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ABSTRACT 

The purpose of this research is to evaluate the indoor 

thermal environment under the solar shading 

environment. In this report, it experimented in the 

room to which the blind was shut to confirm the 

indoor thermal environment. Afterwards, the CFD 

analysis based on the experiment was done. And, the 

accuracy of the analysis was confirmed by compared 

with measurement results. In the experiment, it was 

confirmed that heat had collected in the hollow layer 

between the window and the blind. And, the heat 

leaked indoors. There was a difference in top and 

bottom indoor temperature distribution for the 

leakage of heat. Moreover, it was confirmed that the 

indoor temperature changed according to the slat 

angle of the blind. In the analysis, the temperature of 

the air in the room was roughly corresponding to 

experimental measurements. However, when the wall 

temperature was analyzed, the problem that had to 

examined in the future was discovered. 

INTRODUCTION 

In the perimeter zones of an office, in the half-

outdoor space, in the open film low roof, in partially 

outside spaces such as a balcony, it is often the case 

that the sun creates non-uniform radiant fields. It is 

necessary to cover the insolation to exert an 

unpleasant influence on the human body on non-

uniform radiant fields.  Moreover, the action of the 

insolation is important in the point of improving the 

hull performance to reduce the cooling load, and to 

improve the energy saving in the building. Blind is 

widely used to prevent the insolation. However, the 

temperature of the hollow layer between window and 

the blind rises due to insolation when the blind is 

used, and there is a possibility that heat invades 

indoors though the blind with the inside is general as 

the method of the solar shading. As a result, the 

indoor thermal loading grows, and a lot of cooling 

energies of summer are needed. Therefore, the 

designer understands as the thermal environment is 

detailed when designing. A highly accurate analysis 

by CFD is effective for the solar shading at the 

design stage and the examination of the thermal 

environment, and the attention of CFD has risen. The 

heat loading caused by shutting the blind to verify the 

utility of CFD in the solar shading space in the 

present study is examined by CFD. 

 

 

Figure 1 Measurement situation 

 

Figure 2 Plan and elevation of measurement room 

EXPERIMENT SUMMARY 

The experiment ran for ten days from August 5th 

through the 15th, 2014, in a conference room for the 

west on Meiji University Ikuta Campus, Building A, 

10th floor (Kawasaki City Tama District). The blind 

of the Measurement Room is closed. A louver is 

installed outside the room. Fig.1 shows the details of 

the room.  Moreover, the plan and elevation of the 

room is shown in Fig.2. To measure the temperature 

of the hollow layer between the window and the 

blind, three Paul was set up at equal intervals. 

Moreover, to examine the heat leakage from the 

hollow layer, six Paul was set up from the window at 

intervals of 200mm. The thermocouple was set up in 

each Paul in up to eight places, and the 

measurements were taken once per minute. To 

prevent the temperature rise by the insolation's hitting 

the thermocouple directly, the thermocouple was 

covered with the sunshade (square aluminum foil). 

The point of measurement of the wall surface was 

each four upper and lower places of the north wall, 

the south wall, and the east wall. Additionally, Paul 

and the thermocouple were set up in the part that 

seemed to be necessary to measure it, and the total of 

the point of measurement was 188. Moreover the 

wind velocity of the vicinity blind, the amount of the 

outdoor horizontal solar radiation, the amount of the 

indoor west plumb solar radiation, the globe 

temperature, radiant quantities, was measured. This 

report gives you the results on the experiment from 

August 5th and 11th. 
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a)August 5th                                                                      b)August 11th 

Figure 3 Blind/glove temperature and amount of solar radiation 

 

 

Figure 4 Isothermal diagram[°C] 

 

EXPERIMENTAL RESULTS 

Amount of insolation 

Figure 3 shows the temperature of blind and globe, 

the amount of outdoor horizontal solar radiation, 

and the amount of indoor west plumb solar 

radiation. On the 5th, the weather was fine, and an 

enough amount of the insolation. The temperature of 

the blind has changed periodically by the influence of 

the outdoor louver. The globe temperature has not 

changed so much. On the 11th, the weather became a 

cloudy since 15:30, and the amount of the insolation 

was a small amount. The temperature of the blind 

doesn't rise by the influence either. The amount of 

the insolation for the indoor west was 0[W/m
2
] 

according to the solar shading with the blind. 

Room temperature distribution 

Figure 4 shows isothermal diagram made from the 

measured temperature. The insolation doesn't enter 

indoors,and almost the same temperature between 

hollow layer and room is shown at 14 o'clock. 

Afterwards, the insolation enters into the 

fenestration, and the temperature of the hollow layer 

rises. Then air of the high temperature invades 

indoors from the vicinity of the ceiling, and the 

temperature in the vicinity of the indoor ceiling rises, 

therefore the difference is in the indoor upper and 

lower temperature distribution.  

Because the amount of the insolation the 11th was 

less than that the 5th, on the 11th, the temperature of 

the room is lower. A lot of heat has invaded indoors 

from the vicinity of the ceiling on the 5th (upward 

the slat). On the other hand, it can be confirmed that 

the 11th (downward the slat) has invaded from the 

center part of the blind.  

ANALYSIS SUMMARY 

 Analytical case 

The CFD analysis based on the experiment was done, 

and it compared with the result of the experiment. 

The analytical object date was set as August 5th 

17:00 when the temperature of the indoor air rose 

most in the experiment, and the analysis for steady 

state was done. Table1 shows an analytical case. The 

insolation load was not added, and case1 was 

assumed to be temperature fixation. And, the mean 

value of each wall temperature on August 5th 17:00 

measured by the experiment was set as a boundary 

condition. Table 2 shows the wall temperature. In 

case2 and case3, the insolation load was added, and it 

analyzed it with the radiation manifold type. A slat 

downward condition went in the experiment on 

August 11th. However, the amount of the insolation 

was not an insufficient, satisfying result. Then, the 

insolation condition used the value in which either 

case was calculated from experimental measurements 

on August 5th to compare it only by the difference 

for the slat in the analysis.  
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Figure 5 Analytical object model                                                  Figure 6 Distribution of mesh 

 

Analytical object model 

Figure 5 shows the calculation domain of the 

analytical object model. The indoor shape faithfully 

reproduced the laboratory as much as possible 

including the window frame. In addition, to consider 

the influence by the outdoor louver, the west side 

outdoor area was made. Figure 6 shows the mesh 

distribution of the east and west sectional view. A 

standard size of the mesh was made, and the mesh 

shape was made polyhedral mesh by 0.1[m], and the 

layer mesh was made by seven layers in the wall 

vicinity. Moreover, the size of the mesh was 

subdivided to 0.01[m] that about 1/3 between slats, 

and the layer mesh was made by five layers in the 

window shade neighborhood. The minimum 

thickness of the layer was assumed to be 0.005[m], 

and the extension coefficient was set to 1.5. The 

number of meshes was 4547955 in the indoor area, 

562007 in the outdoor area, and the number of total 

meshes was 5109962 (case2).  

Analysis condition 

Table 3 show the analysis condition. The turbulent 

model was applied the Realizable Two-Layer k-ε 

model. The Realizable  k-ε model that shin and others 

developed contains a new transport equation for the 

turbulent dissipation rate ε. Also, a critical coefficient 

of the model, Cμ, is expressed as a function of mean 

flow and turblence properties, rather than assumed to 

constant as in the standard model. This procedure lets 

the model satisfy certain mathematical constrains on 

the normal stresses consistent with the physics of 

turbulence (realizability). Because k might become 

the minus number by a natural convection, we used 

Realizable model not to become unstable. The 

Realizable Two-Layer k-ε model combines the 

Realizable k-ε model with the two-layer approach. 

Two-layer approach, first suggested by Rodi, is an 

altemative to the low-Reynolds number approach that 

allows the k-ε model to be applied in the viscous 

sublayer. This time, shear-driven model (Wolfstein 

model) was used. For the difference scheme, we 

adopted the second-order upwind, the SIMPLE  

computational algorithm. The density is taken as 

constant. And the Boussinesq approximation was 

used. The transmittivity of the glass, was assumed to 

be 0.832, and the solar absorptivity of the blind was 

set, and 0.8 and the thermal resistance value of the 

wall were set and the thermal resistance value of 

1.063 [W/m
2
] and the floor and the ceiling was set to                       

Table 1 Analysis case 

 case1 case2 case3 

Insolation load Off On On 

Slat angle Upper Upper Down 

Object date 2015/8/5 17:00 

Table 2 Wall temperature 

Blind 38.6°C East Wall 33.0°C 

Window 44.4°C West Wall 33.0°C 

Ceiling 36.0°C South Wall 32.9°C 

Floor 30.4°C North Wall 33.1°C 

Table 3 Analysis condition 

Turbulent Model Realizable Two-Layer k-ε  

Empirical Variables in the Model 

Cμ = 0.09, σk = 1.00, σε = 1.20,  C1ε = 1.44, C2ε = 1.90 

Difference Scheme Second-Order Upwind 

Algorithm SIMPLE (regularity) 

Discretization Finite Volume Method 

Type of Mesh Polyhedral Mesh 

Convergence Criterion 

An error of quantity of heat movement and the quantity 

of heat movement caused by the radiation is less than 3%  

Iterations 3000 steps 

Code STAR-CCM+(ver.10.02.010) 
 

 
Figure 7 y+ distribution (blind)[-] 

 
Figure 8 y+ distribution(wall)[-] 

 

0.532[W/m
2
]. Emissivity of the wall, the floor, and 

the ceiling was assumed to be 0.9.It was 

assumedquantity of direct solar radiation 307[W/m
2
], 

the diffuse sky radiation amount 0.61[W/m
2
]. The 

analysis was carried out by STAR-CCM+(ver.10.02) 

which was a commercial tool. 

ANALYSIS RESULT 

Dimensionless wall range y+ 

Figure 7 and Figure 8 show a blind and indoor 

resulting dimensionless wall range of y+ (case2). In 

the blind, the ceiling, and the floor, it was 0.5 or less, 

and the wall was about 1. 
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a)case1 

b)case2 

 
c)case3  

Figure 9 Air temperature distribution[°C]

Room temperature distribution 

Figure 9 shows the analytical result of the air 

temperature distribution of case1~case3. It can be 

confirmed that heat has collected in the hollow layer 

in all cases. Moreover, heat leaks from the upper part 

of the hollow layer to the room as well as the 

experiment, and the temperature in the indoor 

vicinity of the ceiling rises. In the experiment, a top 

and bottom of indoor east side temperature was 

roughly the same. However, an upper and lower 

temperature is different in the indoor east side in 

case1.  

The leakage of heat from the hollow layer to the 

room can be confirmed also with case2. In the 

enlarged view, it can be confirmed that the surface of 

the window shade is a high temperature. It became 

almost the same, upper and lower temperature 

distribution on the indoor east side as well as the 

experiment. It falls in temperature in the upper part 

of the hollow layer because heat leaked indoors. The 

tendency to the heat leakage is different from other 

cases because it differs in case3 for the slat of the 

window shade. Heat leaks from a low place in case3 

while a lot of heat leaks indoors from the vicinity of 

the ceiling in case1 and case2. The temperature in the 

upper part of the hollow layer is a high temperature 

in the vicinity of the window shade. The level of the 

indoor temperature is equal to case2 excluding the 

vicinity of the window shade. 
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a)case1 

 
b)case2 

 
c)case3  

Figure 10 Wind velocity vector[m/s] 

 

Wind velocity vector 

Figure 10 shows the analytical result of the wind 

velocity vector of case1~case3. In any case, the 

airflow from the hollow layer to the room causes in 

the upper part of the hollow layer and the airflow 

from the room to the hollow layer is caused the 

hollow layer central part and under. Moreover, the 

vertical updraft is caused in the hollow layer. It is 

thought that air is circulated in the hollow layer. It is 

guessed that the heat leakage from the hollow layer 

about 0.2 [m/s] the wind velocity is done by a minute 

airflow. In case1, the airflow is caused in the room. 

The airflow for the east can be confirmed in the 

vicinity of the ceiling. And, it is downward, and can 

confirm the current of air for the west in the center 

part of the room on the indoor east side.  

Distribution of temperature of wall 

Figure 11 shows the distribution of the temperature 

of the wall of the analytical result. Because case1 

fixed the wall temperature to the actual measurement 

value, it is constant temperature distribution in all 

walls. In case2 and case3, the temperature of the 

floor and the wall rose more than case1. It seems that 

this is because the boundary condition is different. 

Therefore, it is necessary to examine the physical 

properties value again. The difference of the heat 

leakage in the hollow layer for the slat confirmed to 

the difference of the distribution of the temperature  

of the wall of case1 and case2 almost equally 

influenced to the wall temperature small. 
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a)case1                                              b)case2                                                   c)case3 

Figure 11 Wall temperature distribution[°C] 

 
Figure 12 Air temperature profile 

 

Air temperature profile 

Figure 9 shows the top and bottom of an analytical 

value of case1 and case2 of the indoor vertical 

surface and the actual measurement values 

temperature profile. In the hollow layer, the actual 

measurement value became a high temperature from 

an analytical value. It is thought that the insolation 

hits the thermocouple, and the temperature was not 

able to be measured accurately. There is a possibility 

of failing though the thermocouple was covered with 

the aluminum foil to prevent the insolation being hit. 

Therefore, it will be necessary to examine the 

measurement in the future. Because case1 used the 

actual measurement value for the boundary condition 

of the wall in the indoor temperature distribution, the 

temperature is roughly corresponding. In case2, the 

temperature is corresponding by the upper part of the 

room. However, an analytical value became a high 

temperature from the actual measurement value on 

the floor. This is thought that it is a cause because it 

calculated regularly not to have considered the 

thermal storage of the floor this time. It will be 

necessary to do the unsteady analysis that considers 

thermal capacity in the future. 

CONCLUSION 

In this research, it experimented to verify the 

temperature rise in the hollow layer and the leakage 

of heat to the room under a radiation environment not 

uniform. Moreover, the change in the room 

temperature by the difference for the slat of the 

window shade was verified. Afterwards, the CFD 

analysis based on the experiment was done, and it 

compared it with the outcome of an experiment. As a 

result, the air temperature was roughly corresponding 

to the measurement the analysis. However, the 

difference was caused in the experiment and the 

analysis in the wall temperature. The unsteady 

analysis that considers thermal capacity will be done 

in the future. Moreover, the analysis that adds air-

conditioning is scheduled to be done. 
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