
 v

al
u

e
#

1
0

4
S

E
L

E
C

T
("

R
3

C
1

2
")

se
le

ct
 i

n
n

er
 i

te
ra

ti
o

n
 n

u
m

b
er

 c
el

l
#

1
0

5
P

A
S

T
E

.S
P

E
C

IA
L

(3
,1

,F
A

L
S

E
,F

A
L

S
E

)
p

as
te

 v
al

u
e

#

1
0

6
G

O
A

L
.S

E
E

K
("

R
1

8
C

8
",

0
,"

R
2

4
C

8
")

g
o

al
.s

ee
k

 a
 (

ex
te

rn
al

 s
u

rf
ac

e 
te

m
p

er
at

u
re

)
#

1
0

7

IF
([

M
E

M
M

O
D

3
.X

L
W

]M
E

M
M

O
D

3
.X

L
S

!$
L

$
1

8
-

[M
E

M
M

O
D

3
.X

L
W

]M
E

M
M

O
D

3
.X

L
S

!$
L

$
2

1
=

0
,G

O
T

O
(A

1
1

2
),

G
O

T
O

(A
1

0
8

))
ch

ec
k

 i
f 

d
if

fe
re

n
ce

 b
et

w
ee

n
 n

ew
 a

n
d

 o
ld

 r
es

id
u

al
s 

=
 0

#

1
0

8
S

E
L

E
C

T
("

R
2

4
C

6
")

se
le

ct
 p

ro
je

ct
ed

 e
q

u
il

ib
ri

u
m

s 
 t

em
p

#

1
0

9
C

O
P

Y
()

co
p

y
#

1
1

0
S

E
L

E
C

T
("

R
2

4
C

4
")

se
le

ct
 e

x
t 

p
ro

je
ct

io
n

 r
ec

o
rd

 c
el

l
#

1
1

1
P

A
S

T
E

.S
P

E
C

IA
L

(3
,1

,F
A

L
S

E
,F

A
L

S
E

)
p

as
te

 
#

1
1

2
G

O
A

L
.S

E
E

K
("

R
1

8
C

6
",

0
,"

R
2

1
C

6
")

g
o

al
.s

ee
k

 b
 (

in
te

rn
al

 s
u

rf
ac

e 
te

m
p

er
at

u
re

)
#

1
1

3

IF
([

M
E

M
M

O
D

3
.X

L
W

]M
E

M
M

O
D

3
.X

L
S

!$
L

$
1

8
-

[M
E

M
M

O
D

3
.X

L
W

]M
E

M
M

O
D

3
.X

L
S

!$
L

$
2

4
=

0
,G

O
T

O
(A

1
2

2
),

G
O

T
O

(A
1

1
4

))
ch

ec
k

 i
f 

d
if

fe
re

n
ce

 b
et

w
ee

n
 n

ew
 a

n
d

 o
ld

 r
es

id
u

al
s 

=
 0

#

1
1

4
S

E
L

E
C

T
("

R
2

1
C

4
")

se
le

ct
 p

ro
je

ct
ed

 e
q

u
il

ib
ri

u
m

 i
n

t 
 t

em
p

#

1
1

5
C

O
P

Y
()

co
p

y
#

1
1

6
S

E
L

E
C

T
("

R
2

1
C

6
")

se
le

ct
 s

ta
rt

 t
em

p
 c

el
l

#

1
1

7
P

A
S

T
E

.S
P

E
C

IA
L

(3
,1

,F
A

L
S

E
,F

A
L

S
E

)
p

as
te

 p
ro

je
ct

io
n

#

1
1

8
S

E
L

E
C

T
("

R
2

4
C

4
")

se
le

ct
 e

x
te

rn
al

 s
u

rf
ac

e 
p

ro
je

ct
io

n
 r

ec
o

rd
#

1
1

9
C

O
P

Y
()

co
p

y
#



1
2

0
S

E
L

E
C

T
("

R
2

4
C

8
")

se
le

ct
 e

x
te

rn
al

 s
u

rf
ac

e 
st

ar
t 

te
m

p
 c

el
l

#

1
2

1
P

A
S

T
E

.S
P

E
C

IA
L

(3
,1

,F
A

L
S

E
,F

A
L

S
E

)
p

as
te

 p
ro

je
ct

io
n

#

1
2

2

IF
([

M
E

M
M

O
D

3
.X

L
W

]M
E

M
M

O
D

3
.X

L
S

!$
L

$
1

8
>

[M
E

M
M

O
D

3
.X

L
W

]M
E

M
M

O
D

3
.X

L
S

!$
B

$
2

1
,G

O
T

O
(A

8
4

),
G

O
T

O
(A

1
2

3
))

ch
ec

k
 f

o
r 

te
rm

in
at

io
n

 r
es

id
u

al
#

1
2

3

IF
([

M
E

M
M

O
D

3
.X

L
W

]M
E

M
M

O
D

3
.X

L
S

!$
K

$
5

>
0

,G
O

T
O

(A
1

2
4

),
G

O
T

O
(A

1
3

7
)

)
ch

ec
k

 f
o

r 
en

d
 t

im
e

#

1
2

4
A

C
T

IV
A

T
E

("
[M

E
M

M
O

D
3

.X
L

W
]D

A
T

A
.X

L
S

")
g

o
to

 d
at

a 
se

ri
es

#

1
2

5
S

E
L

E
C

T
("

R
3

C
2

:R
4

C
2

2
")

se
le

ct
 c

o
m

p
le

te
d

 t
im

e 
st

ep
#

1
2

6
C

O
P

Y
()

co
p

y
 c

o
m

p
le

te
d

 t
im

e 
st

ep
#

1
2

7
S

E
L

E
C

T
("

R
1

C
2

")
h

o
m

e
#

1
2

8
S

E
L

E
C

T
.E

N
D

(4
)

g
o

to
 e

n
d

 o
f 

d
at

a 
se

ri
es

#

1
2

9
P

A
S

T
E

.S
P

E
C

IA
L

(3
,1

,F
A

L
S

E
,F

A
L

S
E

)
p

as
te

 c
o

m
p

le
te

d
 t

im
e 

st
ep

#

1
3

0
S

E
L

E
C

T
("

R
4

C
2

:R
4

C
1

2
")

se
le

ct
 n

ex
t 

ti
m

e 
st

ep
#

1
3

1
C

O
P

Y
()

co
p

y
 n

ex
t 

ti
m

e 
st

ep
#

1
3

2
S

E
L

E
C

T
("

R
3

C
2

")
se

le
ct

 b
eg

in
n

in
g

 o
f 

d
at

a 
se

ri
es

#

1
3

3
P

A
S

T
E

.S
P

E
C

IA
L

(3
,1

,F
A

L
S

E
,F

A
L

S
E

)
p

as
te

 n
ex

t 
ti

m
e 

st
ep

#

1
3

4
S

E
L

E
C

T
("

R
4

C
2

:R
4

C
2

2
")

se
le

ct
 d

u
p

li
ca

te
d

 d
at

a
#

1
3

5
E

D
IT

.D
E

L
E

T
E

(2
)

d
el

et
e 

d
u

p
li

ca
te

d
 d

at
a

#

1
3

6
G

O
T

O
(A

7
8

)
re

p
ea

t
#

1
3

7
W

O
R

K
B

O
O

K
.A

C
T

IV
A

T
E

(,
F

A
L

S
E

)
p

u
t 

fi
n

al
 r

u
n

 a
t 

en
d

 a
n

d
 d

el
et

e 
ex

tr
a 

ro
w

#

1
3

8

W
O

R
K

B
O

O
K

.S
E

L
E

C
T

("
[M

E
M

M
O

D
3

.X
L

W
]D

A
T

A
.X

L
S

",
"[

M
E

M
M

O
D

3
.X

L

W
]D

A
T

A
.X

L
S

")
g

o
to

 w
o

rk
b

o
o

k
 m

en
u

#

1
3

9
W

O
R

K
B

O
O

K
.A

C
T

IV
A

T
E

("
[M

E
M

M
O

D
3

.X
L

W
]D

A
T

A
.X

L
S

",
F

A
L

S
E

)
ac

ti
v

at
e 

d
at

a 
sh

ee
t

#

1
4

0
S

E
L

E
C

T
("

R
3

C
2

:R
3

C
2

2
")

se
le

ct
 l

as
t 

ti
m

e 
se

ri
es

#

1
4

1
C

O
P

Y
()

co
p

y
#

1
4

2
S

E
L

E
C

T
("

R
3

C
2

")
h

o
m

e
#

1
4

3
S

E
L

E
C

T
.E

N
D

(4
)

en
d

#

1
4

4
P

A
S

T
E

.S
P

E
C

IA
L

(3
,1

,F
A

L
S

E
,F

A
L

S
E

)
p

as
te

 l
as

t 
d

at
a 

se
ri

es
 

#

1
4

5
C

A
N

C
E

L
.C

O
P

Y
()

ca
n

ce
l

#

1
4

6
S

E
L

E
C

T
("

R
1

C
1

")
h

o
m

e
#

1
4

7
H

A
L

T
()

en
d

#



A
2

:2
S

O
L

A
R

 M
O

D
E

L
.

A
2

:2
.1

C
a

lc
u

la
ti

o
n

 o
f 

T
h

e 
A

n
g

le
 o

f 
In

ci
d

en
ce

 o
f 

D
ir

ec
t 

B
ea

m
 S

o
la

r 
R

a
d

ia
ti

o
n

 o
n

 t
h

e 
E

x
te

rn
a

l 
S

u
rf

a
ce

 o
f 

th
e 

M
em

b
ra

n
e.

ce
ll

co
d

e
p

u
rp

o
se

u
n

it
s

X
3

0
H

5
0

d
ay

 n
u

m
b

er
#

X
3

3
B

3
4

si
te

 l
o

n
g

it
u

d
e

° 
w

X
3

6
L

5
2

G
M

T
h

:m
:s

V
3

0
3

6
0

*
(X

3
0

-1
)/

3
6

5
.2

4
2

an
g

le
 f

u
n

ct
io

n
 x

°

V
3

3

(-
0

.1
2

8
*

S
IN

((
(X

3
0

*
3

6
0

/3
6

5
.2

5
)-

2
.8

)*
P

I(
)/

1
8

0
))

-

(0
.1

6
5

*
S

IN
((

(2
*

(X
3

0
*

3
6

0
/3

6
5

.2
5

))
+

1
9

.7
)*

P
I(

)/
1

8
0

))
eq

u
at

io
n

 o
f 

ti
m

e 
h

:m
:s

V
3

6
(X

3
6

-(
X

3
3

/(
1

5
*

2
4

))
)+

(V
3

3
/2

4
)

so
la

r 
ti

m
e

h
:m

:s

T
3

0
2

3
.4

5
*

(S
IN

((
2

8
0

.1
+

(0
.9

8
6

3
*

X
3

0
))

*
P

I(
)/

1
8

0
))

so
la

r 
d

ec
li

n
at

io
n

 
°

T
3

3
D

3
4

si
te

 l
at

it
u

d
e 

° 
n

T
3

6
1

5
*

A
B

S
(1

2
-2

4
*

V
3

6
)

h
o

u
r 

an
g

le
 

°

R
3

3

A
S

IN
((

C
O

S
(T

3
3

*
P

I(
)/

1
8

0
)*

C
O

S
(T

3
0

*
P

I(
)/

1
8

0
)*

C
O

S
(T

3
6

*
P

I(
)/

1
8

0
))

+
(S

IN
(T

3

3
*

P
I(

)/
1

8
0

)*
S

IN
(T

3
0

*
P

I(
)/

1
8

0
))

)
so

la
r 

al
ti

tu
d

e
ra

d
ia

n
s

P
3

3
R

3
3

*
1

8
0

/P
I(

)
so

la
r 

al
ti

tu
d

e
d

eg
re

es

T
3

9
A

S
IN

(C
O

S
(T

3
0

*
P

I(
)/

1
8

0
)*

S
IN

(T
3

6
*

P
I(

)/
1

8
0

)/
C

O
S

(R
3

3
))

so
la

r 
az

im
u

th
ra

d
ia

n
s

R
3

9
T

3
9

*
1

8
0

/P
I(

)
co

n
v

er
t 

so
la

r 
az

im
u

th
 

°

P
3

9
IF

((
V

3
6

<
0

.5
),

-R
3

9
,R

3
9

)
co

rr
ec

t 
so

la
r 

az
im

u
th

°

X
4

0
D

3
7

su
rf

ac
e 

in
cl

in
at

io
n

 f
ro

m
 h

o
ri

zo
n

ta
l

°

X
4

3
B

3
7

su
rf

ac
e 

az
im

u
th

° 
w

 o
f 

s

V
4

3

A
C

O
S

((
C

O
S

(R
3

3
)*

C
O

S
((

P
3

9
-

X
4

3
)*

P
I(

)/
1

8
0

))
*

S
IN

(X
4

0
*

P
I(

)/
1

8
0

)+
S

IN
(R

3
3

)*
C

O
S

(X
4

0
*

P
I(

)/
1

8
0

))
an

g
le

 o
f 

in
ci

d
en

ce
 o

n
 m

em
b

ra
n

e 
su

rf
ac

e
ra

d
ia

n
s

T
4

3
V

4
3

*
1

8
0

/P
I(

)
co

n
v

er
t 

in
ci

d
en

ce
 o

n
 s

u
rf

ac
e

°

R
4

3
9

0
-T

4
3

su
rf

ac
e 

so
la

r 
al

ti
tu

d
e

°

A
2

:2
.2

C
a

lc
u

la
ti

o
n

 o
f 

th
e 

C
o

m
p

o
si

ti
o

n
 o

f 
S

o
la

r 
R

a
d

ia
ti

o
n

 I
n

ci
d

en
t 

o
n

 t
h

e 
E

x
te

rn
a

l 
S

u
rf

a
ce

 o
f 

th
e 

M
em

b
ra

n
e.

ce
ll

co
d

e
p

u
rp

o
se

u
n

it
s

O
5

7

(-
2

4
.4

4
6

5
*

S
IN

(R
3

3
))

+
(1

5
4

.0
1

7
*

((
S

IN
(R

3
3

))
^2

))
+

(-

7
4

2
.1

8
1

*
((

S
IN

(R
3

3
))

^3
))

+
(2

2
6

3
.3

6
*

((
S

IN
(R

3
3

))
^4

))
+

(-

3
8

0
4

.8
9

*
((

S
IN

(R
3

3
))

^5
))

+
(2

2
6

1
.0

5
*

((
S

IN
(R

3
3

))
^6

))
e 

co
n

st
an

t 
su

m
#



Q
5

7
E

X
P

(O
6

0
*

((
-0

.0
0

1
7

*
O

6
0

)-
0

.1
1

7
2

))
*

E
X

P
(3

.6
7

9
8

5
+

O
5

7
)

ai
r 

m
as

s 
(a

lt
it

u
d

e<
1

0
)

#

O
6

0
F

3
4

/1
0

0
0

si
te

 e
le

v
at

io
n

 
k

m

Q
6

0
E

X
P

(O
6

0
*

((
-0

.0
0

1
7

*
O

6
0

)-
0

.1
1

7
4

))
/S

IN
(S

5
7

*
P

I(
)/

1
8

0
)

ai
r 

m
as

s 
(a

lt
it

u
d

e>
1

0
)

#

S
6

0
IF

(P
3

3
<

1
0

,Q
5

7
,Q

6
0

)
ai

r 
m

as
s

#

S
5

7
P

3
3

so
la

r 
al

ti
tu

d
e

°

U
5

7
(2

*
P

I(
)*

L
5

1
)/

3
6

6
w

#

U
5

8
1

i 
1

#

U
5

9
2

i 
2

#

U
6

0
3

i 
3

#

V
5

8
C

O
S

($
U

$
5

7
*

U
5

8
*

P
I(

)/
1

8
0

)
co

sw
i

ra
d

ia
n

s

V
5

9
C

O
S

($
U

$
5

7
*

U
5

9
*

P
I(

)/
1

8
0

)
co

sw
i

ra
d

ia
n

s

V
6

0
C

O
S

($
U

$
5

7
*

U
6

0
*

P
I(

)/
1

8
0

)
co

sw
i

ra
d

ia
n

s

X
6

0

1
0

.4
4

+
(-

6
.4

6
8

*
V

5
8

)+
(-

3
.4

9
2

*
V

5
8

)+
(1

.0
5

6
*

V
5

9
)+

(2
.0

4
9

*
V

5
9

)+
(-

0
.1

2
8

*
V

6
0

)+
(0

.5
7

9
*

V
6

0
)

at
m

o
sp

h
er

ic
 p

re
ci

p
it

ab
le

 w
at

er
 c

o
n

te
n

t
m

m

V
6

3
0

i 
 

#

W
6

3
1

i 
 

#

X
6

3
2

i 
 

#

Y
6

3
3

i 
 

#

U
6

4
0

b
#

U
6

5
1

b
#

U
6

6
2

b
#

V
6

4
-0

.1
2

9
6

4
1

w
#

V
6

5
0

.0
0

4
1

2
8

2
8

w
#

V
6

6
-0

.0
1

1
2

0
9

6
w

#

W
6

4
-0

.0
6

4
2

1
1

1
w

#

W
6

5
-0

.0
0

8
0

1
0

4
6

w
#

W
6

6
0

.0
1

5
3

0
6

9
w

#

X
6

4
-0

.0
0

4
6

8
8

3
w

#

X
6

5
-0

.0
0

2
2

0
4

1
4

w
#

X
6

6
-0

.0
0

4
2

9
8

1
8

w
#

Y
6

4
0

.0
0

0
8

4
4

0
9

7
w

#

Y
6

5
-0

.0
0

0
1

9
1

4
4

2
w

#

Y
6

6
0

.0
0

0
3

7
4

1
7

6
w

#

V
6

7

((
V

6
4

*
($

X
$

6
0

^$
U

$
6

4
))

+
(V

6
5

*
($

X
$

6
0

^$
U

$
6

5
))

+
(V

6
6

*
($

X
$

6
0

^$
U

$
6

6
))

)*
($

S

$
6

0
^V

6
3

)
b

w
#

W
6

7

((
W

6
4

*
($

X
$

6
0

^$
U

$
6

4
))

+
(W

6
5

*
($

X
$

6
0

^$
U

$
6

5
))

+
(W

6
6

*
($

X
$

6
0

^$
U

$
6

6
))

)*
($

S
$

6
0

^W
6

3
)

b
w

#



X
6

7

((
X

6
4

*
($

X
$

6
0

^$
U

$
6

4
))

+
(X

6
5

*
($

X
$

6
0

^$
U

$
6

5
))

+
(X

6
6

*
($

X
$

6
0

^$
U

$
6

6
))

)*
($

S

$
6

0
^X

6
3

)
b

w
#

Y
6

7

((
Y

6
4

*
($

X
$

6
0

^$
U

$
6

4
))

+
(Y

6
5

*
($

X
$

6
0

^$
U

$
6

5
))

+
(Y

6
6

*
($

X
$

6
0

^$
U

$
6

6
))

)*
($

S

$
6

0
^Y

6
3

)
b

w
#

O
6

4
K

8
1

-0
.8

5
+

2
.2

5
*

S
IN

(R
3

3
)-

1
.1

1
*

(S
IN

(R
3

3
))

^2
co

rr
ec

te
d

 t
u

rb
id

it
y

#

Q
6

4
-0

.1
2

8
tu

rb
id

it
y

 c
o

ef
fi

ci
en

t
#

O
6

7
1

3
5

3
so

la
r 

co
n

st
an

t
W

/m
²

Q
6

7
O

6
7

*
(1

+
(0

.0
3

3
*

C
O

S
((

(3
6

0
-L

5
1

)/
3

6
5

)*
P

I(
)/

1
8

0
))

)
co

rr
ec

te
d

 s
o

la
r 

co
n

st
an

t
W

/m
²

S
6

4
IF

(H
3

1
>

0
,E

X
P

(V
6

7
+

W
6

7
+

X
6

7
+

Y
6

7
)*

E
X

P
(-

Q
6

4
*

S
6

0
),

0
)

in
so

la
ti

o
n

 /
 e

x
te

rn
al

 i
rr

ad
ia

n
ce

ra
ti

o

S
6

7
IF

(P
3

3
>

0
,S

6
4

*
Q

6
7

,0
)

th
eo

re
ti

ca
l 

d
ir

ec
t 

n
o

rm
al

 s
o

la
r 

ra
d

ia
ti

o
n

W
/m

²

O
6

9
0

i
#

P
6

9
1

i
#

Q
6

9
2

i
#

R
6

9
3

i
#

S
6

9
4

i
#

T
6

9
5

i
#

U
6

9
6

i
#

V
6

9
7

i
#

P
7

0
4

7
.3

8
2

f
#

Q
7

0
2

9
.6

7
1

f
#

R
7

0
-1

5
.8

6
2

1
f

#

S
7

0
4

.3
4

6
3

f
#

T
7

0
-0

.5
7

7
6

4
f

#

U
7

0
0

.0
3

4
7

2
f

#

V
7

0
-0

.0
0

0
7

3
6

2
f

#

P
7

1
B

1
9

5
*

((
$

P
$

3
3

/1
0

)^
A

1
9

5
)

f 
su

m
#

Q
7

1
B

1
9

6
*

((
$

P
$

3
3

/1
0

)^
A

1
9

6
)

f 
su

m
#

R
7

1
B

1
9

7
*

((
$

P
$

3
3

/1
0

)^
A

1
9

7
)

f 
su

m
#

S
7

1
B

1
9

8
*

((
$

P
$

3
3

/1
0

)^
A

1
9

8
)

f 
su

m
#

T
7

1
B

1
9

9
*

((
$

P
$

3
3

/1
0

)^
A

1
9

9
)

f 
su

m
#

U
7

1
B

2
0

0
*

((
$

P
$

3
3

/1
0

)^
A

2
0

0
)

f 
su

m
#

V
7

1
B

2
0

1
*

((
$

P
$

3
3

/1
0

)^
A

2
0

1
)

f 
su

m
#

O
7

2
2

9
7

g
#

P
7

1
1

.8
3

1
3

g
#

Q
7

1
-3

.7
0

8
2

g
#

R
7

1
4

.1
2

3
3

g
#



S
7

1
-0

.6
4

0
9

g
#

T
7

1
0

.0
2

8
5

5
g

#

O
7

3
O

7
2

*
((

$
P

$
3

3
/1

0
)^

O
6

9
)

g
su

m
#

P
7

3
P

7
2

*
((

$
P

$
3

3
/1

0
)^

P
6

9
)

g
su

m
#

Q
7

3
Q

7
2

*
((

$
P

$
3

3
/1

0
)^

Q
6

9
)

g
su

m
#

R
7

3
R

7
2

*
((

$
P

$
3

3
/1

0
)^

R
6

9
)

g
su

m
#

S
7

3
S

7
2

*
((

$
P

$
3

3
/1

0
)^

S
6

9
)

g
su

m
#

T
7

3
T

7
2

*
((

$
P

$
3

3
/1

0
)^

T
6

9
)

g
su

m
#

O
7

6

(P
7

1
+

Q
7

1
+

R
7

1
+

S
7

1
+

T
7

1
+

U
7

1
+

V
7

1
)*

(1
+

(0
.0

3
3

*
C

O
S

((
(3

6
0

-

L
5

1
)/

3
7

0
)*

P
I(

)/
1

8
0

))
)

f 
co

ef
fi

ci
en

t
#

Q
7

6
(1

0
^-

3
)*

(O
7

3
+

P
7

3
+

Q
7

3
+

R
7

3
+

S
7

3
+

T
7

3
)*

S
6

7
*

S
IN

(R
3

3
)

g
 c

o
ef

fi
ci

en
t

#

O
7

9
IF

((
2

+
O

7
6

-Q
7

6
)>

0
,(

2
+

O
7

6
-Q

7
6

),
0

)
cl

ea
r 

sk
y

 d
if

fu
se

 s
o

la
r 

ra
d

ia
ti

o
n

W
/m

²

O
8

2
S

6
7

*
S

IN
(S

5
7

*
P

I(
)/

1
8

0
)

th
eo

re
ti

ca
l 

d
ir

ec
t 

h
o

ri
zo

n
ta

l 
so

la
r 

ra
d

ia
ti

o
n

W
/m

²

Q
8

2
O

7
9

+
O

8
2

th
eo

re
ti

ca
l 

cl
ea

r 
sk

y
 h

o
ri

zo
n

ta
l 

g
lo

b
al

 s
o

la
r 

ra
d

ia
ti

o
n

W
/m

²

Q
7

9
IF

(H
3

1
>

0
,H

3
1

,0
)

m
ea

su
re

d
 h

o
ri

zo
n

ta
l 

g
lo

b
al

 s
o

la
r 

ra
d

ia
ti

o
n

W
/m

²

S
7

9
IF

(A
N

D
(H

3
1

>
0

,P
3

3
>

0
),

Q
7

9
/Q

8
2

,0
)

m
ea

su
re

d
 s

o
la

r 
ra

d
ia

ti
o

n
 /

 c
al

cu
la

te
d

 s
o

la
r 

ra
d

ia
ti

o
n

ra
ti

o

S
8

1
IF

(S
7

9
<

0
.4

,0
.9

4
,(

1
.2

9
-(

1
.1

9
*

S
7

9
))

/(
1

-(
0

.3
3

4
*

S
7

9
))

)
cl

o
u

d
 c

o
v

er
 c

o
rr

ec
ti

o
n

ra
ti

o

S
8

2
IF

(S
7

9
>

1
,0

.1
5

,S
8

1
)

cl
o

u
d

 c
o

v
er

 c
o

rr
ec

ti
o

n
ra

ti
o

U
8

2

IF
(P

3
3

<
4

,0
,S

8
2

*
Q

7
9

*
0

.5
*

(1
+

C
O

S
(0

))
*

(1
+

(1
-

((
S

8
2

*
Q

7
9

)^
2

/Q
7

9
^2

))
*

((
S

IN
(0

))
^3

))
*

(1
+

(1
-(

(S
8

2
*

Q
7

9
)^

2
/Q

7
9

^2
))

*
((

S
IN

((
9

0
-

P
3

3
)*

P
I(

)/
1

8
0

))
^3

))
)

h
o

ri
zo

n
ta

l 
d

if
fu

se
 s

o
la

r 
ra

d
ia

ti
o

n
W

/m
²

U
7

9
IF

(P
3

3
<

4
,0

,Q
7

9
-U

8
2

)
h

o
ri

zo
n

ta
l 

d
ir

ec
t 

b
ea

m
 s

o
la

r 
ra

d
ia

ti
o

n
W

/m
²

S
7

6
X

4
0

an
g

le
 o

f 
in

cl
in

at
io

n
°

U
7

6

IF
(U

7
9

*
S

IN
((

1
8

0
-R

4
3

)*
P

I(
)/

1
8

0
)/

S
IN

(R
3

3
)<

0
,0

,U
7

9
*

S
IN

((
1

8
0

-

R
4

3
)*

P
I(

)/
1

8
0

)/
S

IN
(R

3
3

))
d

ir
ec

t 
b

ea
m

 s
o

la
r 

in
te

n
si

ty
 o

n
 m

em
b

ra
n

e 
su

rf
ac

e
W

/m
²

W
8

2

IF
(P

3
3

>
0

,S
8

2
*

Q
7

9
*

0
.5

*
(1

+
C

O
S

(S
7

6
*

P
I(

)/
1

8
0

))
*

(1
+

(1
-

((
S

8
2

*
Q

7
9

)^
2

/Q
7

9
^2

))
*

((
S

IN
(0

.5
*

S
7

6
*

P
I(

)/
1

8
0

))
^3

))
*

(1
+

(1
-

((
S

8
2

*
Q

7
9

)^
2

/Q
7

9
^2

))
*

((
S

IN
((

9
0

-P
3

3
)*

P
I(

)/
1

8
0

))
^3

))
,0

)
in

ci
d

en
t 

sk
y

 d
if

fu
se

 s
o

la
r 

ra
d

ia
ti

o
n

W
/m

²

Y
7

0
(E

4
1

*
0

.3
2

)+
(E

4
2

*
0

.2
3

)+
(E

4
3

*
0

.2
5

)+
(E

4
4

*
0

.2
)+

(E
4

5
*

0
.1

4
)+

(E
4

6
*

0
.1

)
su

rr
o

u
n

d
in

g
 d

if
fu

se
 r

ef
le

ct
W

/m
²

Y
7

3
U

8
9

*
U

1
0

3
*

Y
7

0
o

b
st

ru
ct

io
n

s 
d

if
fu

se
 s

o
la

r 
re

fl
ec

ti
o

n
W

/m
²

Y
7

6
U

7
9

*
T

1
0

3
*

Y
7

0
g

ro
u

n
d

 d
if

fu
se

 s
o

la
r 

re
fl

ec
ti

o
n

W
/m

²

Y
8

2
U

7
9

*
T

1
0

3
*

L
4

7
g

ro
u

n
d

 r
ef

le
ct

an
ce

 o
f 

d
ir

ec
t 

b
ea

m
 s

o
la

r 
ra

d
ia

ti
o

n
W

/m
²

Y
7

9
Y

8
2

+
Y

7
6

+
Y

7
3

to
ta

l 
so

la
r 

re
fl

ec
ti

o
n

 o
f 

su
rr

o
u

n
d

in
g

s
W

/m
²

W
7

9
IF

((
W

8
2

+
Y

7
9

)>
0

,W
8

2
+

Y
7

9
,0

)
to

ta
l 

in
ci

d
en

t 
d

if
fu

se
 s

o
la

r 
ra

d
ia

ti
o

n
W

/m
²

W
7

6
IF

(U
7

6
>

0
,U

7
6

+
W

7
9

,W
7

9
)

to
ta

l 
in

ci
d

en
t 

so
la

r 
ra

d
ia

ti
o

n
W

/m
²



X
4

7
A

C
O

S
(-

T
A

N
(T

3
0

*
P

I(
)/

1
8

0
)*

T
A

N
(T

3
3

*
P

I(
)/

1
8

0
))

su
n

se
t 

h
o

u
r 

an
g

le
ra

d
ia

n
s

V
4

7
T

3
3

*
P

I(
)/

1
8

0
la

ti
tu

d
e

ra
d

ia
n

s

T
4

7
T

3
0

*
P

I(
)/

1
8

0
d

ec
li

n
at

io
n

ra
d

ia
n

s

R
4

7
2

5
sh

ad
o

w
b

an
d

 r
in

g
 r

ad
iu

s
cm

P
4

7
5

sh
ad

o
w

b
an

d
 r

in
g

 w
id

th
cm

P
5

0

2
*

P
4

7
*

C
O

S
(T

4
7

)*
(S

IN
(V

4
7

)*
S

IN
(T

4
7

*
X

4
7

)+
C

O
S

(V
4

7
)*

C
O

S
(T

4
7

)*
S

IN
(X

4
7

))
/(

R
4

7
*

P
I(

))
ar

ea
 o

b
st

ru
ct

ed
 b

y
 s

h
ad

o
w

b
an

d
ra

ti
o

R
5

0
[M

E
M

M
O

D
3

.X
L

W
]D

A
T

A
.X

L
S

!$
K

$
3

m
o

n
it

o
re

d
 h

o
ri

zo
n

ta
l 

d
if

fu
se

 s
o

la
r 

ra
d

ia
ti

o
n

W
/m

²

T
5

0
R

5
0

*
(1

/(
1

-P
5

0
))

co
rr

ec
te

d
 h

o
ri

zo
n

ta
l 

d
if

fu
se

 s
o

la
r 

ra
d

ia
ti

o
n

W
/m

²

V
5

0
U

8
2

p
re

d
ic

te
d

 h
o

ri
zo

n
ta

l 
d

if
fu

se
 s

o
la

r 
ra

d
ia

ti
o

n
W

/m
²

X
5

0
V

5
0

-T
5

0
p

re
d

ic
ti

o
n

 e
rr

o
r

W
/m

²

A
2

:2
.3

C
a

lc
u

la
ti

o
n

 o
f 

th
e 

C
o

m
p

o
si

ti
o

n
 o

f 
S

o
la

r 
R

a
d

ia
ti

o
n

 I
n

ci
d

en
t 

o
n

 t
h

e 
In

te
rn

a
l 

S
u

rf
a

ce
 o

f 
th

e 
M

em
b

ra
n

e.

ce
ll

co
d

e
p

u
rp

o
se

u
n

it
s

T
1

2
4

H
5

6
cu

rv
ed

 e
n

v
el

o
p

e
#

O
1

3
9

IF
(H

3
1

>
0

,H
3

1
*

F
6

2
/1

0
0

,0
)

cu
rv

ed
 s

u
rf

ac
e 

re
p

re
se

n
ta

ti
v

e 
so

la
r 

tr
an

sm
is

si
o

n
ra

ti
o

Q
1

3
9

IF
(H

3
1

>
0

,O
6

+
P

6
,0

)
te

st
 c

el
l 

so
la

r 
tr

an
sm

is
si

o
n

ra
ti

o

O
1

3
5

IF
([

M
E

M
M

O
D

3
.X

L
W

]S
IT

E
.X

L
S

!$
B

$
1

2
=

1
,O

1
4

6
,O

1
4

9
)

so
la

r 
ra

d
ia

ti
o

n
 t

ra
n

sm
it

te
d

 t
o

 i
n

te
ri

o
r

W
/m

²

O
1

3
1

1
o

v
er

al
l 

v
ie

w
 f

ac
to

r
ra

ti
o

Q
1

2
7

J3
4

ap
p

ro
x

im
at

e 
re

fl
ec

ti
v

it
y

 o
f 

in
te

ri
o

r
ra

ti
o

Q
1

3
1

F
6

5
m

em
b

ra
n

e 
d

if
fu

se
 r

ef
le

ct
iv

it
y

ra
ti

o

O
1

2
7

H
6

2
m

em
b

ra
n

e 
d

if
fu

se
 s

o
la

r 
ab

so
rp

ti
v

it
y

ra
ti

o

Q
1

3
5

F
6

2
m

em
b

ra
n

e 
d

if
fu

se
 s

o
la

r 
tr

an
sm

is
si

o
n

ra
ti

o

T
1

2
8

1
re

fl
ec

ti
o

n
 n

u
m

b
er

#

T
1

2
9

2
re

fl
ec

ti
o

n
 n

u
m

b
er

#

T
1

3
0

3
re

fl
ec

ti
o

n
 n

u
m

b
er

#

T
1

3
1

4
re

fl
ec

ti
o

n
 n

u
m

b
er

#

T
1

3
2

5
re

fl
ec

ti
o

n
 n

u
m

b
er

#

T
1

3
3

6
re

fl
ec

ti
o

n
 n

u
m

b
er

#

T
1

3
4

7
re

fl
ec

ti
o

n
 n

u
m

b
er

#

T
1

3
5

8
re

fl
ec

ti
o

n
 n

u
m

b
er

#

T
1

3
6

9
re

fl
ec

ti
o

n
 n

u
m

b
er

#

T
1

3
7

1
0

re
fl

ec
ti

o
n

 n
u

m
b

er
#

U
1

2
8

O
1

3
5

re
m

ai
n

in
g

 i
n

te
rn

al
 s

o
la

r 
ra

d
ia

ti
o

n
W

/m
²

U
1

2
9

U
1

2
8

-V
1

2
8

-W
1

2
8

-X
1

2
8

re
m

ai
n

in
g

 i
n

te
rn

al
 s

o
la

r 
ra

d
ia

ti
o

n
W

/m
²



U
1

3
0

U
1

2
9

-V
1

2
9

-W
1

2
9

-(
$

Q
$

1
3

5
*

U
1

2
9

/1
0

0
)

re
m

ai
n

in
g

 i
n

te
rn

al
 s

o
la

r 
ra

d
ia

ti
o

n
W

/m
²

U
1

3
1

U
1

3
0

-V
1

3
0

-W
1

3
0

-(
$

Q
$

1
3

5
*

U
1

3
0

/1
0

0
)

re
m

ai
n

in
g

 i
n

te
rn

al
 s

o
la

r 
ra

d
ia

ti
o

n
W

/m
²

U
1

3
2

U
1

3
1

-V
1

3
1

-W
1

3
1

-(
$

Q
$

1
3

5
*

U
1

3
1

/1
0

0
)

re
m

ai
n

in
g

 i
n

te
rn

al
 s

o
la

r 
ra

d
ia

ti
o

n
W

/m
²

U
1

3
3

U
1

3
2

-V
1

3
2

-W
1

3
2

-(
$

Q
$

1
3

5
*

U
1

3
2

/1
0

0
)

re
m

ai
n

in
g

 i
n

te
rn

al
 s

o
la

r 
ra

d
ia

ti
o

n
W

/m
²

U
1

3
4

U
1

3
3

-V
1

3
3

-W
1

3
3

-(
$

Q
$

1
3

5
*

U
1

3
3

/1
0

0
)

re
m

ai
n

in
g

 i
n

te
rn

al
 s

o
la

r 
ra

d
ia

ti
o

n
W

/m
²

U
1

3
5

U
1

3
4

-V
1

3
4

-W
1

3
4

-(
$

Q
$

1
3

5
*

U
1

3
4

/1
0

0
)

re
m

ai
n

in
g

 i
n

te
rn

al
 s

o
la

r 
ra

d
ia

ti
o

n
W

/m
²

U
1

3
6

U
1

3
5

-V
1

3
5

-W
1

3
5

-(
$

Q
$

1
3

5
*

U
1

3
5

/1
0

0
)

re
m

ai
n

in
g

 i
n

te
rn

al
 s

o
la

r 
ra

d
ia

ti
o

n
W

/m
²

U
1

3
7

U
1

3
6

-V
1

3
6

-W
1

3
6

-(
$

Q
$

1
3

5
*

U
1

3
6

/1
0

0
)

re
m

ai
n

in
g

 i
n

te
rn

al
 s

o
la

r 
ra

d
ia

ti
o

n
W

/m
²

V
1

2
8

U
1

2
8

*
(1

-$
Q

$
1

2
7

)
en

cl
o

se
d

 s
p

ac
e 

so
la

r 
ab

so
rp

ta
n

ce
W

/m
²

V
1

2
9

U
1

2
9

*
(1

-$
Q

$
1

2
7

)
en

cl
o

se
d

 s
p

ac
e 

so
la

r 
ab

so
rp

ta
n

ce
W

/m
²

V
1

3
0

U
1

3
0

*
(1

-$
Q

$
1

2
7

)
en

cl
o

se
d

 s
p

ac
e 

so
la

r 
ab

so
rp

ta
n

ce
W

/m
²

V
1

3
1

U
1

3
1

*
(1

-$
Q

$
1

2
7

)
en

cl
o

se
d

 s
p

ac
e 

so
la

r 
ab

so
rp

ta
n

ce
W

/m
²

V
1

3
2

U
1

3
2

*
(1

-$
Q

$
1

2
7

)
en

cl
o

se
d

 s
p

ac
e 

so
la

r 
ab

so
rp

ta
n

ce
W

/m
²

V
1

3
3

U
1

3
3

*
(1

-$
Q

$
1

2
7

)
en

cl
o

se
d

 s
p

ac
e 

so
la

r 
ab

so
rp

ta
n

ce
W

/m
²

V
1

3
4

U
1

3
4

*
(1

-$
Q

$
1

2
7

)
en

cl
o

se
d

 s
p

ac
e 

so
la

r 
ab

so
rp

ta
n

ce
W

/m
²

V
1

3
5

U
1

3
5

*
(1

-$
Q

$
1

2
7

)
en

cl
o

se
d

 s
p

ac
e 

so
la

r 
ab

so
rp

ta
n

ce
W

/m
²

V
1

3
6

U
1

3
6

*
(1

-$
Q

$
1

2
7

)
en

cl
o

se
d

 s
p

ac
e 

so
la

r 
ab

so
rp

ta
n

ce
W

/m
²

V
1

3
7

U
1

3
7

*
(1

-$
Q

$
1

2
7

)
en

cl
o

se
d

 s
p

ac
e 

so
la

r 
ab

so
rp

ta
n

ce
W

/m
²

W
1

2
8

(U
1

2
8

-V
1

2
8

)*
($

O
$

1
2

7
/1

0
0

)
m

em
b

ra
n

e 
in

te
rn

al
 s

o
la

r 
ab

so
rp

ta
n

ce
W

/m
²

W
1

2
9

(U
1

2
9

-V
1

2
9

)*
($

O
$

1
2

7
/1

0
0

)
m

em
b

ra
n

e 
in

te
rn

al
 s

o
la

r 
ab

so
rp

ta
n

ce
W

/m
²

W
1

3
0

(U
1

3
0

-V
1

3
0

)*
($

O
$

1
2

7
/1

0
0

)
m

em
b

ra
n

e 
in

te
rn

al
 s

o
la

r 
ab

so
rp

ta
n

ce
W

/m
²

W
1

3
1

(U
1

3
1

-V
1

3
1

)*
($

O
$

1
2

7
/1

0
0

)
m

em
b

ra
n

e 
in

te
rn

al
 s

o
la

r 
ab

so
rp

ta
n

ce
W

/m
²

W
1

3
2

(U
1

3
2

-V
1

3
2

)*
($

O
$

1
2

7
/1

0
0

)
m

em
b

ra
n

e 
in

te
rn

al
 s

o
la

r 
ab

so
rp

ta
n

ce
W

/m
²

W
1

3
3

(U
1

3
3

-V
1

3
3

)*
($

O
$

1
2

7
/1

0
0

)
m

em
b

ra
n

e 
in

te
rn

al
 s

o
la

r 
ab

so
rp

ta
n

ce
W

/m
²

W
1

3
4

(U
1

3
4

-V
1

3
4

)*
($

O
$

1
2

7
/1

0
0

)
m

em
b

ra
n

e 
in

te
rn

al
 s

o
la

r 
ab

so
rp

ta
n

ce
W

/m
²

W
1

3
5

(U
1

3
5

-V
1

3
5

)*
($

O
$

1
2

7
/1

0
0

)
m

em
b

ra
n

e 
in

te
rn

al
 s

o
la

r 
ab

so
rp

ta
n

ce
W

/m
²

W
1

3
6

(U
1

3
6

-V
1

3
6

)*
($

O
$

1
2

7
/1

0
0

)
m

em
b

ra
n

e 
in

te
rn

al
 s

o
la

r 
ab

so
rp

ta
n

ce
W

/m
²

W
1

3
7

(U
1

3
7

-V
1

3
7

)*
($

O
$

1
2

7
/1

0
0

)
m

em
b

ra
n

e 
in

te
rn

al
 s

o
la

r 
ab

so
rp

ta
n

ce
W

/m
²

X
1

2
8

(U
1

2
8

-V
1

2
8

)*
($

Q
$

1
3

5
/1

0
0

)
re

 t
ra

n
sm

it
te

d
 s

o
la

r 
ra

d
ia

ti
o

n
W

/m
²

X
1

2
9

(U
1

2
9

-V
1

2
9

)*
($

Q
$

1
3

5
/1

0
0

)
re

 t
ra

n
sm

it
te

d
 s

o
la

r 
ra

d
ia

ti
o

n
W

/m
²

X
1

3
0

(U
1

3
0

-V
1

3
0

)*
($

Q
$

1
3

5
/1

0
0

)
re

 t
ra

n
sm

it
te

d
 s

o
la

r 
ra

d
ia

ti
o

n
W

/m
²

X
1

3
1

(U
1

3
1

-V
1

3
1

)*
($

Q
$

1
3

5
/1

0
0

)
re

 t
ra

n
sm

it
te

d
 s

o
la

r 
ra

d
ia

ti
o

n
W

/m
²

X
1

3
2

(U
1

3
2

-V
1

3
2

)*
($

Q
$

1
3

5
/1

0
0

)
re

 t
ra

n
sm

it
te

d
 s

o
la

r 
ra

d
ia

ti
o

n
W

/m
²

X
1

3
3

(U
1

3
3

-V
1

3
3

)*
($

Q
$

1
3

5
/1

0
0

)
re

 t
ra

n
sm

it
te

d
 s

o
la

r 
ra

d
ia

ti
o

n
W

/m
²

X
1

3
4

(U
1

3
4

-V
1

3
4

)*
($

Q
$

1
3

5
/1

0
0

)
re

 t
ra

n
sm

it
te

d
 s

o
la

r 
ra

d
ia

ti
o

n
W

/m
²

X
1

3
5

(U
1

3
5

-V
1

3
5

)*
($

Q
$

1
3

5
/1

0
0

)
re

 t
ra

n
sm

it
te

d
 s

o
la

r 
ra

d
ia

ti
o

n
W

/m
²



X
1

3
6

(U
1

3
6

-V
1

3
6

)*
($

Q
$

1
3

5
/1

0
0

)
re

 t
ra

n
sm

it
te

d
 s

o
la

r 
ra

d
ia

ti
o

n
W

/m
²

X
1

3
7

(U
1

3
7

-V
1

3
7

)*
($

Q
$

1
3

5
/1

0
0

)
re

 t
ra

n
sm

it
te

d
 s

o
la

r 
ra

d
ia

ti
o

n
W

/m
²

V
1

3
9

S
U

M
(V

1
2

8
:V

1
3

7
)

to
ta

l 
sp

ac
e 

ab
so

rp
ta

n
ce

W
/m

²

W
1

3
9

S
U

M
(W

1
2

8
:W

1
3

7
)

to
ta

l 
m

em
b

ra
n

e 
ab

so
rp

ta
n

ce
W

/m
²

X
1

3
9

S
U

M
(X

1
2

8
:X

1
3

7
)

to
ta

l 
re

 t
ra

n
sm

it
te

d
 s

o
la

r 
ra

d
ia

ti
o

n
W

/m
²

T
1

3
9

U
1

2
8

-V
1

3
9

-W
1

3
9

-X
1

3
9

ze
ro

 r
es

id
u

al
 c

h
ec

k
W

/m
²

A
2

:3
H

E
A

T
 T

R
A

N
S

F
E

R
 M

O
D

E
L

.

A
2

:3
.1

C
a

lc
u

la
ti

o
n

 o
f 

th
e 

E
x

te
rn

a
l 

S
u

rf
a

ce
 L

o
n

g
 W

a
v

e 
In

fr
a

 R
ed

 R
a

d
ia

ti
o

n
 H

ea
t 

T
ra

n
sf

er
.

ce
ll

co
d

e
p

u
rp

o
se

u
n

it
s

W
9

5
1

8
0

-X
4

3
o

b
st

ru
ct

io
n

 s
u

rf
ac

e 
az

im
u

th
°

W
9

2

9
0

-(
A

C
O

S
((

C
O

S
(R

3
3

)*
C

O
S

((
P

3
9

-

W
9

5
)*

P
I(

)/
1

8
0

))
*

S
IN

(9
0

*
P

I(
)/

1
8

0
)+

S
IN

(R
3

3
)*

C
O

S
(9

0
*

P
I(

)/
1

8
0

))
)*

1
8

0
/P

I(
)

o
b

st
ru

ct
io

n
 s

u
rf

ac
e 

so
la

r 
al

ti
tu

d
e

°

W
8

9

IF
(U

7
9

*
S

IN
((

1
8

0
-W

9
2

)*
P

I(
)/

1
8

0
)/

S
IN

(R
3

3
)<

0
,0

,U
7

9
*

S
IN

((
1

8
0

-

W
9

2
)*

P
I(

)/
1

8
0

)/
S

IN
(R

3
3

))
o

b
st

ru
ct

io
n

 s
u

rf
ac

e 
in

ci
d

en
t 

d
ir

ec
t 

b
ea

m
 s

o
la

r 
ra

d
ia

ti
o

n
W

/m
²

Y
9

5
0

.5
*

(Q
7

9
*

L
4

7
)

o
b

st
ru

ct
io

n
 s

u
rf

ac
e 

in
ci

d
en

t 
g

ro
u

n
d

 r
ef

le
ct

ed
 s

o
la

r 
W

/m
²

Y
9

2

IF
(Q

7
9

=
0

,0
,(

U
8

2
*

(0
.5

*
(1

+
C

O
S

(9
0

*
P

I(
)/

1
8

0
))

)*
(1

+
(1

-

(U
8

2
^2

/Q
7

9
^2

))
*

(S
IN

(0
.5

*
9

0
*

P
I(

)/
1

8
0

))
^3

)*
(1

+
(1

-(
U

8
2

^2
/Q

7
9

^2
))

*
(S

IN
((

9
0

-

P
3

3
)*

P
I(

)/
1

8
0

))
^3

))
)

o
b

st
ru

ct
io

n
 s

u
rf

ac
e 

in
ci

d
en

t 
sk

y
 d

if
fu

se
 s

o
la

r 
ra

d
ia

ti
o

n
W

/m
²

Y
8

9
IF

((
Y

9
2

+
Y

9
5

)>
0

,(
Y

9
2

+
Y

9
5

),
0

)
o

b
st

ru
ct

io
n

 s
u

rf
ac

e 
in

ci
d

en
t 

d
if

fu
se

 s
o

la
r 

ra
d

ia
ti

o
n

W
/m

²

U
8

9
Y

8
9

+
W

8
9

o
b

st
ru

ct
io

n
 s

u
rf

ac
e 

in
ci

d
en

t 
so

la
r 

ra
d

ia
ti

o
n

W
/m

²

T
8

9
H

3
1

H
o

ri
zo

n
ta

l 
g

lo
b

al
 s

o
ar

 r
ad

ia
ti

o
n

W
/m

²

S
9

0
E

4
1

n
ew

 c
o

n
cr

et
e 

v
ie

w
 f

ac
to

r
ra

ti
o

S
9

1
E

4
2

o
ld

 c
o

n
cr

et
e 

v
ie

w
 f

ac
to

r
ra

ti
o

S
9

2
E

4
3

g
ra

ss
 v

ie
w

 f
ac

to
r

ra
ti

o

S
9

3
E

4
4

cr
u

sh
ed

 r
o

ck
 v

ie
w

 f
ac

to
r

ra
ti

o

S
9

4
E

4
5

b
it

u
m

en
 a

n
d

 g
ra

v
el

 r
o

o
f 

v
ie

w
 f

ac
to

r
ra

ti
o

S
9

5
E

4
6

b
it

u
m

en
 r

o
ad

 s
u

rf
ac

e 
v

ie
w

 f
ac

to
r

ra
ti

o

T
9

0
(-

1
+

(6
*

T
$

8
9

/1
2

0
0

))
*

$
S

9
0

n
ew

 c
o

n
cr

et
e 

g
ro

u
n

d
 t

em
p

er
at

u
re

°c

T
9

1
(-

1
+

(8
*

T
$

8
9

/1
2

0
0

))
*

$
S

9
1

o
ld

 c
o

n
cr

et
e 

g
ro

u
n

d
 t

em
p

er
at

u
re

°c

T
9

2
(-

2
+

(7
*

T
$

8
9

/1
2

0
0

))
*

$
S

9
2

g
ra

ss
 g

ro
u

n
d

 t
em

p
er

at
u

re
°c

T
9

3
(0

+
(1

7
*

T
$

8
9

/1
2

0
0

))
*

$
S

9
3

cr
u

sh
ed

 r
o

ck
 g

ro
u

n
d

 t
em

p
er

at
u

re
°c



T
9

4
(0

+
(1

8
*

T
$

8
9

/1
2

0
0

))
*

$
S

9
4

b
it

u
m

en
 a

n
d

 g
ra

v
el

 r
o

o
f 

g
ro

u
n

d
 t

em
p

er
at

u
re

°c

T
9

5
(0

+
(2

0
*

T
$

8
9

/1
2

0
0

))
*

$
S

9
5

b
it

u
m

en
 r

o
ad

 s
u

rf
ac

e 
g

ro
u

n
d

 t
em

p
er

at
u

re
°c

U
9

0
(-

2
+

(6
*

U
$

8
9

/1
2

0
0

))
*

$
S

9
0

n
ew

 c
o

n
cr

et
e 

o
b

st
ru

ct
io

n
 t

em
p

er
at

u
re

°c

U
9

1
(-

1
+

(8
*

U
$

8
9

/1
2

0
0

))
*

$
S

9
1

o
ld

 c
o

n
cr

et
e 

o
b

st
ru

ct
io

n
 t

em
p

er
at

u
re

°c

U
9

2
(-

2
+

(7
*

U
$

8
9

/1
2

0
0

))
*

$
S

9
2

g
ra

ss
 o

b
st

ru
ct

io
n

 t
em

p
er

at
u

re
°c

U
9

3
(0

+
(1

7
*

U
$

8
9

/1
2

0
0

))
*

$
S

9
3

cr
u

sh
ed

 r
o

ck
 o

b
st

ru
ct

io
n

 t
em

p
er

at
u

re
°c

U
9

4
(0

+
(1

8
*

U
$

8
9

/1
2

0
0

))
*

$
S

9
4

b
it

u
m

en
 a

n
d

 g
ra

v
el

 r
o

o
f 

o
b

st
ru

ct
io

n
 t

em
p

er
at

u
re

°c

U
9

5
(0

+
(2

0
*

U
$

8
9

/1
2

0
0

))
*

$
S

9
5

b
it

u
m

en
 r

o
ad

 s
u

rf
ac

e 
o

b
st

ru
ct

io
n

 t
em

p
er

at
u

re
°c

T
9

7
S

U
M

(T
9

0
:T

9
5

)
g

ro
u

n
d

 t
em

p
 i

n
cr

ea
se

 a
b

o
v

e 
ai

r 
te

m
p

°c

U
9

7
S

U
M

(U
9

0
:U

9
5

)
o

b
st

ru
ct

io
n

 t
em

p
er

at
u

re
 i

n
cr

ea
se

 a
b

o
v

e 
ai

r 
te

m
p

er
at

u
re

°c

P
9

8
F

3
1

+
2

7
3

sc
re

en
 a

ir
 t

em
p

er
at

u
re

 
°K

Q
9

8
IF

(P
3

3
>

4
,(

S
8

2
-0

.1
5

)/
0

.7
9

,F
5

6
)

cl
o

u
d

 c
o

v
er

 c
o

rr
ec

ti
o

n
ra

ti
o

O
1

0
1

1
.0

6
*

(5
.6

6
9

7
*

1
0

^-
8

)*
(P

9
8

^4
)-

1
1

9
cl

ea
r 

sk
y

 l
o

n
g

 w
av

e 
in

fr
a 

re
d

 r
ad

ia
ti

o
n

W
/m

²

P
1

0
1

O
1

0
1

/(
5

.6
6

9
7

*
1

0
^-

8
*

(P
9

8
^4

))
cl

ea
r 

sk
y

 e
m

is
si

v
it

y
ra

ti
o

Q
1

0
1

(1
-0

.8
4

*
Q

9
8

)*
P

1
0

1
+

(0
.8

4
*

Q
9

8
)

cl
o

u
d

 b
as

e 
em

is
si

v
it

y
ra

ti
o

R
1

0
1

Q
1

0
1

*
(5

.6
6

9
7

*
1

0
^-

8
)*

(P
9

8
^4

)
cl

o
u

d
y

 s
k

y
 l

o
n

g
 w

av
e 

in
fr

a 
re

d
 r

ad
ia

ti
o

n
W

/m
²

S
1

0
1

(R
1

0
1

/(
5

.6
6

9
7

*
(1

0
^-

8
))

)^
0

.2
5

eq
u

iv
al

en
t 

b
la

ck
 b

o
d

y
 s

k
y

 t
em

p
er

at
u

re
°K

T
1

0
1

P
9

8
+

T
9

7
g

ro
u

n
d

 t
em

p
er

at
u

re
°K

U
1

0
1

P
9

8
+

U
9

7
o

b
st

ru
ct

io
n

 t
em

p
er

at
u

re
°K

Y
1

0
3

D
3

7
m

em
b

ra
n

e 
in

cl
in

at
io

n
°

W
1

0
3

H
3

4
av

er
ag

e 
v

ie
w

 a
n

g
le

 o
f 

o
b

st
ru

ct
io

n
s 

ab
o

v
e 

h
o

ri
zo

n
°

S
1

0
3

1
-U

1
0

3
-T

1
0

3
sk

y
 v

ie
w

 f
ac

to
r

ra
ti

o

T
1

0
3

Y
1

0
3

/1
8

0
g

ro
u

n
d

 v
ie

w
 f

ac
to

r
ra

ti
o

U
1

0
3

W
1

0
3

/9
0

o
b

st
ru

ct
io

n
 v

ie
w

 f
ac

to
r

ra
ti

o

S
1

0
6

((
S

1
0

3
*

S
1

0
1

^4
)+

(T
1

0
3

*
T

1
0

1
^4

)+
(U

1
0

3
*

U
1

0
1

^4
))

^0
.2

5
eq

u
iv

al
en

t 
te

m
p

er
at

u
re

ra
ti

o

U
1

0
6

I5
6

m
em

b
ra

n
e 

em
m

is
si

v
it

y
ra

ti
o

W
1

0
6

D
3

1
+

2
7

3
ex

te
rn

al
 s

u
rf

ac
e 

te
m

p
er

at
u

re
°K

Y
1

0
6

U
1

0
6

*
(5

.6
6

9
7

*
1

0
^-

8
)*

(S
1

0
6

^4
-W

1
0

6
^4

)
n

et
 l

o
n

g
 w

av
e 

ex
ch

an
g

e 
W

/m
²

A
2

:3
.2

C
a

lc
u

la
ti

o
n

 o
f 

th
e 

In
te

rn
a

l 
S

u
rf

a
ce

 L
o

n
g

 W
a

v
e 

In
fr

a
 R

ed
 R

a
d

ia
ti

o
n

 H
ea

t 
T

ra
n

sf
er

.

ce
ll

co
d

e
p

u
rp

o
se

u
n

it
s

Y
1

1
1

L
3

4
sp

ac
e 

in
te

rn
al

 s
u

rf
ac

es
 l

o
n

g
 w

av
e 

in
fr

a 
re

d
 a

b
so

rp
ti

v
it

y
ra

ti
o

U
1

1
1

L
6

2
m

em
b

ra
n

e 
in

te
rn

al
 s

u
rf

ac
e 

em
is

si
v

it
y

ra
ti

o

U
1

1
4

H
3

7
se

lf
 f

ac
in

g
 ?

ra
ti

o

U
1

1
1

(U
1

1
1

*
U

1
1

4
)+

((
1

-U
1

1
4

)*
Y

1
1

1
)

eq
u

iv
al

en
t 

in
te

rn
al

 s
u

rf
ac

es
 e

m
is

si
v

it
y

ra
ti

o



W
1

1
4

1
/(

(1
/W

1
1

1
)+

(1
/W

1
1

1
)-

1
)

em
is

si
v

it
y

 f
ac

to
r

ra
ti

o

Y
1

1
7

B
3

1
m

em
b

ra
n

e 
in

te
rn

al
 s

u
rf

ac
e 

te
m

p
er

at
u

re
°c

W
1

2
0

J3
7

sp
ac

e 
in

te
rn

al
 s

u
rf

ac
e 

eq
u

iv
al

en
t 

te
m

p
er

at
u

re
°c

Y
1

1
4

W
1

1
4

*
((

(2
7

3
+

W
1

2
0

)^
4

)-
((

Y
1

1
7

+
2

7
3

)^
4

))
*

5
.6

7
*

1
0

^-
8

lo
n

g
 w

av
e 

in
fr

a 
re

d
 r

ad
ia

ti
o

n
 s

u
rf

ac
e 

ex
ch

an
g

e
W

/m
²

Q
1

1
5

R
1

0
1

ex
te

rn
al

 s
k

y
  
lo

n
g

 w
av

e 
ra

d
ia

ti
o

n
W

/m
²

R
1

1
5

0
.9

4
5

*
(5

.6
6

9
7

*
1

0
^-

8
)*

(T
1

0
1

^4
)

ex
te

rn
al

 g
ro

u
n

d
 l

o
n

g
 w

av
e 

ra
d

ia
ti

o
n

W
/m

²

S
1

1
5

0
.9

4
5

*
(5

.6
6

9
7

*
1

0
^-

8
)*

(T
1

0
1

^4
)

ex
te

rn
al

 o
b

st
ru

ct
io

n
 l

o
n

g
 w

av
e 

ra
d

ia
ti

o
n

W
/m

²

Q
1

1
6

Q
1

1
5

*
S

1
0

3
in

ci
d

en
t 

sk
y

 l
o

n
g

 w
av

e 
ra

d
ia

ti
o

n
W

/m
²

R
1

1
6

R
1

1
5

*
T

1
0

3
in

ci
d

en
t 

g
ro

u
n

d
 l

o
n

g
 w

av
e 

ra
d

ia
ti

o
n

W
/m

²

S
1

1
6

S
1

1
5

*
U

1
0

3
in

ci
d

en
t 

o
b

st
ru

ct
io

n
 l

o
n

g
 w

av
e 

ra
d

ia
ti

o
n

W
/m

²

O
1

1
6

S
1

1
6

+
R

1
1

6
+

Q
1

1
6

to
ta

l 
in

ci
d

en
t 

ex
te

rn
al

 l
o

n
g

 w
av

e 
ra

d
ia

ti
o

n
W

/m
²

O
1

1
9

L
6

5

m
em

b
ra

n
e 

lo
n

g
 w

av
e 

in
fr

a 
re

d
 r

ad
ia

ti
o

n
 h

em
is

p
h

er
ic

al
 

tr
an

sm
it

ta
n

ce
ra

ti
o

Q
1

1
9

O
1

1
6

*
O

1
1

9
tr

an
sm

it
te

d
 l

o
n

g
 w

av
e 

ra
d

ia
ti

o
n

W
/m

²

R
1

1
9

Q
1

1
9

*
(1

-W
1

1
1

)
in

te
rn

al
 r

ef
le

ct
io

n
 n

u
m

b
er

 1
W

/m
²

S
1

1
9

R
1

1
9

*
Y

1
1

1
m

em
b

ra
n

e 
ab

so
rp

ti
o

n
W

/m
²

Q
1

2
0

R
1

1
9

*
(1

-Y
1

1
1

-O
1

1
9

)
re

m
ai

n
in

g
 l

o
n

g
 w

av
e 

ra
d

ia
ti

o
n

W
/m

²

R
1

2
0

Q
1

2
0

*
(1

-W
1

1
1

)
re

fl
ec

ti
o

n
 n

u
m

b
er

 2
W

/m
²

S
1

2
0

R
1

2
0

*
(1

-Y
1

1
1

-O
1

1
9

)
m

em
b

ra
n

e 
ab

so
rp

ti
o

n
W

/m
²

U
1

2
0

R
1

2
0

*
(1

-W
1

1
1

)
re

m
ai

n
in

g
 l

o
n

g
 w

av
e 

ra
d

ia
ti

o
n

W
/m

²

U
1

1
7

S
1

1
9

+
S

1
2

0
in

te
rn

al
 i

n
ci

d
en

t 
lo

n
g

 w
av

e 
ab

so
rp

ti
o

n
W

/m
²

W
1

1
7

Y
1

1
4

+
U

1
1

7
to

ta
l 

m
em

b
ra

n
e 

lo
n

g
 w

av
e 

in
fr

a 
re

d
 r

ad
ia

ti
o

n
 a

b
so

rp
ti

o
n

W
/m

²

A
2

:3
.3

C
a

lc
u

la
ti

o
n

 o
f 

th
e 

E
x

te
rn

a
l 

S
u

rf
a

ce
 C

o
n

v
ec

ti
o

n
 H

ea
t 

T
ra

n
sf

er
.

ce
ll

co
d

e
p

u
rp

o
se

u
n

it
s

A
C

7
J3

1
fr

ee
 s

tr
ea

m
 w

in
d

 v
el

o
ci

ty
m

/s

A
C

1
0

L
3

1
fr

ee
 s

tr
ea

m
 d

ir
ec

ti
o

n
° 

w
 o

f 
s

A
C

1
3

X
4

3
su

rf
ac

e 
az

im
u

th
° 

w
 o

f 
s

A
E

1
0

A
C

1
0

-A
C

1
3

co
rr

ec
te

d
 w

in
d

 d
ir

ec
ti

o
n

° 
w

 o
f 

s

A
G

1
0

IF
(A

B
S

(A
E

1
0

)<
1

8
0

,A
E

1
0

,-
(3

6
0

-A
B

S
(A

E
1

0
))

)
re

la
ti

v
e 

w
in

d
 d

ir
ec

ti
o

n
°

A
C

1
6

IF
(A

B
S

(A
G

1
0

)>
9

0
,0

,A
C

7
)

w
in

d
w

ar
d

 s
u

rf
ac

e 
w

in
d

 v
el

o
ci

ty
m

/s

A
C

1
9

IF
(O

R
(A

B
S

(A
G

1
0

)<
9

0
,A

B
S

(A
G

1
0

)=
9

0
),

0
,(

0
.3

+
0

.0
5

*
A

C
7

))
le

ew
ar

d
 s

u
rf

ac
e 

w
in

d
 v

el
o

ci
ty

m
/s

A
F

1
2

0
.5

7
3

9
7

0
4

4
3

co
rr

ec
ti

o
n

 m
u

lt
ip

li
er

#

A
F

1
3

1
.0

8
2

9
3

3
3

0
7

co
rr

ec
ti

o
n

 p
o

w
er

#

A
F

1
6

IF
(A

C
7

=
0

,0
,1

0
^(

((
L

O
G

(A
C

1
6

))
-A

F
1

2
)/

A
F

1
3

))
w

in
d

 s
p

ee
d

 c
o

rr
ec

ti
o

n
m

/s



A
F

1
9

IF
(A

C
1

6
=

0
,A

C
1

9
,A

F
1

6
)

su
rf

ac
e 

w
in

d
 v

el
o

ci
ty

m
/s

A
I7

IF
(A

F
1

9
>

4
.8

8
,0

,1
)

is
 v

<
4

.8
8

 ?
#

A
K

7
IF

(A
F

1
9

<
4

.8
8

,0
,1

)
is

 v
>

4
.8

8
(<

3
0

.4
8

) 
?

#

A
I1

0
0

n
at

u
re

 o
f 

su
rf

ac
e 

(s
m

o
o

th
0

, 
ro

u
g

h
1

)
ra

ti
o

A
I1

3
A

I7
*

((
A

I1
0

*
1

.0
9

)+
((

1
-A

I1
0

)*
0

.9
9

))
a 

if
 v

<
4

.8
8

#

A
J1

3
A

I7
*

((
A

I1
0

*
0

.2
3

)+
((

1
-A

I1
0

)*
0

.2
1

))
b

 i
f 

v
<

4
.8

8
#

A
K

1
3

A
I7

*
1

n
 i

f 
v

<
4

.8
8

#

A
I1

6
0

a 
if

 v
>

4
.8

8
(<

3
0

.4
8

)
#

A
J1

6
A

K
7

*
((

A
I1

0
*

0
.5

3
)+

((
1

-A
I1

0
)*

0
.5

))
b

 i
f 

v
>

4
.8

8
(<

3
0

.4
8

)
#

A
K

1
6

A
K

7
*

0
.7

8
n

 i
f 

v
>

4
.8

8
(<

3
0

.4
8

)
#

A
I1

9
A

I1
6

+
A

I1
3

a
#

A
J1

9
A

J1
6

+
A

J1
3

b
#

A
K

1
9

A
K

1
6

+
A

K
1

3
n

#

A
I2

3
5

.6
7

8
*

(A
I1

9
+

(A
J1

9
*

((
A

F
1

9
/0

.3
0

4
8

)^
A

K
1

9
))

)
ex

te
rn

al
 s

u
rf

ac
e 

co
n

v
ec

ti
v

e 
h

ea
t 

tr
an

sf
er

 c
o

ef
fi

ci
en

t
W

/m
²°

c

A
G

2
3

D
3

1
m

em
b

ra
n

e 
ex

te
rn

al
 s

u
rf

ac
e 

te
m

p
er

at
u

re
°c

A
E

2
3

F
3

1
ex

te
rn

al
 a

ir
 t

em
p

er
at

u
re

°c

A
C

2
3

(A
I2

3
*

(F
3

1
-D

3
1

))
ex

te
rn

al
 s

u
rf

ac
e 

co
n

v
ec

ti
v

e 
h

ea
t 

tr
an

sf
er

 
W

/m
²

A
2

:3
.4

C
a

lc
u

la
ti

o
n

 o
f 

th
e 

In
te

rn
a

l 
S

u
rf

a
ce

 C
o

n
v

ec
ti

o
n

 H
ea

t 
T

ra
n

sf
er

.

ce
ll

co
d

e
p

u
rp

o
se

u
n

it
s

A
C

3
5

[M
E

M
M

O
D

3
.X

L
W

]S
IT

E
.X

L
S

!$
B

$
1

0
v

er
ti

ca
l 

su
rf

ac
e 

ch
ar

ac
te

ri
st

ic
 l

en
g

th
m

A
E

3
5

4
*

[M
E

M
M

O
D

3
.X

L
W

]S
IT

E
.X

L
S

!$
B

$
8

/[
M

E
M

M
O

D
3

.X
L

W
]S

IT
E

.X
L

S
!$

B
$

9
h

o
ri

zo
n

ta
l 

su
rf

ac
e 

ch
ar

ac
te

ri
st

ic
 l

en
g

th
m

A
G

3
5

B
3

1
m

em
b

ra
n

e 
in

te
rn

al
 s

u
rf

ac
e 

te
m

p
er

at
u

re
°c

A
I3

5
(F

3
7

+
A

G
3

5
)/

2
in

te
rn

al
 a

ir
 f

il
m

 t
em

p
er

at
u

re
°c

A
K

3
5

A
B

S
(A

G
3

5
-A

I3
5

)
te

m
p

er
at

u
re

 d
if

fe
re

n
ce

°c

A
I4

3
D

3
7

m
em

b
ra

n
e 

p
an

el
 i

n
cl

in
at

io
n

°

A
D

3
8

1
.5

a 
v

er
ti

ca
l

#

A
E

3
8

1
.2

3
b

 v
er

ti
ca

l
#

A
F

3
8

0
.2

5
p

 v
er

ti
ca

l
#

A
G

3
8

0
.3

3
3

3
3

3
3

3
3

q
 v

er
ti

ca
l

#

A
H

3
8

6
m

 v
er

ti
ca

l
#

A
D

3
9

1
.4

a 
h

o
ri

zo
n

ta
l

#

A
E

3
9

1
.6

3
b

 h
o

ri
zo

n
ta

l
#



A
F

3
9

0
.2

5
p

 h
o

ri
zo

n
ta

l
#

A
G

3
9

0
.3

3
3

3
3

3
3

3
3

q
 h

o
ri

zo
n

ta
l

#

A
H

3
9

6
m

 h
o

ri
zo

n
ta

l
#

A
I3

8

IF
(A

C
3

5
>

0
,(

((
A

D
3

8
*

(A
K

3
5

/A
C

3
5

)^
A

F
3

8
)^

A
H

3
8

)+
((

A
E

3
8

*
(A

K
3

5
^A

G
3

8
))

^A

H
3

8
))

^(
1

/A
H

3
8

),
0

)
v

er
ti

ca
l 

su
rf

ac
e 

h
ea

t 
tr

an
sf

er
 c

o
ef

fi
ci

en
t

W
/m

²o
c

A
I3

9

((
(A

D
3

9
*

(A
K

3
5

/A
E

3
5

)^
A

F
3

9
)^

A
H

3
9

)+
((

A
E

3
9

*
(A

K
3

5
^A

G
3

9
))

^A
H

3
9

))
^(

1
/A

H
3

9
)

h
o

ri
zo

n
ta

l 
su

rf
ac

e 
h

ea
t 

tr
an

sf
er

 c
o

ef
fi

ci
en

t
W

/m
²o

c

A
I4

0
0

.6
*

((
A

K
3

5
/A

E
3

5
^2

)^
0

.2
)

st
ra

ti
fi

ed
 a

ir
 h

ea
t 

tr
an

sf
er

 c
o

ef
fi

ci
en

t
W

/m
²o

c

A
J3

8
A

I4
3

/9
0

v
er

ti
ca

l 
w

ei
g

h
ti

n
g

ra
ti

o

A
J3

9
IF

(A
G

3
5

>
A

I3
5

,0
,(

9
0

-A
I4

3
)/

9
0

)
h

o
ri

zo
n

ta
l 

w
ei

g
h

ti
n

g
ra

ti
o

A
J4

0
IF

(A
G

3
5

>
A

I3
5

,(
9

0
-A

I4
3

)/
9

0
,0

)
st

ra
ti

fi
ed

 w
ei

g
h

ti
n

g
ra

ti
o

A
K

3
8

A
I3

8
*

A
J3

8
v

er
ti

ca
l 

w
ei

g
h

te
d

 v
al

u
e

W
/m

²°
c

A
K

3
9

A
I3

9
*

A
J3

9
h

o
ri

zo
n

ta
l 

w
ei

g
h

te
d

 v
al

u
e

W
/m

²°
c

A
K

4
0

A
I4

0
*

A
J4

0
st

ra
ti

fi
ed

 w
ei

g
h

te
d

 v
al

u
e

W
/m

²°
c

A
K

4
3

S
U

M
(A

K
3

8
:A

K
4

0
)

n
at

u
ra

l 
in

cl
in

ed
 h

ea
t 

tr
an

sf
er

 c
o

ef
fi

ci
en

t
W

/m
²°

c

A
C

4
6

[M
E

M
M

O
D

3
.X

L
W

]D
A

T
A

.X
L

S
!$

C
$

1
fo

rc
ed

 c
o

n
v

ec
ti

o
n

 i
n

te
rn

al
 a

ir
 s

p
ee

d
m

/s

A
E

4
6

2
4

8
.2

6
*

A
C

4
6

/(
2

7
3

.1
6

+
((

A
G

3
5

+
A

I3
5

)/
2

))
v

 t
em

p
er

at
u

re
 c

o
rr

ec
ti

o
n

m
/s

A
G

4
6

5
.6

7
8

*
(0

.9
9

+
0

.2
1

*
(A

E
4

6
/0

.3
0

4
8

))
fo

rc
ed

 c
o

n
v

ec
ti

o
n

 h
ea

t 
tr

an
sf

er
 c

o
ef

fi
ci

en
t

W
/m

²°
c

A
I4

6
IF

(A
C

4
6

>
0

,A
G

4
6

,A
K

4
3

)
se

le
ct

ed
 h

ea
t 

tr
an

sf
er

 c
o

ef
fi

ci
en

t
W

/m
²°

c

A
K

4
6

A
I4

6
*

(A
I3

5
-A

G
3

5
)

in
te

rn
al

 s
u

rf
ac

e 
co

n
v

ec
ti

v
e 

h
ea

t 
tr

an
sf

er
W

/m
²

A
2

:3
.5

C
a

lc
u

la
ti

o
n

 o
f 

th
e 

M
em

b
ra

n
e 

C
o

re
 B

eh
a

v
io

u
r.

ce
ll

co
d

e
p

u
rp

o
se

u
n

it
s

O
1

0
U

7
6

ex
te

rn
al

 i
n

ci
d

en
t 

d
ir

ec
t 

b
ea

m
 s

o
la

r 
ra

d
ia

ti
o

n
W

/m
²

P
1

0
B

6
2

ex
te

rn
al

 i
n

ci
d

en
t 

d
ir

ec
t 

b
ea

m
 s

o
la

r 
tr

an
sm

it
ta

n
ce

W
/m

²

Q
1

0
O

1
0

*
(P

1
0

/1
0

0
)

ex
te

rn
al

 i
n

ci
d

en
t 

tr
an

sm
it

te
d

 d
ir

ec
t 

b
ea

m
 s

o
la

r 
ra

d
ia

ti
o

n
W

/m
²

R
1

0
O

1
0

*
(D

6
2

/1
0

0
)

ex
te

rn
al

 i
n

ci
d

en
t 

ab
so

rb
ed

 d
ir

ec
t 

b
ea

m
 s

o
la

r 
ra

d
ia

ti
o

n
W

/m
²

O
7

W
7

9
ex

te
rn

al
  
in

ci
d

en
t 

d
if

fu
se

 s
o

la
r 

ra
d

ia
ti

o
n

W
/m

²

P
7

F
6

2
ex

te
rn

al
 i

n
ci

d
en

t 
d

if
fu

se
 s

o
la

r 
tr

an
sm

it
ta

n
ce

ra
ti

o

Q
7

O
7

*
(P

7
/1

0
0

)
ex

te
rn

al
 i

n
ci

d
en

t 
tr

an
sm

it
te

d
 d

if
fu

se
 s

o
la

r 
ra

d
ia

ti
o

n
W

/m
²

R
7

O
7

*
(H

6
2

/1
0

0
)

ex
te

rn
al

 i
n

ci
d

en
t 

ab
so

rb
ed

 d
if

fu
se

 s
o

la
r 

ra
d

ia
ti

o
n

W
/m

²

O
4

O
1

3
5

in
te

rn
al

 i
n

ci
d

en
t 

so
la

r 
ra

d
ia

ti
o

n
W

/m
²

P
4

F
6

2
in

te
rn

al
 i

n
ci

d
en

t 
so

la
r 

tr
an

sm
it

ta
n

ce
ra

ti
o

Q
4

X
1

3
9

ef
fe

ct
iv

e 
ex

te
rn

al
 s

o
la

r 
tr

an
sm

it
ta

n
ce

W
/m

²

R
4

W
1

3
9

ef
fe

ct
iv

e 
ex

te
rn

al
 s

o
la

r 
ab

so
rp

ta
n

ce
W

/m
²



V
1

0
IF

(A
N

D
(H

3
1

>
0

,P
3

3
>

0
),

-L
N

(T
1

0
/(

T
8

+
T

1
0

))
/O

1
8

,0
)

ex
te

rn
al

 e
x

ti
n

ct
io

n
 c

o
ef

fi
ci

en
t

W
/g

au
g

e

T
4

H
6

2
ef

fe
ct

iv
e 

in
te

rn
al

 s
o

la
r 

ab
so

rp
ta

n
ce

ra
ti

o

T
6

F
6

2
ef

fe
ct

iv
e 

in
te

rn
al

 s
o

la
r 

tr
an

sm
it

ta
n

ce
ra

ti
o

V
1

0
IF

(H
3

1
>

0
,-

L
N

(T
6

/(
T

6
+

T
4

))
/O

1
8

,0
)

in
te

rn
al

 e
x

ti
n

ct
io

n
 c

o
ef

fi
ci

en
t

W
/g

au
g

e

V
6

S
U

M
(W

1
3

:W
2

3
)-

R
4

-R
7

-R
1

0
ex

ti
n

ct
io

n
 e

rr
o

r
W

/m
²

X
4

X
1

3
9

+
W

1
3

9
ex

te
rn

al
 u

n
re

fl
ec

te
d

 s
o

la
r 

ra
d

ia
ti

o
n

W
/m

²

X
1

0
R

1
0

+
R

7
+

Q
7

+
Q

1
0

in
te

rn
al

 u
n

re
fl

ec
te

d
 s

o
la

r 
ra

d
ia

ti
o

n
W

/m
²

O
1

8
1

g
au

g
e

m
m

P
1

3
0

d
ep

th
 f

ro
m

 o
u

ts
id

e
m

m

P
1

4
P

1
3

+
$

O
$

1
8

/1
0

d
ep

th
 f

ro
m

 o
u

ts
id

e
m

m

P
1

5
P

1
4

+
$

O
$

1
8

/1
0

d
ep

th
 f

ro
m

 o
u

ts
id

e
m

m

P
1

6
P

1
5

+
$

O
$

1
8

/1
0

d
ep

th
 f

ro
m

 o
u

ts
id

e
m

m

P
1

7
1

6
+

$
O

$
1

8
/1

0
d

ep
th

 f
ro

m
 o

u
ts

id
e

m
m

P
1

8
P

1
7

+
$

O
$

1
8

/1
0

d
ep

th
 f

ro
m

 o
u

ts
id

e
m

m

P
1

9
P

1
8

+
$

O
$

1
8

/1
0

d
ep

th
 f

ro
m

 o
u

ts
id

e
m

m

P
2

0
P

1
9

+
$

O
$

1
8

/1
0

d
ep

th
 f

ro
m

 o
u

ts
id

e
m

m

P
2

1
P

2
0

+
$

O
$

1
8

/1
0

d
ep

th
 f

ro
m

 o
u

ts
id

e
m

m

P
2

2
P

2
1

+
$

O
$

1
8

/1
0

d
ep

th
 f

ro
m

 o
u

ts
id

e
m

m

P
2

3
P

2
2

+
$

O
$

1
8

/1
0

d
ep

th
 f

ro
m

 o
u

ts
id

e
m

m

Q
1

3
D

3
1

ex
te

rn
al

 s
u

rf
ac

e 
te

m
p

er
at

u
re

°

Q
1

8
(Q

1
3

+
Q

2
3

)/
2

av
er

ag
e 

te
m

p
er

at
u

re
°

Q
2

3
B

3
1

in
te

rn
al

 s
u

rf
ac

e 
te

m
p

er
at

u
re

°

R
1

3
(Q

2
3

-Q
1

3
)*

R
1

8
*

2
ex

te
rn

al
 s

u
rf

ac
e 

co
n

d
u

ct
io

n
W

/m
²

R
1

8
D

5
9

co
re

 c
o

n
d

u
ct

iv
it

y
W

/m
²°

c

R
2

3
(Q

1
3

-Q
2

3
)*

R
1

8
*

2
in

te
rn

al
 s

u
rf

ac
e 

co
n

d
u

ct
io

n
W

/m
²

S
1

3
Y

1
0

6
ex

te
rn

al
 s

u
rf

ac
e 

lo
n

g
 w

av
e 

ra
d

ia
ti

o
n

 e
x

ch
an

g
e

W
/m

²

S
1

8
S

2
3

+
S

1
3

n
et

 l
o

n
g

 w
av

e 
ra

d
ia

ti
o

n
 e

x
ch

an
g

e
W

/m
²

S
2

3
W

1
1

7
in

te
rn

al
 s

u
rf

ac
e 

lo
n

g
 w

av
e 

ra
d

ia
ti

o
n

 e
x

ch
an

g
e

W
/m

²

T
1

3
A

C
2

3
ex

te
rn

al
 s

u
rf

ac
e 

co
n

v
ec

ti
v

e 
ex

ch
an

g
e

W
/m

²

T
1

8
T

2
3

+
T

1
3

n
et

 c
o

n
v

ec
ti

v
e 

ex
ch

an
g

e
W

/m
²

T
2

3
A

K
4

6
in

te
rn

al
 s

u
rf

ac
e 

co
n

v
ec

ti
v

e 
ex

ch
an

g
e

W
/m

²

U
1

3
1

-E
X

P
(-

$
V

$
4

*
P

1
3

)
ex

te
rn

al
 e

x
ti

n
ct

io
n

W

U
1

4
1

-E
X

P
(-

$
V

$
4

*
P

1
4

)
ex

te
rn

al
 e

x
ti

n
ct

io
n

W

U
1

5
1

-E
X

P
(-

$
V

$
4

*
P

1
5

)
ex

te
rn

al
 e

x
ti

n
ct

io
n

W

U
1

6
1

-E
X

P
(-

$
V

$
4

*
P

1
6

)
ex

te
rn

al
 e

x
ti

n
ct

io
n

W

U
1

7
1

-E
X

P
(-

$
V

$
4

*
P

1
7

)
ex

te
rn

al
 e

x
ti

n
ct

io
n

W



U
1

8
1

-E
X

P
(-

$
V

$
4

*
P

1
8

)
ex

te
rn

al
 e

x
ti

n
ct

io
n

W

U
1

9
1

-E
X

P
(-

$
V

$
4

*
P

1
9

)
ex

te
rn

al
 e

x
ti

n
ct

io
n

W

U
2

0
1

-E
X

P
(-

$
V

$
4

*
P

2
0

)
ex

te
rn

al
 e

x
ti

n
ct

io
n

W

U
2

1
1

-E
X

P
(-

$
V

$
4

*
P

2
1

)
ex

te
rn

al
 e

x
ti

n
ct

io
n

W

U
2

2
1

-E
X

P
(-

$
V

$
4

*
P

2
2

)
ex

te
rn

al
 e

x
ti

n
ct

io
n

W

U
2

3
1

-E
X

P
(-

$
V

$
4

*
P

2
3

)
ex

te
rn

al
 e

x
ti

n
ct

io
n

W

V
1

3
1

-E
X

P
(-

$
V

$
1

0
*

($
O

$
1

8
-P

1
3

))
in

te
rn

al
 e

x
ti

n
ct

io
n

W

V
1

4
1

-E
X

P
(-

$
V

$
1

0
*

($
O

$
1

8
-P

1
4

))
in

te
rn

al
 e

x
ti

n
ct

io
n

W

V
1

5
1

-E
X

P
(-

$
V

$
1

0
*

($
O

$
1

8
-P

1
5

))
in

te
rn

al
 e

x
ti

n
ct

io
n

W

V
1

6
1

-E
X

P
(-

$
V

$
1

0
*

($
O

$
1

8
-P

1
6

))
in

te
rn

al
 e

x
ti

n
ct

io
n

W

V
1

7
1

-E
X

P
(-

$
V

$
1

0
*

($
O

$
1

8
-P

1
7

))
in

te
rn

al
 e

x
ti

n
ct

io
n

W

V
1

8
1

-E
X

P
(-

$
V

$
1

0
*

($
O

$
1

8
-P

1
8

))
in

te
rn

al
 e

x
ti

n
ct

io
n

W

V
1

9
1

-E
X

P
(-

$
V

$
1

0
*

($
O

$
1

8
-P

1
9

))
in

te
rn

al
 e

x
ti

n
ct

io
n

W

V
2

0
1

-E
X

P
(-

$
V

$
1

0
*

($
O

$
1

8
-P

2
0

))
in

te
rn

al
 e

x
ti

n
ct

io
n

W

V
2

1
1

-E
X

P
(-

$
V

$
1

0
*

($
O

$
1

8
-P

2
1

))
in

te
rn

al
 e

x
ti

n
ct

io
n

W

V
2

2
1

-E
X

P
(-

$
V

$
1

0
*

($
O

$
1

8
-P

2
2

))
in

te
rn

al
 e

x
ti

n
ct

io
n

W

V
2

3
1

-E
X

P
(-

$
V

$
1

0
*

($
O

$
1

8
-P

2
3

))
in

te
rn

al
 e

x
ti

n
ct

io
n

W

W
1

3
(V

1
3

-V
1

4
)*

X
4

so
la

r 
ab

so
rp

ti
o

n
W

W
1

4
((

U
1

4
-U

1
3

)*
$

X
$

1
0

)+
((

V
1

4
-V

1
5

)*
$

X
$

4
)

so
la

r 
ab

so
rp

ti
o

n
W

W
1

5
((

U
1

5
-U

1
4

)*
$

X
$

1
0

)+
((

V
1

5
-V

1
6

)*
$

X
$

4
)

so
la

r 
ab

so
rp

ti
o

n
W

W
1

6
((

U
1

6
-U

1
5

)*
$

X
$

1
0

)+
((

V
1

6
-V

1
7

)*
$

X
$

4
)

so
la

r 
ab

so
rp

ti
o

n
W

W
1

7
((

U
1

7
-U

1
6

)*
$

X
$

1
0

)+
((

V
1

7
-V

1
8

)*
$

X
$

4
)

so
la

r 
ab

so
rp

ti
o

n
W

W
1

8
((

U
1

8
-U

1
7

)*
$

X
$

1
0

)+
((

V
1

8
-V

1
9

)*
$

X
$

4
)

so
la

r 
ab

so
rp

ti
o

n
W

W
1

9
((

U
1

9
-U

1
8

)*
$

X
$

1
0

)+
((

V
1

9
-V

2
0

)*
$

X
$

4
)

so
la

r 
ab

so
rp

ti
o

n
W

W
2

0
((

U
2

0
-U

1
9

)*
$

X
$

1
0

)+
((

V
2

0
-V

2
1

)*
$

X
$

4
)

so
la

r 
ab

so
rp

ti
o

n
W

W
2

1
((

U
2

1
-U

2
0

)*
$

X
$

1
0

)+
((

V
2

1
-V

2
2

)*
$

X
$

4
)

so
la

r 
ab

so
rp

ti
o

n
W

W
2

2
((

U
2

2
-U

2
1

)*
$

X
$

1
0

)+
((

V
2

2
-V

2
3

)*
$

X
$

4
)

so
la

r 
ab

so
rp

ti
o

n
W

W
2

3
((

U
2

3
-U

2
2

)*
$

X
$

1
0

)
so

la
r 

ab
so

rp
ti

o
n

W

X
1

3
R

1
3

+
S

1
3

+
W

1
3

+
T

1
3

+
W

1
4

+
W

1
5

+
W

1
6

+
W

1
7

+
(W

1
8

/2
)

ex
te

rn
al

 s
u

rf
ac

e 
n

et
 h

ea
t 

tr
an

sf
er

W
/m

²

X
1

8
S

U
M

(W
1

3
:W

2
3

)+
T

1
3

+
S

1
3

+
S

2
3

+
T

2
3

n
et

 h
ea

t 
tr

an
sf

er
W

/m
²

X
2

3
R

2
3

+
S

2
3

+
T

2
3

+
W

2
3

+
W

2
2

+
W

2
1

+
W

2
0

+
W

1
9

+
(W

1
8

/2
)

in
te

rn
al

 s
u

rf
ac

e 
h

ea
t 

tr
an

sf
er

W
/m

²



A2: APPENDIX 2, MEMBRANE MODEL CODE LISTING. 

301 

A2:4. MODEL CODE SOURCES. 

   

1 Page, Prof. J; Lebens, R (editors), Climate in the UK: A handbook of solar radiation, 

temperature and other data for 13 principal cities and towns, HMSO, London, 1986.  

 

2 Clarke, J. A; Energy Simulation in Building Design, Adam Hilger Ltd, Bristol, 1985. 

 

3 Kreider, J. F; Kreith, F; Solar Energy Handbook, McGraw- Hill Book Company, New 

York, 1981. 

 

4 Rapp, D; Solar Energy, Prentice Hall Inc., Englewood Cliffs (N.J.),1981. 

 

5 Szokolay, S. V; World Solar Architecture, The Architectural Press, London, 1980. 

 

6 Straaten J.F; Thermal Performance of Buildings, Elsevier Publishing Co, London, 1967. 

 

7 Alamandri, F; Hammond, G. P; "Improved data correlations for buoyancy- driven 

convection in rooms." Building Services Engineering Research and Technology, Vol. 4, 

No. 3, 1983, P106- 112. 

 

8 Fishendem, M; The Calculation of Heat Transmission; HMSO, London, 1932. 

 

9 Guemard, C; "Analysis of Monthly Average Solar Radiation and Bright Sunshine for 

Different Thresholds at Cape Canaveral, Florida." Solar Energy, Vol.51, No2, 1993,  P121- 

139.  

 

10 Brock, A. L; Peterson, W.A; Dirmhirn, I; "Corrections for Diffuse Irradiance Measured 

with Shadowbands." Solar Energy, Vol. 25, 1980, P1- 13. 

 

11 Kreider, J.F; Kreith, F; Solar Heating and Cooling: Active and Passive Design, McGraw- 

Hill Book Company, New York, Second Edition, 1982. 
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