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Fig. 1. Length of sides of a rectangle, height of bulb, and distance from center of the rectangle to bulb.
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Table 1. Light intensity (lux) of 100W incandescent tungsten filament bulb in hypothesized estlmation

=

and practical measurement

oh Point 1 Point 2 Point 3
Height Distance  Lightint. Distance Lightint. Distance  Light int.
Est.* 180 150 14.00 200 9.24 250 6.16
FE0 180 150 13.60 200 8.20 250 5.10
Difference % 2.90 12.70 20.80
Est. 150 153 15.25 198 9.79 294 4.17
# g 150 153 13.75 198 8.75 294 3.75
Difference % 10.90 11.90 11.20

* Est: estimate 100 lumen from one 100W incandescent tungsten filament bulb.
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Fig. 2. Theoretical light intensity of a 100 lumen light source installed at one meter high.
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Fig. 3. Theoretical light intensity of a 100 lumen light source installed at different height when the
horizontal distance keeps at 1.414 meter.
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Table 2 Loss of hght intensity (%) at dlfferent installed height compared with optimum installed height

Horizontal distance (m)

Difference of height between practical 1.414 2.121 2.4038 2.828
and optimum installation (cm) Optimum height of bulb installation (m)
1.0 1.5 1.7 2.0

-50 -23.0 -9.4 -7.1 -5.0

-40 -14.0 -5.7 -4.4 -3.1

-30 -1.4 -3.1 -2.4 -1.7

-20 -3.1 -1.3 -1.0 -0.7

-10 -0.7 -0.3 -0.2 -0.2

0 0.0 0.0 0.0 0.0

+10 -0.6 -0.3 -0.2 -0.2

+20 23 -1.1 -0.8 -0.6

+30 -4.7 -2.3 -1.8 -1.3

+40 -1.7 -3.8 -3.1 -2.3

+50 -11.0 -5.6 -4.5 -3.4
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Table 3. Estimated and measured light intensity (lux) using different installed height at certain horizontal

distance
Horiz. dist.  Optimum Optimum Height difference with optimum height (cm)
(cm) height (cm)  width of Sq. -50 -20 0 +30
&
184 130 260 Est. 9.9 11.2 11.4 11.1
Meas. 10.7 11.0 13.0 11.9
108 140 230 Est. 8.7 9.7 9.8 9.6
Meas. 9.7 11.0 11.9 11.0
Est. 7.8 8.4 8.6 8.4
212 150 300
Meas. 8.0 8.6 8.8 8.6
Est. 6.9 7.4 7.5 7.4
226 160 320 °
Meas. 7.6 8.3 8.4 8.3
240 170 340 Est. 6.2 6.6 6.7 6.5
255 180 360 Est. 5.6 5.9 5.9 5.8
269 190 380 Est. 5.0 53 53 53
283 200 400 Est. 4.6 4.8 4.8 4.7

* Est: estimate 100 lumen from one 100W incandescent tungsten filament bulb.
Meas: actual measurement from 220V, 100W incandescent tungsten filament bulb.
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Table 4. Comparlson of electricity consumptlon of two optimum installations with different width and
height in three cases

. ) 7.8 m x 39 m 156 m x39m 31.2m % 39m
Factors of installation*

Planl Plan2 Planl Plan2 Planl Plan2
Wd. Sq. (m) 3.9 2.6 3.9 2.6 3.9 2.6
Opt. Ht. (m) 1.95 1.3 1.95 1.3 1.95 1.3
Int. at Sq. C. (lux) 20.24 45.55 20.24 45.55 20.24 45.55
Hyp. LA (lux'min) 4800 4800 4800 4800 4800 4800
Time (min) 237.2 105.4 237.2 105.4 237.2 105.4
Amount of Bulbs 33 64 55 112 99 208
Elec. Con (kw-hr) 13.0 11.2 21.7 19.7 39.1 36.5
Rel. area (%) 100 100 200 200 400 400
Rel. Elec. Con. (%) 100 86 167 152 301 281

* Wd. Sq.: width of square, Opt. Ht.: optimum height, Int. at Sq. C.: light intensity at center of square, Hyp. LA:
hypothesized critical light amount, Time: time of lighting, Elec.Con: electricity consumption, Rel. area: relative
area, Rel. Elec.Con.: Relative electricity consumption.
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Table 5. Loss of electricity caused by height of bulb and plain design in some practical cases

Factors of In field In houses
installation®  Chi-Shin Liu-Fong Chi-Shin Liu-Fong Fu-Weil Fu-Wei2

Dt. Line (cm) 420 400 330 310 460 280

Installation Dt. Bulb (cm) 270 330 270 390 200 300

of practical Ht. Bulb (cm) 170 170 180 160 200 200

cases Dt. BtoC (cm) 250 259 213 249 251 205

Es.L.int.(lux) 25 22.5 33 25 25 35

. Opt. Wd. Sq.(cm) 353 367 301 352 355 290
Optimum

plan Opt. Ht.(cm) 177 183 151 176 177 145

App. Ht.(cm) 210 210 180 210 210 180

Loss of Plain area -9.0 -1.8 -2.0 -2.6 -26.9 -0.2

energy (%) Ht. -7.9 -7.9 0 -11.7 -0.5 -3.5

caused by  Total -16.2 -9.5 -2.0 -14.0 -27.2 -3.7

* Dt. line: distance between line of light, Dt. Bulb: distance between bulbs, Ht. Bulb: Height of bulb, Dt. BtoC:
distance from bulb to center of rectangle, Est. L. int.: estimated light intensity, Opt. Wd. Sq.: optimum width of
squre, Opt. Ht.: optimum height, App. Ht.: appropriate height, Ht. Height.
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Energy Saving in Chrysanthemum Night-break:'
Optimum Light Installation

Chian-Shinn Sheu, Gwo-Wei Long, Yun-Sheng Tien and Sheng-Chung Huang®

ABSTRACT

Light intensity is one of basic consideration of night-break in chrysanthemum
commercial production. The optimum installing height of light and configuration
calculated by physical and mathematical principle was described for saving energy. The
optimum height of light is the horizontal distance between light and measured point
divided by 1.414. The best arrangement for lighting area is a square if a rectangle area is
used. Considering the growth of chrysanthemum, height will be reduced between light and
plant. It was suggested adding 30 cm of optimum height as an appropriate height. If light
amount is considered as a critical factor, increasing installation density and light intensity

as well as reducing time of lighting could reduce energy cost.

Key words: chrysanthemum, night-break, light installation, optimum.
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