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ABSTRACT

The performance of Venetian blinds can be improved by adopting split blinds by which the slat
angle in the upper and lower part of the blinds can be separately adjusted. In this study, the
impact of the split blinds on the lighting/thermal environment and energy consumption was
investigated through field measurement, occupant survey and energy simulation. Four different
adjustment methods were evaluated: Case 1 (No blind), Case 2 (All slats open), Case 3 (Upper
slats open, lower slats closed), and Case 4 (All slats closed). The evaluation result of lighting
environment showed that Case 3 is effective in preventing the excessive illuminance level as
well as glare in the winter season, while Case 2 or 3 is suitable for the summer season because
the high solar altitude reduces the transmitted solar energy, which leads to the reduced glare
risks. The evaluation result of thermal environment revealed that acceptable thermal comfort
can be achieved by Case 2 or 3 in the winter season, and Cases 2 to 4 in the summer season.
Energy simulation results showed that the overall energy consumption (heating, cooling and
lighting energy) can be minimized by applying Case 3, by which the energy consumption can be
reduced by 6.2% compared to Case 1.
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Figure 2. Room configuration for physical measurement and occupant survey
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Table 1. Information on the experiment day (based on the meteorological data of Busan)

Date 1/14 115 1/16 1/17 1/18 1/19 120 1/21 1/22 1/23
Temperature (C) 120 83 20 45 77 109 89 43 87 88
= Sunshine (hr) 2 2 2 2 2 19 2 2 2 2
@  Solarradiation MJ/m’) 39 35 42 40 4.1 38 39 42 42 39
Total sky cover (-) 1.0 00 00 00 00 3.0 00 00 0.0 0.0
Selected day o o O O O x O O O O
Date 6/1 6/2 6/3 6/4 6/5 6/6 6/7 6/8 69 6/10 6/11
Temperature (C) 23.5 238 244 252 27.1 25.1 192 21.5 213 21.1 19.5
Sunshine (hr) 2 2 2 2 2 2 0 09 135 06 06

Jowumng

Solar radiation MJ/m®) 6.5 7.0 7.0 69 7.0 57 08 42 44 29 22
Total sky cover (-) 80 7.5 00 00 00 78 100 80 7.8 9.0 83
Selected day o O O O O O x O O x O

i -
Blind open
™

(b) Case 2 (c) Case 3 (d) Case 4

Figure 3. Evaluation cases of split blind performances

Table 2. Questionnaire level for the occupant survey

Item Levels
[l -3 2 -1 0 1 2 3
uminance
Too dark dark Slightly dark ~ Neutral Slightly bright Bright Too bright

1 2 3 4 5

Glare . . . . .
Unnoticeable Satisfactory Just admissible Disturbing Unbearable

-3 -2 -1 0 1 2 3

TSV . .
Cold Cool Slightly cool ~ Neutral ~Slightly warm Warm  Hot
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Table 3. Input parameters for simulated model space
Parameter Input value Remark
External wall U=0.590 W/m’K
Floor U=1.937 W/m’K Adiabatic
Ceiling U=1.910 W/m’K Adiabatic
Envelope . .
Window U=2.500 W/m’K *Light visual
SHGC= 0.7, LVT*=0.744 transmittance
Air tightness 1.0 ACH
Occupant 0.11 person/m’ (light work)
Internal gains Equipment 11.8 W/m’ for equipment
Lighting 2.5 W/m*-100 Ix Target: 400 Ix
Schedule Occupancy ]
- 12 34567 891011121314151617181920 21222324
System type 4-pipe FCU system
HVAC system Y t.yp o PP . oy .
Set-point 20 C for heating, 26 C for cooling

Table 4. Input parameters for split blinds

Slat data Value Slat detail
Blind-to-glass distance (m) 0.120 |_ annd to-glass
Slat orientation Horizontal _ distance _Front of slat
Slat width (m) 0.060 /é Batk of slat
Slat Slat separation (m) 0.060 ﬁm separation
properties Slat thickness (m) 0.010 Window
Slat conductivity (W/mK) 0.900 Slatwidih
Slat angle, open (°) 90 i 5-.[ Slatthickness
Slat angle, closed (°) 0 |
Slat sol Transmittance 0200
pr(?p;(j[izrs Reflectance, front 0.750 i |'"| e
Reflectance, back 0.750
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Table 5. Configuration of slat angle for each simulation case

Slat angle Case Case Case Case Case Case Case Case Case Case Case Case
0(°) 1 2 3 4 41 42 43 44 45 46 47 48

Upperpart No 90 90 0 10 20 30 40 50 60 70 80
Lowerpart No 90 0 0 10 20 30 40 50 60 70 80

No Fully Half Fully Additional analysis for the comparison with conventional
blinds open open closed slat controls

Remark

ol2fgh Bdl Z=o] Case 1~4°] E2RRIE 271 A-8-5to] DA A7 bl 9l i
YRS Akl o H, AU ZIH(h=0.8 m) F =2 400 Ix= W7] Yol Dest At %=
g Y25 4SSt T3 ARlofl = o &3] ZHe 5 € 7iH(90°) E= |4
(0°) 2 et o 2/ tjest &3l ZHrof| thgh Ao ol el S 7jtoto], &3] 2
£ dEF o= 0°0~90° Ale]of|A 10° 7HA 0 2 RISIAZ H9-5 71 0 & EASIRIT o]
2R B2 B/ Q1 S Ao WA ake] Wk 2l 2 of 2] AH[F H| S Q1R Ao,
Z}7¥e] Algdo]d 24 Caseoll T2 &2l A7 2705 Table 59 2ol A5tk

B Thrg 2 S U, S T Case 22] A9 QAT ik glo1} o]

—Casel —qo—Case? —a Case3 —mCased —+Casel ——Case? —a—Case3 —m—Cased
14000 3500
12000 3000
. 10000 2500
E‘ B0OD E‘Z‘Iﬂ]
E 6000 E 1500
= om0 = 1000
2000 500 %
1] 0 ._‘—‘_'_"‘“.—-—-—.—___.
0 1 2 3 4 3 0 1 2 3 4 5
Distance from the window [m] Distance from the window [m]
x>Im x=2m x=3m x=4m x=Im x=2m x=3m x=4m
Case1 12,311 9,287 1,519 1,069 Casel 2,926 1468 864 538
Case2 3,375 8972 1,700 1,175 Case2 799 905 555 342
Case3 2,572 2,618 1,000 706 Case3 614 426 274 184
Case4 1,301 1,043 490 350 Case4d 250 130 85 61
(a) Winter season (b) Summer season

Figure 4. Measurement results of llluminance
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Figure 6. Number of responses with regard to glare
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Table 6. Survey results of illuminance and glare

Item Season Value Case 1 Case 2 Case 3 Case 4
Mean 2.56 1.50 0.39 -1.17
Winter SD 0.70 0.79 0.50 0.62
Median 3 2 0 -1
Illuminance*
Mean 0.61 0.22 -0.44 -1.17
Summer SD 0.61 043 0.51 0.62
Median 1 0 0 -1
Mean 4.78 4.11 2.72 1.50
Winter SD 0.55 0.58 1.02 0.79
Median 5 4 3 1
Glare**
Mean 2.33 1.94 1.61 1.22
Summer SD 0.77 0.64 0.50 0.43
Median 2 2 2 1

*Too dark(-3)-Dark(-2)-Slightly dark(-1)-Neutral(0)-Slightly bright(1)-Bright(2)-Too bright(3)
**Unnoticeable(1)-Satisfactory(2)-Just admissible(3)-Disturbing(4)-Unbearable(5)
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——— 1
3 3
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3 z° i—
g g
a 1
I
2 2
3 3
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(a) Winter season (b) Summer season

Figure 8. Number of responses with regard to TSV

Table 7. Survey results of thermal sensation vote

Item Season Value Case 1 Case 2 Case 3 Case 4
Mean 1.72 0.56 -0.67 -1.28
Winter SD 1.45 0.98 1.14 0.89
Median 2 0 -1 -1
TSV*
Mean 1.22 0.67 0.22 -0.33
Summer SD 0.43 0.49 0.43 0.59
Median 1 1 0 0

*Cold(-3)-Cool(-2)-Slightly cool(-1)-Neutral(0)-Slightly warm(1)-Warm(2)-Hot(3)

Hot 30 Hot 30
W 20 Case 1 20
arm 20
_— o = Warm Case}:|
H 10 Case 2 = 10
= Slightly warm oase ] Slightly warm Case 20
£ Neutral 00 2 Neutral €0 A Case 3
Y Case 3 g n
£ ; A ) .
5 Sightycool 10 | Cased & Slighty cool -0 Case 4
Cool -20 Cool -20
Cold -30 Cold -30
20 20 0 00 10 20 30 20 20 10 00 10 20 30
Measured PMV [] Measured PMV [-]
(a) Winter season (b) Summer season

Figure 9. Comparison of measured and surveyed thermal comfort
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Figure 11. Simulation results of energy consumption with slat control methods
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Table 8. Energy consumption by end-use and energy saving ratio

Eneray [KWh/n] Case Case Case Case Case Case Case Case Case Case Case Case
&Y 1 2 3 4 4-1 42 43 44 45 46 47 4-8

Heating 157 191 23.0 274 265 257 249 240 232 223 213 202
Cooling 71.8 624 556 50.8 S51.7 526 53.7 549 563 57.7 592 60.8
Lighting 7.0 &7 101 135 123 115 107 102 97 94 91 89
Total 944 903 886 91.6 905 89.8 893 8§9.1 892 894 89.6 89.8
Savingratio  0.0% 4.4% 6.2% 3.0% 4.1% 4.9% 54% 5.6% 5.6% 54% 52% 4.9%

—

Case 1914 42 25 A {0 A4z v = 571 Wiolv A= dasht
A4 A=) B4V W |
Case 4014 |47} Eli= ZS & 5 At} 124 Case 4
2, Wbl 2 o gz £glo] 4R F= 718 Case 3 (88.6 kWh/m’) 0 2 LEFITH
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