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Enter "SUNEXE" to start.
The display of the first page is shown as follows:
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As shown on the 1st line, there are 9 options available. They are:

Edit Run Code Help Dos Graphs ge0 geoclK Quiﬂ

Follow by the arrow keys entered by the user, the TEXT in the 2nd line will give
a brief illustration of each command, accordingly.



Option 1. Edit - Enter the PARAMETERS CHANGING MENU to edit the input data. Users
can either enter "1 or "E" to jump to this option.

After users select this option, another 5 sub-options will be shown on the 1st
line of the monitor as follows:

Main DaylightSaving Wave Band Latitude Bacw

Sub-option 1.1. Main - Edit the major parameters

The related parameters and the default values are as follows:

PARAMETERS CHANGING MENU

1. Latitude , in degree 40

2. Longitude , in degree 74.5
3. Standard longitude , in degree 75
4. Month of the year 5

5. Day of the month 30

6. Surface Tilted angle, Zc, in degree 0

7. Surface Azimuth angle Ac, in degree 0

The last line shows how to do the editing in this edit menu.

Sub-option 1.2. DaylightSaving - the DayLight SAVING for solar and local time
conversion

The related parameters and the default values are as follows:

about DayLight saving

1. included daylight saving hour in calculation <1.Y/0.N> 0
2. If Yes, starting Julian date for D.Light Saving 97
3. If Yes, ending Julian date for D.Light Saving 297
Q. ———————=—--- RETURN TO MAIN MENU --—----————mmo———



Sub-option 1.3. Wave Band - the assigned WAVEBAND for energy calculation

The related parameters and the default values are as follows:

Assigned Wave Band and Time Frame

1. Lower Bound (L.B) of Waveband, nm +------——-——-- + 300

2. Upper Bound (U.B) of Waveband, nm | refer to the] 1100
3. Fraction of L.B of Waveband, deci. | table below | .0121
4. Fraction of U.B of Waveband, deci. +---------—--- +  .7395
5. L.B. of the Time Frame, local time, hourly basis 9

6. U.B. of the Time Frame, local time, hourly basis 18

Q. ———————-————- RETURN  TO  MAIN  MENU —---—--——mmmmm -

A table of helping users to enter the values in options 3 and 4 is also displayed
in the same page. This table only contains limited number of wavebands. Some
interpolation might be necessary 1f values of options 1 and 2 are not listed in the
table.

Sub-option 1.4. Latitude - the assigned LATITUDE range for ET radiant calculation

This option is designed to set up the range of the latitude for options "g-°,
*h*, and "1" in "6. Graphs® option.

The related parameters and the default values are as follows:

Assigned Latitude Rang

1. Lower Bound (L.B) of Latitude, 30
2. Interval of Latitude, 30
3. number of curves on graph 3
Q. ---- RETURN TO MAIN MENU -------

Sub-option 1.5. Back - Back to previous menu




Option 2. Run - General calculation, TEXT output, for GRAPHs see option 6. Users
can either enter "2° or "R" to jump to this option.
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Sub-option 2.1. Hourly Radiation per day (E.T. & Ground Level)

The program will calculate based on the default values assigned in the major
parameters pages (see sub-option 1.1). Besides that, more information is required
to complete the calculation. These information can be seen in the next page.




The results of this sub-option includes 4 more pages. The 1° page is as follows:

o +
| Local Latitude : 40.00 degree | Date: 5/30 |
| Longitude : 74.50 degree | Julian date: 150 |
| Std. Longitude : 75.00 degree | w/o daylight saving |
o +
| Sun®s declination angle : 0.3796 rad = 21.7508 degree |
| E.T. radiation on plane NORMAL to sun ray : 1315.16 W/m* |
| the Sun Set Hour Angle : 109.559 degree |
| Sun Rise at < 4: 37> Sun Set at < 19: 13>, local time |
| Solar Noon at < 11: 55> Day Length : 14 hrs 36 min |

The 2™ page shows the hourly radiation data at ground level for a horizontal
plane. The snapshot of the screen is as follows:




The 3™ page shows the hourly radiation data at ground level for a vertical plane.

The snapshot of the screen is as follows:

| Date: 6522 wewea Uertical Flane »»»® Hourly data at GROUMD LEVEL |
fizimuth: 34.00® Clearness Index: 0.75% Diffuse trans. coefficient: 0.19%
Daily E.T. Solar radiation on Vertical plane is 6.8%7 HMJ/m®-day
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The 4" page shows the hourly radiation data at ground level for the user assigned

tilted plane. The snapshot of the screen is as follows:

Date: 6522 woo Tilted 45.0% »w%»  Hourly data at GROUHMD LEVEL
Azimuth: 34.00" Clearness Index: 0.75% Diffuse trans. coefficient: 0.1%
Daily E.T. Selar radiation on Tilted 45.007 plane is 30.763 MM mE-day
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Hlim2-day - 17.717 Holefm2-day: L3.240
Press Enter to continue




Sub-option 2.2. Daily Radiation per Month

Basically, this option shows the E.T. radiation information which is the same
with the previous option. But instead of showing one day data, this option provides
the information for every day within the assigned month. The display screen is as

follows:
Local Latitude, Longitude and std. Longitude: 40.00, 74.50 and 75.00 degree

gy +
Julian DayLIGHT Sun®"s SunSET E.T. ---<local time>--- Day

mm/dd- Day -- saving decl_ANG hourANG SolarRad. Sun  Sun Solar length

—————————————————————— <degree>----- --<W/m2>- rise set noon -hr-min---

5/ 1 121 w/o 14,901 102.902 1331.12 5: 3 18:46 11:55 13 43
5/ 2 122 w/o 15.210 103.188 1330.45 5: 2 18:47 11:54 13 45

5/30 150 w/o 21.751 109.559 1315.16 4:37 19:13 11:55 14 36
5/31 151 w/0 21.898 109.712 1314.76 4:36 19:14 11:55 14 37

Sub-option 2.3. E.T. radiant on Hori/Verti/Tilted Plane

This option shows the Daily information and the hourly energy received at the
top of the atmosphere for a horizontal, vertical and tilted plane. The display format
of different planes are similar, thus only one as the example is shown in here. The
display screen of the hourly energy received on a horizontal plane is as follows:

o + e +
|Local Time|HORI .plane: azimuth: 0.0] M| | E.T. solar insolation on the |
|From to | ET.radiant ET.PAR | a] | Horizontal plane, in <MJ/m2> |
[hhmm hhmm] MJ/m2 mole/m2 | rj | Wave Band TimeFrame Values |
|-------- |- - | kI |l - I
| 437 500] 0.06 0.1% 0.11 | | |1. Total Total! 40.72 |
| 500 600] 0.76 1.9% 1.33 | | |2. Total Total@ 40.72 |
| 600 700] 1.63 4.0% 2.87 | 1| |3. Total Assig.# 31.93 |
| 700 800] 2.48 6.1% 4.34 | | |4. Assig.* Total 29.62 |
| 800 900] 3.23 7.9% 5.66 | | |5. Assig. Assig. 23.22 |
| 900 1000] 3-83 9.4% 6.73 |**] |6. 300-1100 Total 29.62 |
|1000 1100] 4.26 10.5% 7.47 |**] |7. 400- 700 Total 15.54 |
|1100 1200] 4.47 11.0% 7.84 |**| |8. 400- 700 Total ( 71.47)]
|1200 1300] 4.45 10.9% 7.81 |**] | == |
|1300 1400] 4.20 10.3% 7.38 |**] |9. Ratio : 3/1 = 78.40 % |
|1400 1500] 3.75 9.2% 6.58 |**] |10.Ratio : 5/1 = 57.03 % |
|1500 1600] 3.12 7.7% 5.47 |**] |-===— |
|1600 1700] 2.35 5.8% 4.12  |**| | Total! : sum of hourly cal. |
|1700 1800] 1.50 3.7% 2.63 |**] | Total@ : direct calculation |
|1800 1900] 0.62 1.5% 1.09 | | | Assig.# - 9:00 to 18:00 |
|1900 1913] 0.02 0.1% 0.04 | | | Assig.* : 300 to 1100 nm |
o + | (....) : in mole/m2 |

e +



The table in the left hand side is the hourly energy received by a horizontal

plane on the top of the atmosphere described as followed:.

Columns 1 and 2 are the starting and ending time for each hours start from sun rise to sun
set.

Column 3 is the total energy (in MJ/m2) received in this particular time frame listed in
columns 1 and 2.

Column 4 is the ratio of the energy received at this hour verses the total daily energy
received.

Column 5 is the amount of quantum (in mole/m2) received in PAR range which is from 400 nm
to 700 nm.

Column 6 is the MARK. All those rows with the mark "**" means that this particular hour
is within the assigned range. The range was assigned in the EDIT menu (see option 1.3).

The table in the right hand side is the summary of the total energy received

and some ratios described as followed:

The 1st and 2nd rows are the daily total energy received.

The 1st row is the sum of the calculated hourly energy received.

The 2nd row is the same with the above yet calculated in a different equation. The equation
is based on sun rise and sun set hour angle. The values in both rows should be the same yet
due to some run-off error, the values might have a minor difference.

The 3rd row is the energy received within the assigned time frame which is the sum of the
hourly energy received for those values with mark "*** (see option 1.3).

The 4th row is the energy received within the assigned wave band. The wave band assigned can
also be found in option 1.3.

The 5th row is the energy received within the assigned waveband and time frame that is the
combine of 3rd and 4th row.

The 6th row is the energy received within the 300-1100 nm wave band.

The 7th row is the energy received within the 400- 700 nm wave band.

The 8th row is the energy received within the 400- 700 nm wave band but in quantum unit (rule
of thumb: values in row 7 times 4.6).

The 9th row shows the ratio of row 3 to row 1.

The 10th row shows the ratio of row 5 to row 1.

Sub-option 2.4. Solar/Surface Angle on a Tilted Surface

The program will display the Daily information first then the solar angles of

the sun and surface. Some definition of the solar angles mentioned are given as
follows:

Surface zenith angle (tilted angle, Zc): The angle between the normal to the surface and the
normal to the horizontal plane.

Surface azimuth angle (Ac): The angle measured in the horizontal plane from due south to the
horizontal projection of the normal of the surface. East being negative, west positive. -180°
<= Ac <= 180°



® Sun's azimuth angle (As): The angle measured in the horizontal plane from due south to the
horizontal projection of the sun®s beam. East being negative, west positive. -180° <= As <=
180°

® Sun®s zenith angle (Zs): The angle between the sun®s beam and the normal of the horizontal
plane.

® Sun"s altitude: equal to 90° - Zs

® hour angle (h): Solar noon being zero, morning negative and afternoon positive. 15 degrees
hour angle is equivalent to one hour.

® Sun-Tilted surface angle (Sc): The angle between sun"s beam and the normal of the surface.
Also known as Angle of Incidence.

There are 2 screens in the sub-option 2.4, the 1st one is shown as follows:

o SOLAR ANGLE ------mmmmv +
|Local| Solar | Hour | Sun®s | Sun®s | Sun®s |
ITime | Time | Angle | Zenith | Azimuth | Alititude]
|- - — — R — |

I

| 437 | 4:41 | -109.60] 90.00] -118.95 |  0.00 |
| 500 | 5: 4| -103.85] 86.11] -115.32 |  3.89 |
| 600 | 6: 4] -88.85] 75.37] -106.32 | 14.63 |
| 700 | 7: 4| -73.85] 64.14] -97.52 | 25.86 |
Do

[1900 | 19: 4 | 106.15] 87.69] 116.77 |  2.31 |
[1913 | 19:17 | 109.40] 89.90] 118.83 |  0.10 |
o +

Column 3 shows the hour angle, column 4 shows the sun®s zenith angle and column
5 shows the sun®s azimuth angle and the last column is the sun®s altitude. Sun®s
altitude = 90° - Sun"s Zenith. The 2nd screen is shown as follows:

T ANGLE  OF INCIDENCE ----mmmmmmmmmmmmemm +
[Local| Solar | Hour | HORIZONTAL| VERTICAL| TILTED | The TILTED |
| Time] Time | Angle | PLANE | PLANE | PLANE | ANGLE of |
[ m - | the Tilted |
| 437 | 4:41 | -109.60]  90.00 | 118.95 | 90.00 | Plane is |
| 500 | 5: 4| -103.85]  86.11 | 115.26 | 90.00 |  45.00 |
| 600 | 6: 4] -88.85] 75.37 | 105.78 | 90.00 |-----------—- |
| 700 | 7: 4] -73.85] 64.14 | 96.76 | 76.99 |The AZIMUTH |
| 800 | 8: 4| -58.85] 52.68 | 88.57 | 63.49 |ANGLE (away |
] 900 | 9: 4| -43.85] 41.29 | 81.56 | 50.58 |from due |
[1000 | 10: 4 | -28.85]  30.52 | 76.17 | 38.91 |South) of |
[1100 | 11: 4 | -13.85] 21.72 | 72.79 | 29.99 |both the |
[1200 | 12: 4 |  1.15] 18.28 | 71.76 | 26.77 |Vertical & |
[1300 | 13: 4 | 16.15] 22.84 | 73.17 | 31.08 |Tilted |
[1400 | 14: 4 | 31.15] 32.10 | 76.88 | 40.58 |Plane is |
[1500 | 15: 4 | 46.15]  43.02 | 82.55 | 52.51 | 0.00 |
[1600 | 16: 4 | 61.15] 54.45 | 89.76 | 65.54 |------=—-==—- |
[1913 | 19:17 | 109.40]  89.90 | 118.83 | 90.00 |

o +



In this page, the program shows the sun-tilted surface angle (angle of incidence)
of the horizontal, vertical and tilted surfaces.

IT the tilted angle of the plane equals to 0 or 90 degree, the values in column
6 should be the same with the values in column 4 or 5, respectively.

The box at the right hand side of the screen shows the tilted and azimuth angle
of the surface.

Sub-option 2.5. Back TO main menu.

Option 3. Code - Information regards the source code. Users can either enter "3"
or "C" to jump to this option.

Option 4. Help - see the user manual. Users can either enter 4" or "H" to jump
to this option.

Option 5. Dos - resume system default or gateway to DOS. Users can either enter
"5% or "D" to jump to this option.There are 4 sub-options available.

resume default data

gateway to DOS, enter "exit" to return
List any text file

Back TO main menu

O O T o

Option 6. Graphs - View various of graphics. Users can either enter "6" or "G"
to jump to this option.

One graph is better than a thousand words. This is the main core of this program.
There are 11 sub-options available shown as follows:

Sun Fath D1iqrjm ead & East sideview
Path I;ll'l ;

1 e, wW/m?®
d plane, M1/m2-day
, different latitude
;o different latitude
, different latitude
, GLOBAL wiew
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Sub-option "a. Sun Path Diagram: Overhead & East sideview" shows the overhead and
east side view of the sun path of an assigned day as well as March, June

and December 21. The graphs are designed to self-explane, the users

should have no problem in understanding these diagrams.

sidevieu |
Solar Lati. : 40.00°
- i azimuth Long. : 74.50°

3-21 6-21

9-21 L__
622

Sun rise:
Sun set :
Sol .noon:

oo

Overhead

Day Length : 14 hrs 50 mins
Day Length : 11 hrs 57 nins
Day Length : 14 hr=s 50 mins
Day Length : 9 hrs 9 nins

Press Any key to Continue

Sub-option "b. Sun Path Diagram: North sideview®™ shows the north side view of the
sun path of an assigned day as well as March, June and December 21.

11



Sub-option "c. Solar Declination® shows the graph of solar declination vs. Julian
day.

Solar Declination, LATITUDE, in degree
S3d = 23.45 = SIN(fnrad(360 = (284 + xn) ~» 365))

Month

Interpolation: enter date in <mm-sdd> format, else to EXIT 7 |}

Sub-option "d. Equation of Time / THE ANALEMMA® shows the Equation of Time vs. Julian
day and the ANALEMMA.

Eof T = 9.87 = SIN(Z = B) - 7.53 = COS(B) — 1.5 = SIN(B)
where, B = farad(360 = (n-81) ~ 3b64)

Equation of TIME (EofT), in min
Total time offset = EofT + 4 = (Lst — Lloc), in min

Month

Interpolation: enter date in <mm-dd> format, else to EXIT 7 |

The so-called "THE ANALEMMA® is shown as follows:

12



Sub-option "e. ET radiant on a NORMAL plane, W/m’" shows the solar radiation on a
plane normal to the sunray and solar constant vs. Julian day.

E.T. Solar radiation on a plane NORMAL to the sun rau
GGsc = 1353 = (1 + 033 = COS(farad(xn = 360 » 365)))

Solar constant : 1353 W-n?

Month

Interpolation: enter date in <mm-dd> format, else to EXIT 7 [}

Sub-options "c*,"d","e" and "f" show not only the graphs but also allow users
to do the interpolation. By entering a date in "month/day” format, users can see the
exact values for that particular date on the graph.
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Sub-option "f. ET radiant on a Tilted plane, MJ/m’-day" shows values of the ET radiant
on a horizontal, vertical, and tilted plane under assigned latitude.

E.T. Solar radiation (MJ-m%®-dauy) on HORIAVERTI-TILTED plane at 40.0%latitude

Tilted 45.0°

*-""'-J,- _ o s

S +"-I——-|_|.—|-—+"' -

J J
Month

Interpolation: enter date in <mm-dd> format, else to EXIT 7 }

Sub-option "g. ET rad.: HORIZ. plane, different latitude® shows the ET radiant on
a horizontal plane under "a range of" assigned latitude (see option 1.4).

Latitude range from 30.0° to 90.0° with the Interval equal to 30.0°

e " L
o k== 1 el e ele = ele = =

J F | A M ) J A 5 ] N D
Month

E.T. Solar radiation on a HORI. plane at various latitude, in MJI-mnZ-day
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Sub-options "h. ET rad.: VERTI. plane, different latitude” shows the ET radiant on
a vertical plane under "a range of" assigned latitude (see option 1.4).

Latitude range from 30.0° to 90.0° wuwith the Interval equal to 30.0°

e g
e e ____.|-
by et

dJ
Month

E.T. Solar radiation on a VERTI. plane at various latitude, in MJI-mn?-day

Sub-option "i. ET rad.: TILTED plane, different latitude® shows the ET radiant on
a tilted plane under "a range of" assigned latitude (see option 1.4).

Latitude range from 30.0° to 90.0" with the Interval equal to 30.0°

J J
Month

E.T. Solar radiation on a TILTED 45.0" plane at various latitude, (MJ-n®-dau)
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Sub-option "j. ET rad.: HORIZ. plane, GLOBAL view" shows the daily variation of the
solar radiation at the top of the atmosphere (ET) as a function of latitude.
The values are measured in MJ/m2-day.

Ty

daily
variation
£ the

H on a
Horizontal
rlane
at the
top of the
atmosphere
as a
function
of
Latitude
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Option 7. ge0 - This option provide the user interface for GEOCLOCK™. Users can
either enter "7 or "0" to jump to this option.

Option 8. geoclK - This option allows users to execute the GEOCLOCK™ software which
is a shareware written by Mr. J.R. Ahlgren. Users can either enter "8"
or "K* to jump to this option.

¥ GeaC Word (1)
File Mapz Customize Contols Action: Eeset Help
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Some practices in using GEOCLOCK:

D. (declination, d) 3/21 9/21 d>=0

(2. 0 Greenwich, England

3. at solar noon, 235 ( +235 )
=90- +d=90-25+235=88.5

(4. at solar noon, 235 ( -235 )
=90- +d=90-25-235=415

5). at solar noon, ( 0 )

(6). at solar noon, (Zenith)= =90-
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25 65
(7). 4 (
0 0 )
(8). Timecontrol, 1 update
(9). Timecontrol, 24 (1day) update
(10).Time control, 720 (1 month) update

(11). Time contral, 3/21, 6/21. 9/21, 12/21
(12). Time contral, 3/21, 5:58

(13).

(14).Time contral, 6/21, 5:05

(15).

(16). Time control, 12/21,

(27).

(18).Map lit, 1,2,3

(29). 3/21, 9/21

(20). 6/21, 12/21

Option 9. Quit - Quit this program. Users can either enter "9% or "Q" to jump to
this option.
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