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Executive Summary 
Sky Solutions, a student design team within the University of Minnesota Duluth 

Mechanical/Industrial Engineering Department was assigned a design project for a local 

company, Solar Choice Blinds.  Solar Choice Blinds is a newly developed company that 

specializes in solar alternative energy products.  Over the past 14 weeks Sky Solutions have 

focused on Solar Choice’s current blind product.  After initial analyses and feedback from Solar 

Choice, the design team has concentrated on three different areas: Active Blind Prototype, 

Energy Output Analysis, and a Computational Fluid Dynamic Model. 

The Active Blind Prototype was developed to determine the feasibility of a blind system that 

tracks the orientation of the sun throughout the day.  Initial research suggested a tracking system 

improves efficiency upwards of 30%.  The developed prototype is based on a microchip 

controlled system that displaces the blind 45 times per day to maintain optimal blind orientation.     

The Energy Output Analyses was conducted to evaluate the performance of the current passive 

system and the active blind prototype.  Experimental procedure included continuous data 

acquisition of aluminum core surface temperature, solar flux, ambient air temperature, and fluid 

velocity.  Through heat transfer analysis, and thermal energy output, blind efficiency was 

determined for both the passive and active systems.  Experimental testing of the passive system 

in March yielded approximately 1.4kW/m2 of thermal energy output.  This result correlates to 

11% efficiency.  Preliminary testing of the active system was conducted.  Results indicate the 

active system core temperature increases at significantly higher rate in the morning hours 

compared to the passive system.  Energy output analyses suggest the active system increased the 

thermal energy output by 61% in comparison to the passive system. 

Preliminary computational fluid dynamic models of the room and current blind design were 

developed for future design changes.  The room model analyzed was a 12’x12’x12’ room with a 

large bay window.  Boundary conditions of the room include conduction, radiation, and 

convection properties.   Initially the model will solve for a steady state solution; its solution will 

describe the flow once the room has “settled”.  Modeling the room will demonstrate 3 things: air 

flow in a large window room, efficiency of an indoor solar heating system, and how the air flow 

changes with different assumptions.  The blind model analyzed the rate of heat transfer from the 

aluminum core to the air flowing through the blind.  Results confirmed the fluid attained the core 

temperature within the first section of the blind with an average exit velocity of .26 m/s.  

Modifications to the design to increase fluid velocity could potentially result in an increase of 

efficiency.     

 



 

3 
 

 

Acknowledgements 
 
The Sky Solutions Team would like to acknowledge and thank Solar Choice Blinds for 

presenting the University with this project.  Through collaboration with Solar Choice Blinds 

the design team had access to crucial information and testing locations.  

 
The following individuals have devoted a portion of their time and resources to the productivity 
of Sky Solutions Project:  

Solar Choice Blinds: 
Jason Malmstrom and Keith Mckinzie 

Dr. Keith Lodge and Matt Roberts (Active Blind Control System) 
Dr. Daniel Pope (Computational Fluid Dynamic Modeling) 
Scott Norr (Experiment Data Acquisition) 
Darrel Anderson (Model Construction) 
Chris Stevens (Malosky Stadium Assistance) 

 
 
 



 

4 
 

 

Table of Contents 

Introduction..................................................................................................................................... 5 

Problem Statement ...................................................................................................................... 5 

Mission Statement....................................................................................................................... 5 

Company Overview ........................................................................................................................ 6 

Active Blind Prototype ................................................................................................................... 8 

Control System: .......................................................................................................................... 8 

Energy Output Analysis................................................................................................................ 13 

Experimental Data .................................................................................................................... 13 

Blind Efficiency........................................................................................................................ 17 

Active vs. Passive System......................................................................................................... 19 

CFD Analysis................................................................................................................................ 23 

Room Analysis.......................................................................................................................... 23 

Blind Analysis........................................................................................................................... 26 

Model Conditions.................................................................................................................. 26 

Model Geometry ................................................................................................................... 27 

Model Results ....................................................................................................................... 27 

Conclusion .................................................................................................................................... 31 

References..................................................................................................................................... 32 

Appendix A (Baseline Report)...................................................................................................... 33 

Appendix B (Active Blind System Code)..................................................................................... 56 

Appendix C (Experimental Data Tables)...................................................................................... 58 

 

 



 

5 
 

 

Introduction   

Problem Statement 

Solar Choice Blinds is a growing company who needs their current solar blind system 
scientifically evaluated and potentially improved. 

Mission Statement  

Sky Solutions will evaluate the current Solar Choice Blind product.  Controlled experiments will 
be conducted to analyze the efficiency and thermal output of the blind.  A procedure for 
measurement parameters of these experiments will be developed.  Preliminary numerical 
analyses of the blinds using Computational Fluid Dynamic modeling will be created.  Time 
permitting, the model (if within specifications) will allow studies to be performed to advance 
system design.  The Sky Solutions Team will accomplish these objectives and present their 
formal report by 5/14/09. 

Sky Solutions, a student design team within the University of Minnesota Duluth 
Mechanical/Industrial Engineering Department was assigned a design project for a local 
company, Solar Choice Blinds.  Solar Choice Blinds is a newly developed company that 
specializes in solar alternative energy products.  Over the past 14 weeks Sky Solutions have 
focused on Solar Choice’s current blind product.  After initial analyses and feedback from Solar 
Choice, the design team has concentrated on three different areas: Active Blind Prototype, 
Energy Output Analysis, and a Computational Fluid Dynamic Model.  Original alternatives can 
be found in baseline report in Appendix A. 
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Company Overview 

The Solar Choice produces a blind system that captures solar energy for efficient distribution 
into the home. Solar Choice is a startup company with limited resources.  The design was 
initially developed by Keith McKinzie and its manufacture and distribution is managed by Jason 
Malmstrom.  The company believes that they need to have an engineering study performed to 
verify their claims.  To this need, they have contracted Sky Solutions as an engineering 
consultant team.  Sky Solutions is a University of Minnesota Duluth Undergraduate Mechanical 
Engineering Design team. The team is lead by Thomas Rustad (Team Manager/ CFD). Thomas 
directs: Mathew Sahli (Computational Fluid Dynamics Modeling), Ryan Kertes (Experimental 
Data), and Michael Bushey (Active Blind System). 

Solar
Choice

Jason Malmstrom
Product/Sales Manager Keith McKinzie

Product Designer

Tom Rustad
Team Manager/ CFD Design

Assistant

Michael Bushey
Experimental Design

Head

Ryan Kertes
Experimental
Coordinator

Mathew Sahli
CFD Design Head

Sky Solutions
Engineering Team

 

Figure 1: Company Decomposition Diagram 

 

Solar Choice Blinds has designed a vertical blind system to efficiently transfer heat from the 
sun’s energy into a home.  The design consists of a vertical aluminum sheet which is enveloped 
in a plastic sheath.  Solar energy (light) travels through the window and sheath.  The blinds 
capture the solar energy in this aluminum core through radiation and warm the room by natural 
thermal convection of room air up between the sheath and aluminum sheet to be discharged back 
into the room at an elevated temperature. 
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Figure 2: Product Decomposition Diagram 

 

 
Figure 3: Blind Functionality  
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Active Blind Prototype 

The purpose of the active blind prototype is to test the feasibility of Solar Choice Blind’s Phase 2 

proposal, an active blind system.  The prototype was designed to follow the sun’s position 

throughout the day to increase solar energy capture efficiency.  Research done by other 

organizations has suggested active systems can increase efficiency by 30% [5]. 

Control System: 

The active blind prototype tracks the sun by moving 3.6 degrees every 11 minutes and 5 seconds.   

The blinds move 45 steps every day during the 8 hours in which there is the greatest amount of 

solar flux hitting the blinds.  This allows the blind surface to be normal to the sun throughout the 

8 hour period.  This increases the efficiency of the blinds by converting solar energy into heat 

more effectively than a passive system.    

The prototype system works with a “BASIC Stamp II” microcontroller which monitors the 

movement of the servo motor.  The servo motor turns the blinds by rotating the gear set of the 

blind header.  An encoder attached to the motor verifies accuracy and precision of the system.  

The encoder has ten square gaps that interact with the photo interrupter.  These ten gaps allow 

for the motor to move 36 degrees per step.  The encoder wheel and photo interrupter is pictured 

below in Figure 4.  

 

Figure 4: Photo-interrupter and Encoder Wheel 

 

The motor is connected to the standard gear set included in every blind header system.  The ratio 

of the gear set is 10:1.  Therefore every 10 complete rotations of the motor correlate to the blind 

set rotating one complete revolution.  This allows the prototype to move the blinds 3.6 degrees 

when the motor moves the encoder 36 degrees from one gap to the next.   A mathematical 

representation of the gear set and motor interaction is represented below. 
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The microcontroller monitors the input coming from the photo interrupter by checking if it is 

open or blocked.  Interpreting this input the microcontroller determines when the blinds have 

reached the correct position.  Once the motor has reached its target location the microcontroller 

pauses for 11 minutes and 5 seconds. 

After the microcontroller has completed 45 cycles it holds its final position for roughly one hour 

in attempt to catch the final amounts of solar flux for the day.  Once this position has been held, 

the microcontroller signals the motor to move back to its original starting position and wait for 

15 hours.  Once the microcontroller has waited 15 hours it begins the cycle again.  This cycle 

continues until the prototype’s power supply is disconnected.  A flow diagram of the instructions 

that the microcontroller executes is shown in Figure 5 below. 
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Figure 5: Active System Operation Flowchart 

The code was written in pBASIC, a language very similar to Visual BASIC.  This language 

allows for intuitive commands.  For example, if one wanted the code to pause for a certain period 

of time the programmer would write “Pause 10.” This would tell the microcontroller to pause for 

10 thousandths of a second.  These intuitive commands allow the programmer to quickly learn 

the language. 

The software provides the blinds with the needed information to be orientated accurately to the 

sun continuously throughout the day.   Table 1 shows the various positions of the sun on April 

15th, 2009 according to the United States Naval Organization and the blind’s position at the 

times listed [6].  The sun’s position in the sky fluctuates by as much as ten degrees over the 
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course of year.  This creates an error in the position of the blinds at certain times.  In Table 1 the 

10:45 am position of the sun and the blinds differ approximately 5 degrees.  This indicates that 

there will be slight error in the position of the blinds. 

  Table 1: Solar and Blind Position 

Time 

Blind 

Pos.  

°(E of N) 

Sun Pos  

°(E of N)  Time 

Blind 

Pos.  

°(E of N) 

Sun Pos  

°(E of N) 

8:00 98.9 104  12:13 181.7 181.9 

8:11 102.5 106.2  12:24 185.3 186.4 

8:22 106.1 108.5  12:35 188.9 190.9 

8:33 109.7 110.9  12:46 192.5 195.3 

8:44 113.3 113.4  12:57 196.1 199.6 

8:55 116.9 115.9  13:08 199.7 203.9 

9:06 120.5 118.6  13:19 203.3 207.9 

9:17 124.1 121.3  13:30 206.9 211.9 

9:28 127.7 124.1  13:41 210.5 215.7 

9:39 131.3 127.1  13:52 214.1 219.3 

9:50 134.9 130.1  14:03 217.7 222.8 

10:01 138.5 133.3  14:14 221.3 226.2 

10:12 142.1 136.7  14:25 224.9 229.4 

10:23 145.7 140.2  14:36 228.5 232.5 

10:34 149.3 143.8  14:47 232.1 235.5 

10:45 152.9 147.6  14:58 235.7 238.4 

10:56 156.5 151.5  15:09 239.3 241.1 

11:07 160.1 155.5  15:20 242.9 243.8 

11:18 163.7 159.7  15:31 246.5 246.3 

11:29 167.3 164  15:42 250.1 248.8 

11:40 170.9 168.4  15:53 253.7 251.2 

11:51 174.5 172.9  16:04 257.3 253.5 

12:02 178.1 177.4  16:15 260.9 255.8 
Position of Sun found at United States Naval Organization website.  http://aa.usno.navy.mil/data/docs/AltAz.php 

In order to work correctly the active blind prototype needs to be calibrated whenever it loses 

power.  To calibrate the blinds the user must position the blinds in the correct position and then 

depress the reset button located on the board of education at 8:00 AM.   In order to position the 

blinds correctly, the motor must be turned manually so that the blinds are moving in the 

clockwise direction.  This is very important because the blinds gear set is slightly loose and 

could cause an error in position of up to 20°.  If the blinds were moved counter-clockwise to its 

beginning position, the blinds position would lag approximately 20° due to backlash in the gears.  
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The control system of the active blind prototype has only a few parts.  A bill of materials can be 

seen in Table 2 below.  

 

Table 2: Active System 

Part Company Price Bulk Price  (100 or 

more) 

BASIC Stamp II Parallax $49.00 $39.20 

Board of Education Parallax $69.99 $55.99 

Continuous Servo Parallax $12.99 $11.69 

BASIC Stamp Software Parallax $0 $0 

Resistors Digi-key $0.15 $0.07 

Photo Interrupter Digi-Key $1.68 $0.95 

Encoder NRRI  $5.00 $5.00 

Power Supply Parallax $10.99 $8.79 

    

 Total $149.80 $121.69 

 

With this initial prototype the foundation of Solar Choice’s active blind system has been created.  

The system is functional, efficient, and has the basic principles needed to test the feasibility of 

sun-tracking solar blinds.  The model is cost effective, easy to assemble, and simple to calibrate.  

The software is basic and has a very low learning curve making the system easy to manipulate.  

Overall the active blind prototype is an effective way to track the sun and increase the efficiency 

of the passive solar choice blinds.  

 



 

13 
 

 

Energy Output Analysis 

Experimental Data 

Sky Solutions has performed an experiment on three different blind sets to analyze the 

conversion of solar radiation energy into thermal energy.   The results have been based on 

continuous measurements by a system of data loggers.   

The systems analyzed included both an active blind and a passive blind.  Blind size varied by 

length as documented below in Table 3.  As described in the previous sections the active blind 

system was developed to follow the path of the sun throughout the day.  The active system was 

tested with the same size blinds as the passive system to ensure a realistic analysis when 

comparing the systems. 

 

Table 3: Blind Dimensions 

 

 

 

 

The experimental data was collected in two locations: Solar Choice Testing Facility 1 (northwest 

of Duluth, MN) and Solar Choice Testing Facility 2 (Two Harbors, MN).  The active and passive 

systems were tested at Solar Choice Testing Facility 1 while the short passive blind was tested at 

Solar Choice Testing Facility 2.  Each blind set had a data logger system that continuously 

recorded the blinds inlet and outlet surface temperature.  Using this data the team calculated the 

thermal energy output using natural convection heat transfer theory. The ambient air temperature 

in the facilities was also collected to examine the extent and the speed that the transferred heat 

traveled throughout the room.  The data logging system collected measurements continuously 

from March 15 through April 23 for both passive system blind sets.  Due to time restrictions, 

experimentally recorded data for the active blind system was limited to one week.  The team 

analyzed five days in which the blinds performed the best 

The different data types that were collected by the team to perform the analysis of a blind set are 

shown in Table 4.  The team measured the solar flux hitting the blinds.  This is an indicator of 

the amount of available energy that can be transferred into heat output every second.  Air 

temperature outside the window was measured, as well as the ambient temperature which was 

Blind Length (in.) Width (in.) 

Passive 65 4.2 

Passive - Short 32 4.2 

Active 65 4.2 
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measured approximately 6 feet high in the middle of the testing room.  The inlet surface 

temperature was measured at bottom of the blind while the outlet surface temperature was 

measured at the top of the blind as the heated air was released into the room.   

 

Table 4: Experimentally Measured Values 

 
Experimentally 

Measured 
Instrument Units 

Continuously 

Logged 

1 Solar Flux Pyranometer kW/m^2 x 

2 Outlet Surface Temp Thermocouple °F x 

3 Inlet Surface Temp Thermocouple °F x 

4 Ambient Air Temp Thermocouple °F x 

5 Air Velocity Anemometer m/s  

 

 

Figure 6: USB Data Logger 

Sky Solutions has developed an experimental procedure that will allow an accurate analysis for 

the amount of thermal energy output from the blinds.  The first condition is the type of window.  

Different types of windows allow varying amounts of solar flux to pass through.  Commercial 

windows tend to have a lower emissivity and are not favorable because a lower amount of solar 

flux transfers through the window, leading to a decrease in thermal energy transfer.  The next 

condition for an accurate experiment is the system and whether it will be free of interaction 

effects.  A closed room system will yield the most accurate results because the heat transferred 

by the blinds will not escape.  To ensure an accurate analysis of the blinds there must be 

windows that allow adequate amounts of solar flux to enter as well as a system with minimal 

contact. 

Once the initial conditions are met, a proper blind experiment may be performed with the 

following items: a pyranometer, three thermocouples, and an anemometer.  A pyranometer can 

cost less than $100 to over $1000.  The large price difference is due to the accuracy of the 

instrument.  A more expensive pyranometer will be much more accurate allowing a better 

experimental analysis to be performed.  The pyranometer used in the experiment was accurate to 
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0.001 kW/m2.  Type K thermocouples may cost between $10 and $100.  While the accuracy is 

similar, more expensive thermocouples have the ability to measure higher temperatures.  The 

thermocouples used in the experiment were accurate to 0.1 Deg. F.  Anemometers prices vary 

between tens and hundreds of dollars depending on their accuracy.  A less costly anemometer 

may measure air velocity to a tenth of a degree while a more expensive instrument can measure 

to a thousandth of a degree.  The anemometer used in the experiment was accurate to 0.1 m/s2.  

The most appropriate instruments should be chosen based on the experiment being performed. 

The pyranometer should be in a location where it cannot be blocked by neighboring structures.  

The pyranometer will be used to provide a basis for the amount of available energy that can be 

transformed into heat by the blind system.  Sky Solutions obtained a pyranometer that was able 

to measure data continuously, every second, throughout the experiment.  This allowed the team 

to accurately calculate the total solar flux entering the blinds throughout the testing period. 

The next part in the experiment is to ensure that the blinds are fastened in their vertical upright 

position and directly facing the window.  To calculate the amount of output heat there must be 

sensors that detect the temperature of the aluminum core.  The sensors must be placed in two 

locations: the top and bottom surface of the blind.  When placing these sensors it is important 

that they do not impede the air flow through the blind.  The surface temperatures are used to 

determine the thermal energy transferred by the blinds.  Sky Solutions used type K 

thermocouples as the sensors to measure the temperature of the top and bottom surfaces.  Using 

these thermocouples the team was able to log data continuously at a sample rate of one data point 

per minute.  This frequency enabled high precision when calculating the blind system’s output 

energy. 

In addition to surface temperature, ambient air temperature was measured to support the natural 

convection and the computational fluid dynamics (CFD) model.  In order to get an accurate 

sample the sensor should be placed in the center of the room.  The ambient air temperature of the 

room is an indicator of how well the blinds transfer heat throughout the room, not just near the 

window.  Sky Solutions placed the thermocouple 10 feet from the window and 6 feet off the 

floor.  The thermocouple used in the team’s experiment was able to continuously collect data at a 

rate of one sample per minute.  Knowing the ambient temperature at this rate allowed the team to 

accurately calculate the output heat from the blinds. 

An anemometer was used during the experiment to measure the air flow through the blind.  The 

data collected was not continuously logged; instead the team measured everything manually.  By 

placing the anemometer over the outlet duct the team determined the average air velocity through 

the blind to be 0.8 m/s.  This measurement was used to verify energy calculations and compare 

to the CFD model results. 

A data logging system was required to continuously record temperature measurements.  Figure 6 

shows the data logger used in the experiment.  The cost of a single data logger was less than $50.  
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Sky Solutions chose single channel USB loggers capable of collecting 16,000 samples at variable 

rates.  This number of samples enabled the team to collect two consecutive weeks of data at a 

rate of 1 sample per minute.  The data loggers offered the ability to plug in different 

thermocouple temperature sensors.  To access the data the team inserted the logger into a 

computer’s USB port.  The included software allowed the team to view the data through graphs, 

spreadsheets, etc.  The data logging system was a simple, affordable, and portable method for 

collecting the experimentally measured data. 

There are relationships between when the maximum solar flux occurs in the day and the 

maximum ambient and outlet temperatures achieved.  Table 5 shows that the maximum solar 

flux occurs around 1:00 PM.  After this time the amount of energy that can be transferred into 

heat decreases.  The outlet reaches its maximum temperature at 3:00 PM.  This indicates that 

although the solar flux is decreasing, the energy stored in the aluminum is able to increase the 

transfer of heat for another two hours.  The maximum ambient temperature does not occur until 

4:00 PM.  Although the outlet surface temperature is decreasing, the distribution of heat through 

the room increases for an hour. 

Table 5: Time of Day Maximum Solar Flux, Ambient, and Outlet Temperatures Occur 

Passive System 

Max Solar Flux 

(time) 

Max Ambient 

(time) 

Max Outlet 

(time) 

Day 1 (March 14) 1:30 PM 3:30 PM 3:00 PM 

Day 2 (March 15) 1:00 PM 4:00 PM 3:00 PM 

Day 3 (March 16) 1:00 PM 4:00 PM 3:00 PM 

Day 4 (March 18) 1:00 PM 4:00 PM 3:30 PM 

Day 5 (March 19) 1:00 PM 4:00 PM 3:30 PM 

 

 

 

Table 6 shows that there is correlation between the maximum available solar flux during the day 

and the maximum core surface temperatures reached by the blinds.  As the solar flux decreases 

from Day 1 to 3, the maximum core surface temperatures decrease as well.  A decrease of 50 

Watt/m2 resulted in a six degree loss of the core surface temperature.  Atmospheric conditions, 

such as temperature, cloud cover, and percipitation will interfere with the blinds ability to reach 

higher surface temperature.  Although the highest solar flux occurred on Days 4 and 5, the 

maximum core surface temperatures reached were similar to Day 3.  The maximum core surface 

temperature reached by the blinds will vary depending on the outside environmental conditions. 
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Table 6: Maximum Solar Flux and Core Surface Temperatures 

Passive Max kW/m^2 Max Core Surface Temp. (Deg. F) 

Day 1 (March 14) 0.966 114 

Day 2 (March 15) 0.956 110 

Day 3 (March 16) 0.916 108 

Day 4 (March 18) 1.02 109 

Day 5 (March 19) 1.01 106 

 

Blind Efficiency  

Efficiency was calculated as the total energy output from the blind divided by the total solar flux 

accumulated through the day.  The efficiency of the passive system is highly dependent on the 

season.  During winter the sun’s path has a lower altitude angle above the horizon.  The solar 

flux in winter is less due to fewer hours of sunlight.  Although the solar flux available is lower, 

the sun’s rays hit the blinds more directly enabling them to reach higher surface temperatures.  

The greater surface temperatures allow the blind to output a greater amount thermal energy.  Sky 

Solutions began testing the passive system during March and concluded testing in April.  Table 7 

shows that the passive system reached a max core temperature of 15 degrees higher in March 

than April.  Although there was less solar flux accumulated on the blinds in March, the higher 

core temperatures allowed the blinds to output 386 W/m2 more thermal energy than in 

April.  In March, the greater energy output enabled the passive system to have an average 

efficiency of 10.6%, about 5% more than in April.  This indicates that as the winter months 

pass, the efficiency of the blinds decreases considerably.     
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Table 7: Passive Efficiencies Comparison 

Total Blind Energy 

Output 

Total Solar 

Flux 

Average 

Efficiency 

Max Core 

Temp. 
 

Day 
W/m^2 W/m^2 % Deg. F 

April 

29 
994 16985 5.9% 95.6 

March 

15 
1380 13002 10.6% 110.8 

 

The efficiency of the blind sets also depends on the time of day.  Figure 7 shows that the passive 

system’s efficiency begins to increase at 8:30 AM and continue until 4:00 PM, when it reaches a 

maximum of 20%.  Between 11:30 AM and 12:30 PM the passive system increased its 

efficiency by 7%, the fastest rate over the course of the day.  This is due to the large amount 

of solar flux received by the blinds.   After 4:30 PM the efficiency of the passive system 

decreases very quickly.  The passive system’s efficiency decreased 13% between 4:30 PM 

and 5:00 PM indicating that the solar flux is decreasing rapidly during this period.  

 

 

Figure 7: Passive System Efficiency 

Figure 8 shows that the solar flux entering the blinds reaches its maximum at 1:00 PM, when the 

sun is at its highest altitude angle.  The energy output of the passive system begins to increase 

significantly around 11:30 AM and continue until 3:00 PM.  The passive system is able to 
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continue transferring energy output until 6:00 PM, five hours after the maximum solar flux was 

achieved.   

 

 

Figure 8: Comparison of Passive System’s Energy Output and Solar Flux 

 

Active vs. Passive System 

The Active Blind System was tested in mid-April at the Solar Choice Testing Facility I.  The 

Active System was compared to the current passive system under the same conditions.  Figures 9 

and 10 show the test configuration as well as the microcontroller and how they were set up to run 

the test. 

 

        

Figure 9: Active Blind Testing 

Configuration at Solar Choice 

Testing Facility I 

Figure 10: Microcontroller at 

Solar Choice Testing Facility I 
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The active blind system, when compared to the current passive system, has shown improvement 

after preliminary testing.  The preliminary testing is not an ideal case because it was conducted 

during the month of April.  This caused a problem since the sun is at a higher elevation angle in 

the sky and less solar flux is transferred to the blinds because it is often being shaded during 

testing.  More testing should be completed during the winter months to find out how beneficial 

this active blind system truly is.  In spite of the testing being less than ideal it is still possible to 

see some improvements in the active systems performance.   

 

 

Figure 11: Comparison of Active and Passive System’s Surface Temperature 

 

Figure 11 shows the noticeable improvement of the active blind system.  At 11:30 AM the active 

blind system’s surface temperature rises dramatically compared to the passive system.  This 

indicates that, during the beginning of the day, the active system will be able to increase its 

surface temperature at a faster rate than the passive system. The active system enables the blinds 
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to achieve a greater total heat output.  This is due to the active system’s blinds maintaining a 

higher surface temperature for a longer period of time. 

 

During the beginning hours of testing the data doesn’t show noticeable improvement between the 

two systems.  This is likely due to both sets of blinds receiving a small amount of solar flux 

causing the blind surface temperature to be close to the ambient air temperature in the room.  At 

8:30 AM the active system data shows a slight jump in surface temperature.  This may be due to 

the sun coming through one of the east facing windows and striking the back of the blinds. 

 

 

 

Figure 12: Comparison of Active and Passive System’s Energy Output 

The energy output comparison between the active and passive systems is very encouraging 

because modest increases in surface temperature correspond to large increases in energy output.  

Figure 12 and Figure 13 below show that the active system can output 4 Watt/m^2 more thermal 

energy when its surface temperature increases by one degree over the passive system.  Therefore 

the greater increase in blind surface temperature corresponds to a much greater increase in heat 

output. 
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Figure 13: Comparison of Active and Passive System’s Efficiency 

 

When analyzing the two system’s efficiencies the team found the largest advantage of the active 

system is its ability to increase the core temperature significantly faster than the passive system.  

As far as the efficiency of both systems, the team has found that during the sunniest parts of the 

day the active blinds have an efficiency of 10%-14%.  The passive blinds showed efficiencies 

between 5%-12%.  This shows the noticeable improvement of the active system over than 

passive system. 

 

Table 8: Energy Output from Active and Passive System 

Active Energy Output Passive Energy Output 
Average Heat Output 

Increase 

W/m^2 W/m^2 % 

994 616 61.5% 

 

Table 8 shows the amount of energy output from both systems.  The two systems were tested on 

the same day allowing them to experience the same solar flux.  The active system was able to 

attain a larger total energy output than the passive system.  This increase of 378 W/m^2 in 

thermal energy shows the active system has greater efficiency potential than the current design.
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CFD Analysis 

In order to understand the analysis of the CFD models created, a CFD background will be 

presented. Initially a physical model of the assembly is created using Solid Works.  The 

assembly is based upon the current design of Solar Choice Blinds. In CFD analysis, the fluid is 

the portion being analyzed. The assembly’s physical part is then subtracted from the space it 

takes, thus obtaining the fluid/air. The fluid is then broken up into small volumes used to perform 

the heat and mass calculations. The Gambit program builds a mesh model that breaks up the 

fluid into these finite volumes.  The size of the mesh significantly affects the accuracy of the 

model. Initially the mesh is very large in order to build a baseline for calculations. Future 

meshing can be refined in the Fluent modeling program.  The fluent modeling program 

downloads the mesh created in Gambit and analyzes it. The user defines all conditions placed 

upon the fluid. These conditions include, but are not limited to, aluminum surface temperature, 

internal friction, conduction properties, and inlet temperature. 

The CFD analysis is divided into two sections: modeling the room to test the practicality of an 

indoor solar heating system, and modeling the blind to maximize its efficiency. 

Room Analysis 

The model created was for a 12’x12’x12’ room that has a large bay window.  Boundary 

conditions of the room include conduction properties, radiation properties, and convection 

properties.  Initially the model will be studied at steady state, meaning its solution will describe 

the behavior once the room has “settled”.  The flat plate (simulating the blind panel) was 

modeled as 72”x72”x1”.  The plate front is assumed to be perfectly black, while the backside is 

assumed to be perfectly reflective.  

Together, these models can determine the increased energy observed in a room with the large 

“black” surface compared to one without. 

Modeling the room will demonstrate three things: air flow in a large window room, efficiency of 

an indoor solar heating system, and the air flow changes inside a room with a large aluminum 

plate.  

Room Results 

The CFD model attempts to converge on a single solution of room air flow and temperature.  The 

rooms air flow continually changes as heat rises from the heated carpet to the ceiling, then as the 

heated air cools it drops back to the heated surfaces.  This effect of rising and falling is shown in 

Figure 13 below. 
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Figure 13: Velocity and Temperature Flow Comparison 

Figure 14 displays velocity direction vectors on the cold window surface.  Warming air rises 

from the carpet following the contour of the window, meanwhile cooling air falls from the 

ceiling along the window. In a large room not even the surface flows are constant.  Figure 2 

shows the complexity of the large flows in a room. 

 
Figure 14: Velocity Vectors Showing Direction and Magnitude of Flow 
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Figure 15: Side View of Window Surface, Displaying Upward and Downward Flow on the 

Window 

 

Conclusions 
Future 3D modeling will enable the ability to study the effects of: multiple blinds, vertical sun 

angles, a ceiling fan, low-e windows (one way lighting), and transient state conditions.  Multiple 

blinds modeled within a room will give the most realistic representation. 

A greater sun elevation angle hitting the blinds causes them to be less efficient.  Modeling 

various solar elevation angles and solutions may show a larger heating period.  Ceiling fans 

make heating systems more efficient by pushing hot air into cooler portions of a room.  Whether 

the fans will increase the efficiency of solar blinds is still in question.  The blinds efficiency is 

partially dependent on a very low intake temperature.  If the intake temperature is higher, the 

efficiency could go down. 

Low-e windows have the ability to let light in but not out.  This one way radiation effect is 

similar to that of the blinds.  

Actual air flow through the room isn’t steady because conditions are always changing.  Transient 

state modeling would provide insight about how a room changes as it is heating and cooling, 

both with and without the blinds. 
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The blind’s main function is to efficiently collect solar radiation.  The blinds are able to collect 

more energy when the temperature differences between the radiation source and “heat sink” 

(blind) are larger.  Radiation collection is also based on the emissivity (the ability for the blinds 

to accept the energy) of the blinds.  Emissivity is based on three properties: reflectivity (how 

much light bounces off of the blinds), absorptivity (the capability of the blinds to absorb the heat 

into the blind/aluminum material), and transmissivity (the ability for the blinds to retransmit the 

energy). 

Recommendations 
A physical model may need to be created in order to accurately test the results found through 

CFD.  The model would contain two identical rooms for simultaneous testing.  One room would 

provide act as a baseline for comparison while the other room would have the newest design 

concept.  Multiple temperature sensors would need to be located in each of these rooms in order 

to provide an accurate average temperature. 

Currently the blinds are being maximized to achieve the highest blind surface temperature.  The 

team proposes that just the opposite be done, the lower the blind surface temperature the more 

heat has been transferred through it.  This will allow more energy to be transferred into the air, 

thus maximizing convection. Energy transfer through convection is found by the temperature 

difference ( , mass flow rate  and the materials specific 

heat ( ). . Studying this equation, the larger any of these 

variables, the larger the energy transferred. In our case if the flow rate can be increased 

dramatically, while only minimally decreasing the temperature difference there will be an 

increase in heat transfer. 

The blind “color” is very important in minimizing the reflectivity of the blinds.  The team 

recommends that paint materials specific to aluminum, be studied in order to achieve the lowest 

solar reflectivity. 

The plastic sheath surrounding the blind should be engineered for minimum reflectivity and 

absorptiveness, while allowing maximum transmissivity.  Studying outdoor solar panels and 

their coatings could be very beneficial.  

Blind Analysis 

A computational fluid dynamic model was developed to evaluate the heat transfer and fluid flow 

through the current blind design.  The model was developed based on knowledge and the results 

obtained from experimental measurements. 

 Model Conditions 

The model, developed in Cosmos Flo-Works, is a steady state model defined by boundary and 

initial conditions.  The initial condition consists of ambient air temperature, which represents the 
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inlet air temperature at the bottom of the blind model.  The model’s boundary conditions are 

defined as the aluminum core temperature and inlet/outlet pressures.  Due to model simplicity, 

heat transfer through the plastic sheath is assumed to be negligible because of the low thermal 

conductivity of plastic.  The model conditions are displayed in Table 9.  The conditions were 

chosen after analyzing the experimental results and selecting realistic values.  

Table 9: Model Conditions 

Aluminum Core Surface Temp 116 °F (319 K) 

Ambient Air Temp 70 °F (293 K) 

Inlet/Outer Pressure 101.3 kPa 

Fluid Medium Air 

Gravitational Force (Y axis) 9.81 m/s 

 

Fluid flow through the blind is generated by natural convection resulting from temperature 
differences in a gravitational field.  Therefore the air velocity through the blind model is 
developed due to the difference between the inlet and outlet temperature (air density).     

Model Geometry 

The fluid geometry is determined from blind dimensions.  Figure 17 shows the standard 4.2 inch 

by 65 inch blind was used to develop the model geometry.  These measurements are documented 

in Table 10 below.             

 

       Table 10: Blind Dimensions 

 

 

 

 

Figure 17: CAD Image of Blind 

Model Results 

The model generated a mesh of over six hundred thousand cells within the blind fluid volume.  

Through mathematical calculations, the temperature and velocity within each cell was 

determined.  The temperature distribution of the fluid model is shown below in Figure 18.  The 

range of temperature is represented by color from blue to red as shown. 

Blind 
Length 

Blind 
Width 

Core 
Width 

Core 
Thickness 

65" 4.2" 4" .04" 
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Figure 18: Fluid Temperature Distribution 

The results of the fluid temperature distribution suggest the fluid volume attains the core surface 

temperature (319 Kelvin) within the lower third section of the blind.  The thermal heat transfer 

from the core surface to the fluid has a direct correlation to the velocity flow through the blind.  

The average inlet temperature (295 Kelvin) of the fluid is slightly above the ambient air 

temperature.  As expected, the average outlet temperature is equivalent to the aluminum core 

surface temperature.  These values are listed in Table 11 below.  

 

 

 

Table 11: Average Blind Inlet/Outlet Temperatures 

Average Inlet Temperature Average Outlet Temperature 

295 Kelvin 319.8 Kelvin 
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Figure 19:  Fluid Temperature vs. Blind Length (20 trajectories) 

The fluid flow trajectories temperatures are shown in Figure 19 above.  In this figure twenty 

trajectories demonstrate an increase of temperature as the trajectories displace up through the 

blind.  The trajectories represent the fluid flow through the blind.  As expected, the temperature 

of all trajectories converged to 319K prior to exiting the blind.  Figure 19 also shows the 

temperature trends during the first section of the blind.  As shown in the temperature distribution 

in Figure 18, the inside fluid trajectories have a higher temperature compared to the outside 

trajectories in the lower sections of the blind.  These results correlate with the trends of Figure 19 

above; the outside trajectories temperature increases at a lower rate than the inside.  

The model temperature distribution correlates to the magnitude of velocity.  As expected, the 

areas with a higher velocity show a reduced rate of fluid heat transfer from the aluminum core.  

These areas are shown in Figure 20 below.  The fluid velocity of the outside trajectories has a 

much higher velocity than the inside trajectories.  This is due to the model dimensions (i.e. the 

spacing between the aluminum core and plastic sheath). 

   

Outer Trajectories 

Inside Trajectories 
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Figure 20: Velocity Vectors 

Surface analyses of the model outlet yielded a max outlet velocity and an average velocity.  

These values can be found below in Table 12.  

Table 12: Outlet Velocity 

Max Outlet Velocity Average Outlet Velocity 

.720 m/s 0.262 m/s 

 

The model of the blind enabled the team to learn the rate of heat transferred from the aluminum 

core to the fluid.  Results show that the fluid temperature reaches the core surfaces temperature 

relatively quickly.  Therefore higher fluid velocity through the blind would result in the same 

exit temperature.  
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Conclusion 

The Sky Solutions team has concentrated on three different areas: Active Blind Prototype, 

Energy Output Analysis, and a Computational Fluid Dynamic Model.  

The Active Blind Prototype was developed to determine the feasibility of a blind system that 

tracks the orientation of the sun throughout the day.  The developed prototype is based on a 

microchip controlled system that displaces the blind 45 times per day to maintain optimal blind 

orientation.     

The Energy Output Analyses was conducted to evaluate the performance of the current passive 

system and the active blind prototype.  Experimental procedure included continuous data 

acquisition of aluminum core surface temperature, solar flux, ambient air temperature, and fluid 

velocity.  Through heat transfer analysis, thermal energy output and blind efficiency was 

determined for both the passive and active systems.  Experimental testing of the passive system 

in March yielded approximately 1.4kW/m2 of thermal energy output.  This result correlates to 

11% efficiency.  Preliminary tests of the active system demonstrated that the core temperature 

increased at significantly higher rate in the morning hours compared to the passive system.  The 

energy output analyses suggested that the active system increased the thermal energy output by 

61% in comparison to the passive system. 

Preliminary computational fluid dynamic models of the room and current blind design were 

developed for future design changes.  The room model analyzed a 12’x12’x12’ room with a large 

bay window.  Boundary conditions of the room include conduction, radiation, and convection 

properties.  Modeling the room demonstrated three things: air flow in a large window room, 

efficiency of an indoor solar heating system, and how the air flow changes with different 

assumptions.  The blind model analyzed the rate of heat transfer from the aluminum core to the 

fluid.  Results confirmed the fluid attained the core temperature within the first section of the 

blind with an average exit velocity of .26 m/s.  Modifications to the design to increase fluid 

velocity could potentially result in an increase of efficiency.



 

32 
 

 

References 

 

Cengel, Yunus A. Heat and Mass Transfer A Practical Approach. 3rd ed. New York: McGraw-

Hill, 2003.  

Holman, J. P. Experimental Methods for Engineers. 5th ed. New York: McGraw Hill, 1989.  

Patankar, Suhas V. Numerical Heat Transfer and Fluid Flow. New York: Taylor & Francis 

Group, 1980.  

"Home Energy Calculator." Minnesota Power. 10 Mar. 2009 

<http://www.mnpower.com/powerofone/one_home/energy_saving_tools/energy_calculat

ors/home_energy_calc.htm>.  

Solar Tracking - We Catch the Sun. 10 Mar. 2009 <http://www.solar-tracking.com/>.  

 



 

33 
 

 

Appendix A (Baseline Report) 

Executive Summary 
 
The purpose of this report is to present a series of possible alternatives to Solar Choice Blinds and 
make the team’s recommendations of those alternatives.  In the last seven weeks, Sky Solutions has 
been consulting for Solar Choice Blinds on the improvement of their solar blind product. The product 
improvement scope is open and includes analysis of: Computational Fluid Dynamics (CFD), Product 
Design (manufacturing based), Manufacturing (design based), Active Blind Systems, Temperature 
Data Logging, Energy Output, and Alternative Experimental Locations. 

 
The initial CFD analysis has shown that the blinds can be modeled using the Solid Works CAD 
system as a modeler. The CAD model will be meshed in Gambit and analyzed in Fluent CFD 
program to describe the blinds effects on solar heat transfer.  Accuracy of the initial model is low, 
however with increased familiarity with the software and more modeling time progress in the 
accuracy of the model is expected. Sky Solutions recommends that CFD analysis should be pursued 
by Solar Choice for further development of the blind. 
 
The team suggests that the product design should be altered to ease of manufacture. Current 
manufacturing practices could be greatly improved by changing the design. Alternative designs 
investigated include a design based on current inventory and another requiring new inventory. The 
current inventory design could be manufactured at higher speed and quality than the alternative 
design.  
 
An active blind prototype could be built for Solar Choice using a stepper motor and a programmable 
logic controller.  This prototype would allow the blinds to follow the sun throughout the day.  Sky 
Solutions is able to build the prototype needing only compensation for the parts in the finished 
system.  This design is estimated to cost around $900.  
 
A temperature data logging system would significantly improve the capability of the Solar Choice 
testing facility.  The system would provide a way to continuously log specified blind temperatures 
throughout a set time period.  This is a crucial step in testing the efficiency of different blind 
prototypes and systems at the Solar Choice testing facility.  A range of system’s cost has been found 
to lie between $300 and $800.   
 
The energy output for the current blind product has been calculated based on three experimentally 
recorded values: Air Velocity, Inlet and Outlet Air Temperature.  Through heat transfer computations 
and energy output of 60 watts per blind segment has been calculated.  This correlates to 
approximately 11.5 kWh per day for a set of 24 blind segments. 
 
Sky Solutions has been investigating locations that could accommodate the experimentation on Solar 
Choice Blind systems.  The most promising locations available are Malosky Stadium, Darland 
Administration Building, and the Solar Choice Testing Facility.  Each of these locations provides a 
room where Sky Solutions could conduct an efficiency analysis based upon scientific measurements 
from the blinds.  The team believes that Solar Choice Testing Facility is the best alternative since its 
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windows enable the best heat transfer through the blinds.  Also, the Solar Choice Testing Facility 
would allow the team to perform a controlled experiment, providing the most accurate data. 
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Introduction   
Problem Statement 
Solar Choice Blinds is a growing company who needs their current solar blind system 
scientifically evaluated and possibly improved. 

Mission Statement  
Sky Solutions will evaluate the current Solar Choice Blind product.  Controlled experiments will 
be conducted to analyze the efficiency and thermal output of the blind.  A procedure for 
measurement parameters of these experiments will be developed.  Preliminary numerical 
analyses of the blinds using Computational Fluid Dynamic modeling will be created.  Time 
permitting, the model (if within specifications) will allow studies to be performed to advance 
system design.  The Sky Solutions Team will accomplish these objectives and present their 
formal report by 5/14/09. 

The goal of this report is to provide Solar Choice a set of design alternatives and experimental 
studies that are available.  The alternatives are broken up in to seven sections since they focus on 
distinctly different parts of this project.  This will allow Solar Choice to determine which 
alternatives will benefit their current and future needs.   

The report has been divided into these seven sections.    Each section will begin with a listing of 
the alternatives available, an analysis of those alternatives, and a recommendation of the optimal 
alternative. 

 

Company Overview 
The Solar Choice produces a blind system that captures solar energy for efficient distribution 
into the home. Solar Choice is a startup company with limited resources.  The design was 
initially developed by Keith McKinzie and its manufacture and distribution is managed by Jason 
Malmstrom.  The company believes that they need to have an engineering study of their claims 
performed.  To this need, they have contracted Sky Solutions an engineering consultant team.  
Sky Solutions is a University of Minnesota Duluth Undergraduate Mechanical Engineering 
Design team. The team is lead by Tom Rustad (Team Manager/ CFD design assistant). Tom 
directs: Mathew Sahli (Computational Fluid Dynamics Manager), Ryan Kertes (Experimental 
Coordinator), and Michael Bushey (Experimental Designer). 
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Figure 1: Company Decomposition Diagram 

Solar Choice Blinds has designed a vertical blind system to transfer heat from the sun’s energy 
into a home.  The design consists of a vertical aluminum sheet which is enveloped in a plastic 
sheath.  Solar energy (light) travels through the window and sheath.  The blinds capture the solar 
energy in this aluminum core through radiation and warm the room by natural thermal 
convection up through the plastic sheath and radiation. 
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Figure 2: Product Decomposition Diagram 

 

 
Figure 3: Blind Functionality  
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CFD Analysis 
Initial CFD analysis is being conducted on a single full size blind in a medium sized room. This 
initial analysis will be performed using an imperfect mesh layout shown in Figure 4. The mesh 
layout is the sectional breakup of a part in order to do calculations over a small controlled 
volume before summing those calculations to provide complete results. Initially the mesh will be 
inaccurate and could skew the final results. 

In the future a more accurate mesh will be established for the model. This mesh would include 
smaller elements with less skewing. Finer mesh requires greater calculating power, so the initial 
experiments with less accuracy will be used to provide a basis for further study. 

CFD analysis of the mesh can include general part characteristics in relation to sun light to blind 
heat transfer, frictional flow effects, and blind to room heat transfer.  

 
Figure 4: Mesh Creation in Gambit 

 
In the future, with more specific information, detailed part characteristics will be input into the 
model to achieve more realistic output. Also, the specifics of solar input in the model can be 
adjusted to the exact location and time of the experimental displayed in Figure 5. Further 
accuracies that can be inserted into the model include multiple blind effects, forced convection 
effects, active blind system effects (90 degree angle to sun constantly), etc.. 
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Figure 5: Solar Calculator Pop-up Window in Fluent 

 

Window types and home interior characteristics could alter the effects of the blinds; CFD testing 
could examine the effects of the low-e tints, flooring, window direction, and wall type as shown 
in Table 1. While not discouraging the use of the blinds in these conditions, but it should be 
noted that these highly tinted windows allow less of the sun’s energy to be transferred to the 
“home”.   

 

Table 1: Material/Surface Radiant Properties  
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Table 2: CFD Decision Weighted Matrix 

 

Table 2 shows the weighted matrix of CFD analysis.  All the possibilities within the CFD matrix 
can be pursued, but the highest ratings are recommended for first priority. The rating scale of the 
CFD matrix is based on the perceived priorities of Solar Choice and on the abilities of Sky 
Solutions engineering.  

 

 

 

 

  

Weight          

1-10 

Scale 

Meshing 

Accuracy 

Just 

Window, 

No Blind 

(Control 

Variable) 

Sun 

Calculator 
Forced 

Convection 

Active 

Sun 

Follower 

Radiation 

Effects 

Window 

Type 

Affects 

Relevant 4 8 9 7 3 7 4 8 

Implement 

Cost 
5 7 7 7 2 3 7 7 

Intellectually 

Feasible 
10 4 10 3 2 3 3 3 

Time 

Feasibility 
8 4 7 3 2 5 2 2 

         

Summed Total  139 227 117 58 113 97 113 

         

Rank Priority  

1=first  

7=last 

 2 1 3 7 5 6 4 
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Product Design Analysis With Respect to Production 

 

Case 1 (Production Solution with Current Blind Design) 
The assembly of the blinds is labor intensive, difficult, and slow.  Currently the aluminum core 
fits tightly into the plastic sheath.  This presents a safety or ergonomic concern for the assembly 
team, since there is a risk of being cut by the thin aluminum sheet.  Also, the variable 
characteristics (i.e. thickness and straightness) of the sheath make it difficult to correctly align 
the holes with the aluminum core.   

Another problem is that the assembly of the blinds requires the alignment of three holes through 
both the core and sheath.  These holes are used to place the shoulder bolts holding the aluminum 
core in place.  This is a key step in the assembly of the blinds, if the holes are not correctly 
aligned the product cannot be fully assembled, creating scrap and wasting time. The 
manufacturing of the sheath includes a vacuum extrusion process; this process results in a 
skewed product making it difficult to fit the aluminum core through the sheath and, making it 
very difficult to keep the assembly holes aligned after pre-drilling.  A majority of time spent in 
the assembly process of the blinds was forcing shoulder bolts through holes. 

Blind assembly improvements are proposed to address issues encountered during blind assembly.  
The new design proposes having a single hole drilled through the plastic sheath.  The single hole 
would support the weight of the plastic sheath which is suspended from the aluminum; it is 
sufficient due to the significant amount of friction between the aluminum and the sheath. The 
hole’s location should be in the middle of the sheath, though position will not adversely affect 
blind strength. 

In this design the two other holes through the core would be utilized for spacers. These spacers 
would be placed between the core and the sheath, maintaining the blind to core distance.  The 
spacers would be positioned in the holes at the top and bottom of the aluminum.  Having spacers 
as opposed to shoulder bolts in the assembly has many advantages over the initial design.  By 
having to drill two fewer holes through the plastic sheath the assembly of the blinds will be 
faster.  Also, the spacers enable assembly of the blinds at a faster pace than the current 
process..These design improvements may improve the efficiency of blind assembly. The core 
holes will remain in the same location as in the original design; however the lower and upper two 
holes will be used for internal spacer placement only 

The primary design change has one hole in the center of the blinds where a shoulder bolt holds 
the sheath and core together.  The second improvement would use spacers to maintain sheath to 
core distance rather than using shoulder bolts. The team has concluded the spacer would need to 
be 0.5"(sheath width)-0.04"(aluminum thickness) = 0.46" long to provide the total spacing 
necessary after placement in aluminum core. The current shoulder bolts are being purchased at 
Fastenal. It is likely that this same supplier could provide an adequate spacer for the situation 

There are some improvements in the manufacturing of the blinds that would allow for greater 
assembly efficiency.  All of these suggestions imply that more assembly steps be done prior to 
the components arrival at the production facility.  For the current inventory, assembly could be 
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sped up by pre-drilling holes through the core. The spacers would then be mounted to the 
aluminum core.  To make the assembly process faster the plastic sheath should would have a 
predrilled center hole for the shoulder bolt assembly.  Next, the aluminum core slides through the 
sheath. The final mounting would require alignment of only the center holes and assembly with 
the single shoulder bolt.  These enhancements in the manufacturing of the blinds would make the 
assembly process faster and more efficient while not affecting the overall function of the 
product. 

The aluminum material would continue to be outsourced for bending and cutting, with the 
additional possibility of having the same vendor performing the hole-drilling.  The supplier 
would be the best choice to pre-drill the holes since this would cut the supply chain’s 
complexity, saving time and money.   

Alternative sheath supplies should be explored to manufacture a higher quality sheath.  Having 
less variability in the sheath would make the final assembly of the blinds much easier, with less 
room for error.     

Case 2  (Smaller Aluminum Core) 
There are other methods that could be applied to solve the problems in blind assembly.  The 
major issue is that the core is extremely difficult to push into the sheath.  When the core becomes 
“stuck” in the sheath many problems may arise for both the assembler and blind materials.  
Freeing the “stuck” core takes extra time during blind assembly, slowing down the process.  The 
worker is also at risk because to free the core they must push and pull on the thin cut aluminum, 
increasing the risk of cutting the assembler’s hands.  In order to reduce the risk from forcing the 
core through the sheath, the core can be made narrower by about 0.25,” or possibly more. This 
would almost completely eliminate the friction between the aluminum and sheath allowing a 
smooth assembly to take place.  Although the blind is made narrower it will not suffer any 
significant drawback of its primary purpose, to provide heat through convection.  The surface 
area of the blind will decrease by a small amount but this will not significantly change the heat 
that is being captured and transported into the room. Further analysis would need to be collected 
experimentally to determine the actual flow effects on the part from reducing the core width. 

Although the aluminum will be able to push into the sheath with less error, there are negative 
aspects that must be considered. The narrower aluminum core will experience reduced friction 
between the core and the sheath.  It may be necessary to have more spacers on the blinds 
(possibly two spacers and the top and bottom of the blind). The manufacturing of the case 2 
design would have significant changing costs with likely minimal product quality advantages 

Manufacturing Design Alternative Conclusion 
To determine the best alternative the team has created the following weighted matrix to explicitly 
study how each design change alternative compares to one another: 
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Table 3: Manufacturing Design Alternatives 

Variables Weight 
Current 

Design 

Case 1 

(Current Inventory 

Altered Design) 

Case 2 

(New Inventory 

Design Concept) 

Changing 

Costs 
6 5 4 2 

Air Flow 

Improvement 
9 1 1 1 

Quality 

Product 
7 2 4 3 

Production 

Time 
8 1 3 2 

Safety of 

Worker 
6 2 3 3 

Total  73 103 76 
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Figure 6: Flow Chart of Production in Case 1 and Case 2 

 

The team based the weights on the extent to which the design changes would affect the current 
product line.  The weight of each variable is scored from 1 to 10, with 10 being the largest 
alteration from the current blind design.  The alternative designs are scored from 1 to 5.  Changes 
in the design would change the current cost of the product, but not necessarily by a large amount.  
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Active Blind System 
Sky Solutions is currently investigating stepper motors to produce an active system of sun 
tracking blinds for Solar Choice and increase the amount of heat transferred through the blinds.  
Research studies of solar tracking has shown an increase in efficiency by up to 30% 

This active blind set would function by connecting a stepper motor to the existing blind 
positioning apparatus and then controlling the stepper motor to turn the blinds using a 
programmable logic controller (PLC).  The active blind system would require a stepper motor, 
programmable logic controller, power supply, and PLC control.  In addition, mechanical 
modifications would need to be made to the blind apparatus in order to support the motor, 
controller, and power supply.  An estimate of all of the possible costs of these items is listed in 
Table 4. 

Table 4: Possible Stepper Motor Cost Breakdown 

Item 
Price 
Range** 

Power Supply $109  

Stepper Drive $149  

Cable Motor Extension $13  

Stepper Motor $19  

PLC $99  

12 ft. Cable $10  

Software for PLC $395  

Shipping $40-$100 

Supports $20-$50 

Estimated Total $860-$950 
**all prices from an Automationdirect.com quote 

 

In most situations the PLC will come with partially pre coded software. Software has an 
estimated learning time of 3-4 weeks which should enable the team to write a program for use in 
an active blind system.  The blinds would not follow the sun because they would have no means 
of measuring solar intensity.  Therefore the program would be written to mimic the movement of 
the sun.  The blinds would be made to rotate at the same relative speed as the sun.  This would 
allow the blinds to be constantly perpendicular to the sun during all daylight hours.  This will 
increase the efficiency of the blinds and help consumers save more on their heating bills.   

Sky Solutions recommends building an active blind prototype because it will help Solar Choice 
identify if phase II of their design plan is feasible.  It will provide a test bed to study the 
efficiency of the active blinds compared to the current design to determine if an active blind 
system, at a much higher cost, would be a worthwhile product to market.  It will also give Solar 
Choice a basic active system to improve on in the future.  The price to build this prototype would 
be about $900 (See Appendix A and Table 4 for cost breakdown). 
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 The team’s recommendation is that Solar Choice allows Sky Solutions to develop an 
active blind system because it will cost much less than hiring a consulting engineer.  The 
approximate cost of hiring an engineering consultant is approximately $100/hr.  Sky Solutions 
would require no cost for engineering time.  Assuming that the project would take a consultant 2-
3 weeks time to complete, the final cost of developing this system would range from $9,000-
$13,000 to have a consulting engineer develop the active blinds.  However, Sky Solutions would 
have no cost for engineering time.  The only cost to Solar Choice would be the cost of the 
stepper motor system used to manipulate the blinds.  For an estimated cost breakdown please see 
the table below. 

Table 5: Comparison of Cost for Active Blind System 

Investment 
Time 

(weeks) 
Cost/hr. 

Stepper Motor 

System 
Final Cost 

Consultant 2 to 3 $100  $900  $8,900-$12,900 

Sky Solutions 9 to 10 $0  $900  $900  

 

 Choosing Sky Solutions to complete an active blind system would allow Solar Choice to 
spend less money as well as determine the feasibility of the active blind system.  Based upon 
cost, Sky Solutions recommends that Solar Choice invest in this active blind system at the 
present time.   
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Temperature Data Logger 
With a data logger Solar Choice would be able to track and record blind temperatures 
continuously throughout a sunny day.  This data could then be correlated to solar flux 
measurements, sun position and exposure, and time of day.  Data loggers are available with 
multiple channels for connecting many temperature sensors (thermocouples).  Table 5, below, 
lists several data loggers that are available.   

Table 6: Temperature Loggers 

Brand Channels Samples/Channel 
Sample 

Rate 
Cost 

Instrumart Madgetech 4 26,000 Variable $599.99 

Onset Energy Logger 12 12,000 Variable $315.00 

Omega Data Logger 4 18,000 3 seconds $299.00 

Radford USB logger 1 16,000 Variable $48.96 

DI-TC-4 USB (probe) 1 16,000 Variable $78.95 

Thermo Virtual Chart 2 Network Variable $299.00 

 

The temperature loggers in Table 5 can be distinguished into three different types: USB Single-
channel, Multi-channel, and Network Loggers.  The USB single channel shown in Figure 7 
below is significantly cheaper than the others.  This logger also offers simplicity and portability.  
A negative to the USB logger is memory size and the software capability.  The multi-channel 
logger shown in Figure 8 is the optimal choice among the three types.  The logger can use 
different types of thermocouple temperature sensors.  With this logger the team will have the 
ability to employ one logging system while recording temperature data at various locations.  The 
logger also offers a higher number of stored samples along with increased software capabilities.  
The third option is a Network Logger that would enable the team to access the data via the 
internet.    
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Figure 7: USB Temp Logger     Figure 8: 4 Channel Logger 

All three loggers are viable options that would enable Sky Solutions to record temperature data 
at the Solar Choice Blind testing location.  However, the multiple-channel logger is the 
suggested choice because of its storage capabilities and the software that it is supplied with.  
With a data logger in place at the Solar Choice Testing Facility the team would have means to 
log data throughout an extended testing period.  This capability is crucial in testing the efficiency 
of Solar Choice Blinds and will be invaluable during the next phase, testing an active system. 
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Energy Output Analysis 
Energy required to heat an average home in northern Minnesota during the winter months was 
based on a program provided by Minnesota Power’s website.  With this information it can be 
determined with a high degree of confidence how much heat the blinds produce in relation to the 
average home heating requirements.  It will help the team to determine how much money 
consumers can expect to save on their heating bills by using the Solar Choice Blinds.  For the 
efficiency of the blinds it must be determined how much solar flux is received from the sun as 
measured by the pyranometer on top of the stadium.  Then, using the amount of heat produced 
by the blinds, the efficiency will be determined. 

 

Figure 9: Solar Energy (Malosky Stadium) 

Calculations 
Solar energy transferred from the blinds can be determined on three experimentally measured 
quantities: Air Velocity, and Inlet and Outlet Air Temperature.  The following assumptions were 
made: 

1. Steady-state Operating Conditions Exist 

2. The room air can be treated as an ideal gas with constant properties at room temperature 

Energy generated per day based on 8 hours of sun at highest intensity: 

 

Efficiency based on an average thermal BTU used to heat 

Qtotal 4.147 10
7

× J=  

Qtotal 11.52kWh=  

Qtotal 3.933 10
4

× tBTU=  
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a 1600 square foot home per day in Northern Minnesota. 

 

 

     

 

 

Natural Convection Calculations 
The efficiency analysis that is currently underway makes a number of assumptions in order to 

simplify the problem.  The assumptions are listed below: 

1. Assume natural convection over a vertical plate 

2. Assume 8 hrs. of “workable” sunlight a day 

3. Surface temperature is 100°F and ambient temperature is 60°F 

4. Average heat required in winter is about 571,000 BTUs/day 

These assumptions should help us provide accurate data to Solar Choice regarding the 

efficiency of their blinds.  

 

 

 

 

From these calculations, if ideal gas behavior is assumed with incoming air at 60°F exiting air at 

100°F by natural convection through the blind, the blind system efficiency is about 3.5% of 

required energy needed to heat the average home.  

Experiment Location Alternatives 
To perform the experiment on the blinds the team will need an experimental facility.  The three 
location possibilities are: Malosky Stadium, Darland Administration building (Regents Room), 
and the Solar Choice Testing Facility.  The location that would give the most realistic data will 
be chosen as the best alternative. 

η
Q total

571000 tBTU
:=  

η 6.889%=  

Qtotal 6.129kWh=  
Qtotal 2.091 10

4
× BTU=  

η
Q total

600000 BTU⋅
:=  

η 3.486 %=  
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Malosky Stadium 
The first location the team has studied is Malosky Stadium located on the UMD campus.  A 
benefit of this location is the close proximity to the M.I. Engineering Department. Malosky 
Stadium has three rooms that could be used to set up different blind sets.  This would be valuable 
because the team could perform analyses comparing various blinds under similar conditions at 
the same time.  The rooms are identical in their dimensions and characteristics assuring 
consistent data collection.  The Engineering department is conducting their own experiment 
involving solar energy, and would allow our team to use their resources to aid in the solar blind 
effectiveness experiment.  Using their pyranometer would give the team an accurate reading of 
the sun’s intensity on the windows.  Another resource is the department’s computer and data 
logger used to store the data that is being retrieved from the sensors.  There are currently 12 open 
channels in the data logger that are available for additional sensors to monitor room conditions.  
At Malosky Stadium Sky Solutions could perform data analysis whenever it is convenient. . 

Sky Solutions has been given permission by UMD Facilities Management to have exclusive 
access to the three identical rooms. Low traffic through the experimental rooms provides 
consistent data. There is possibility of keeping the rooms thermostats at the same temperature, 
but room air flow is difficult to control due to air duct flow. By sealing the vents none of the heat 
transferred by the blinds (into the air) can escape, enabling the team to analyze its true heat 
output (BTUs).   To accommodate the blinds at Malosky Stadium the team has built a structure 
that holds the blinds 2.75” away from the windows.  The blinds hang on hooks drilled into 2” x 
4” boards and which allow the team to control the angle of the blinds. 

Malosky Stadium has south facing windows that are large enough to hold multiple blind sets.  
The stadium windows are composed of double pane low-emissivity (low-e) glass that obstructs a 
portion of the solar energy.   Low-e glass limits solar flux through the glass providing low 
efficiency data.     

Darland Administration Building (Regents Room) 

The second location for this experiment is also located on the UMD campus.  Like Malosky 

Stadium, a the benefits are proximity and access.  This location has a room large enough to 

house the multiple blind sets, required for the experiment.  the room is significantly larger than 

the rooms located in Malosky Stadium, analysis would be limited.  While Sky Solutions would 

not have the pyranometer at this location, the team could use the measurement at Malosky 

Stadium as a baseline estimation of solar flux.  Since both location’s windows are south facing 

they should have the same flux hitting them and be a legitimate comparison for our experiment.  

Darland Administration could still give an accurate calculation of the efficiencies of the various 

blind sets.  Opposed to the windows at Malosky Stadium, Darland features windows that filter 

less of the incident solar energy, which is crucial for the blinds to perform as designed.  The ECE 

computer resources will be unavailable, but our own laptop computers could be used to collect 

data on the blinds.  The team could capture the data to Excel spreadsheets and gather it on a 

weekly basis.  This would require the use of a data logger which may add more expense to the 

project. 
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  Unlike Malosky Stadium, the room in Darland is highly trafficked. Data consistentcy is a 
concern.  The doors opening and closing would allow the heat salvaged by the blinds to 
escapethis location has multiple vents allowing external air in the room.  Although the vents 
could be temporally sealed, frequent door opening would significantly reduce the accuracy of the 
experiment.  This location, with only a single room for testing, would not allow the team to run 
different types of blind sets at the same time.   

 

Solar Choice Testing Facility 

The final location that the team considered for performing the experiment is at Solar Choice’s 
own Testing facility.  The facility is located on a lake about 20 minutes away from UMD 
campus.  This location has many benefits that would allow the team to observe accurate 
measurements.  The major advantage to using this facility is that the windows allow a much 
greater portion of solar energy than windows found on campus.  The facility has large south 
facing windows which allows the blinds to transfer heat more easily.  This will enable Sky 
Solutions to measure values that would be more a more reasonable approximation of the type of 
windows found in most homes.  The location itself is one room that is large enough to hold 
multiple sets of blinds, enabling the team to gather more data for the experimental analysis.  
Another advantage to using the Solar Choice Testing Facility is that the team would be able to 
control the ambient air temperature.  This will allow Sky Solutions to gather more useful data for 
a more accurate analysis of blind efficiency.  There will be few people entering or exiting the 
Solar Choice Testing Facility, again adding to experimental accuracy.   

The facility forces the team to overcome some difficulties to obtain acceptable  experimental 
results.  At this location no pyranometer is installed to measure the sun’s flux hitting the south 
facing windows.  To estimate equivalent flux at the facility the team will use the pyranometer 
results at Malosky Stadium.  The flux of these locations should be similar and is likely 
reasonable to use in the experimental analysis.  Another inconvenience would be the distance 
between UMD and the testing facility.  It may not be possible to retrieve data on a regular basis.  
To address this issue, the team proposes the initialization of a data collection device (data logger) 
that could store data for for an extended period.  

Before the team could decide what the best alternative location was to perform the experiment it 
was necessary to gather initial data.  The most vital measurements in the experiment are the 
inlet/outlet temperatures and the air flow velocity of the blind.  These measurements will enable 
Sky Solutions to calculate the amount of energy coming out of the blind.  The following are the 
initial findings at Malosky Stadium and the Solar Choice Testing Facility: 

Table 7: Location Blind Measurement  

Location 
Inlet Temp. 

(Deg. F) 
Outlet Temp.  

(Deg. F) 
Air Velocity 

(m/s^2) 

Malosky 

Stadium 
76 83 0.1 

Solar Choice 

Testing Facility 
70 94 0.9 
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Note: Data was not gathered at Darland due to lack of accessibility.  Darland Administration 

Building was rejected because of its uncontrollable environment.  Also, temperature 

measurements at the Solar Choice Testing Facility location have been found to be as high as 106 

deg. F at the upper portion and as low as 65 deg. F at the lower portion of the blind. 

Based on the research Sky Solutions conducted, the following weighted matrix has been devised 
to explicitly choose between the alternative locations: 

 

Table 8: Location Decision Weighted Matrix 

Variables Weight Malosky Darland 
Solar Choice 

Testing Facility 

Windows 10 1 2 5 

Vents 4 4 3 2 

Traffic 9 5 3 4 

Distance 2 5 5 3 

Resources 6 5 3 4 

Total Score  111 87 133 

 

The variable “windows” received a weighted value of 10 as the most important factor.  The 
window glass at the experimental location must allow enough solar energy through to enable 
measurable blind performance.  The “vents” criteria is weighted at 4 because it would not 
prohibit the experiment from taking place.  Vents allow air into the experiment room which 
would alter the results and may inhibit the team to perform a realistic analysis of blind 
efficiency,  though vents could be sealed.   “traffic” through the room is based upon the amount 
of human travel in and out of the experiment room.  This variable gets a weight of 9. The higher 
the traffic the less accurate the data.  The “distance” variable is based on how far the 
experimental locations are from UMD campus.  This variable received a low value of 2 because 
it does not affect the experiment itself.  Although it may take longer to get to the Solar Choice 
Testing Facility, the more realistic measurements gathered there would more than make up for 
the extra time.  The “Resources” variable includes data instruments (such as the pyranometer) 
and UMD professors.  Based on the above weighted matrix, the team believes the ideal location 
to perform the blind efficiency experiment is the Solar Choice Testing Facility. 
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Conclusion 

In the last 7 weeks Sky Solutions has been consulting for Solar Choice Blinds on the 
improvement of their product. The product improvement scope is open and includes analysis of: 
Experimental Baseline, Computational Fluid Design (CFD), Product Design (manufacturing 
based), Manufacturing (design based), Active Blind System, Current Design Output, and 
Alternative Experiment Location. 
 
The initial CFD analysis has shown that the blinds can be modeled using Solid Works CAD 
software for modeling blind behavior. With the CAD model a meshing can be created in Gambit 
for the Fluent CFD program to describe the blinds effects on solar heat transfer.  Accuracy of the 
initial model is low, however with increased familiarity of the software and more modeling time 
the team will make progress on building the accuracy of the model.  Sky Solutions recommends 
that CFD analysis should be pursued by Solar Choice in order to improve the performance of 
their product. 
 
The product design should be altered to ease manufacturing difficulty.  Current manufacturing 
practices would be significantly improved by minor design changes.  The alternative designs 
investigated include a design focused on current inventory and another requiring new inventory.  
 
An active blind prototype could be built for Solar Choice using a stepper motor and a 
programmable logic controller.  This prototype would allow the blinds to follow the sun 
throughout the day.  Sky Solutions would be able to build the prototype and would only need to 
be compensated for the parts used in the product.  Construction of the active blind system is 
estimated at approximately $900.  
 
A temperature data logging system would increase the capability of the Solar Choice testing 
facility significantly.  The system would provide a way to continuously log specified blind 
temperatures throughout a set time period.  This is a crucial step in testing the efficiency of 
different blind prototypes and systems at the Solar Choice testing facility.  A range of systems 
cost between $300 and $600 has been provided, however, a four channel logger is highly 
recommended by the Sky Solutions team.  
 
The energy output for the current blind product has been calculated based on three 
experimentally recorded values: Air Velocity, Inlet and Outlet Air Temperature.  Through heat 
transfer analysis, an energy value of 60 watts per blind segment has been calculated.  This means 
a blind systems containing 24 slats yields approximately 11.5 kWh per day.  This value 
represents approximately 7% of the energy consumed in heating an average home in northern 
Minnesota during the winter months. 
 
Sky Solutions has been investigating locations that could accommodate the experiments on Solar 
Choice Blinds efficiency.  The most promising locations available are Malosky Stadium, Darland 
Administration Building, and Solar Choice Testing Facility.  Each of these locations provides a 
room that Sky Solutions could use to conduct blind efficiency analyses based upon scientific 
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measurements of the blinds.  The team believes that Solar Choice Testing Facility is the top 
alternative because it contains windows that enable the best heat transfer through to the blinds.   
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Appendix B (Active Blind System Code) 
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Appendix C (Experimental Data Tables) 

 

3/14/2009 kW/m^2 Air Temp. (deg. F)

Air Temp. 

(deg. C)

Ambient 

(deg. F)

Bottom 

(deg. F)

Top 

(deg. F) Total kJ/m^2 Total BTUs/m^2

total BTUs 

into blinds

total watts 

into blinds

8:00 0.0384 28.3 -2.056 8-8:30 152.82 144.85 28.24635071 8.276106273

8:30 0.1314 29.68 -1.289 8:30-9 414.18 392.59 76.55459716 22.43029509

9:00 0.3288 31.092 -0.504 9-9:30 709.56 672.57 131.1509005 38.426868

9:30 0.4596 33.192 0.662 9:30-10 933.84 885.16 172.6054976 50.57295565

10:00 0.578 33.816 1.009 10-10:30 1114.2 1056.11 205.9421801 60.3405157

10:30 0.66 35.762 2.090 10:30-11 1283.58 1216.66 237.2493839 69.51344386

11:00 0.7662 38.722 3.734 11-11:30 1454.04 1378.24 268.7562085 78.7448604

11:30 0.8494 40.914 4.952 11:30-12 1579.32 1496.99 291.9122275 85.52951289

12:00 0.9054 43.42 6.344 73 12-12:30 1659.06 1572.57 306.6509005 89.84790521

12:30 0.938 45.15 7.306 65.3 84.6 95.8 12:30-1 1709.28 1620.17 315.9332701 92.56761504

13:00 0.9612 46.774 8.208 65.7 88.4 101.8 1-1:30 1734.48 1644.06 320.59109 93.93234399

13:30 0.966 48.724 9.291 67.7 92 106 1:30-2 1717.02 1627.51 317.3638863 92.98678179

14:00 0.9418 51.108 10.616 70 95 109.6 2-2:30 1661.58 1574.96 307.1166825 89.9843781

14:30 0.9044 51.37 10.761 72 97 112 2:30-3 1573.92 1491.87 290.9141232 85.23707097

15:00 0.8444 51.418 10.788 73.7 97.6 114 3-3:30 1447.2 1371.75 267.4919431 78.37443397

15:30 0.7636 50.812 10.451 75 97 113 3:30-4 1287.18 1220.08 237.9147867 69.70840514

16:00 0.6666 50.548 10.304 75 97 111 SUM 19366.12 3776.394028  
 
 

3/15/2009 kW/m^2

Air Temp. 

(deg. F)

Ambient 

(deg. F)

Bottom 

(deg. F)

Top (deg. 

F) Total kJ/m^2 Total BTUs/m^2

total BTUs into 

blinds

total watts into 

blinds

8:00 0.089 36.9 57 56 56 8-8:30 260.82 247.22 48.20843602 14.12494463

8:30 0.200 38.1 57 57 57 8:30-9 467.1 442.75 86.33601896 25.29622589

9:00 0.319 38.3 57 58 59 9-9:30 690.12 654.14 127.5577251 37.37407709

9:30 0.448 40.0 57 59 61 9:30-10 917.82 869.97 169.644455 49.70537796

10:00 0.572 40.5 58 61.4 63.4 10-10:30 1121.4 1062.94 207.2729858 60.73043826

10:30 0.674 42.8 59 65.2 66 10:30-11 1286.64 1219.56 237.8149763 69.67916094

11:00 0.755 44.1 60.3 70.2 69 11-11:30 1426.86 1352.47 263.7324171 77.27290274

11:30 0.830 46.8 62 75.2 72.8 11:30-12 1549.62 1468.83 286.422654 83.92108234

12:00 0.892 49.1 63.7 80 82.2 12-12:30 1636.92 1551.58 302.558673 88.64889334

12:30 0.927 51.5 65.3 84 91.6 12:30-1 1694.88 1606.52 313.2716588 91.78776993

13:00 0.956 52.1 67.3 88 97.4 1-1:30 1715.76 1626.31 317.1309953 92.91854534

13:30 0.950 49.6 69.3 92 102.4 1:30-2 1686.06 1598.16 311.6414218 91.3101148

14:00 0.923 47.5 71 94 105 2-2:30 1639.98 1554.48 303.1242654 88.81461043

14:30 0.899 44.7 72.7 96 108.6 2:30-3 1555.56 1474.46 287.5205687 84.24276845

15:00 0.829 44.4 74 97 110.8 3-3:30 1369.8 1298.39 253.185782 74.18276648

15:30 0.693 43.1 75 96 109 3:30-4 1162.98 1102.35 214.9583886 62.98224103

16:00 0.599 43.6 76 95 107 SUM 19130.16 3730.381422  
 

3/16/2009 kW/m^2

Air Temp. 

(deg. F)

Air Temp. 

(deg. C)

Ambient 

(deg. F)

Bottom 

(deg. F)

Top (deg. 

F) Total kJ/m^2 Total BTUs/m^2

total BTUs into 

blinds

total watts into 

blinds

8:00 0.0806 35.816 2.120 58 57 58 8-8:30 240.66 228.11 44.48218009 13.03316147

8:30 0.1868 37.796 3.220 58 58.2 59 8:30-9 450 426.54 83.17535545 24.37015982

9:00 0.3132 39.87 4.372 58.3 59 60 9-9:30 661.32 626.84 122.2345024 35.81438686

9:30 0.4216 43.116 6.176 59 60.4 61 9:30-10 859.68 814.86 158.8981991 46.55675331

10:00 0.5336 45.56 7.533 59 62.4 63.8 10-10:30 1057.14 1002.03 195.395545 57.25037944

10:30 0.641 47.122 8.401 60 66 66 10:30-11 1232.64 1168.38 227.8339336 66.75474177

11:00 0.7286 49.484 9.713 61.3 70.4 69 11-11:30 1296.72 1229.12 239.6781043 70.22505252

11:30 0.7122 51.122 10.623 62.7 74.8 72 11:30-12 1404.36 1331.15 259.5736493 76.05439475

12:00 0.8482 51.98 11.100 64 78.8 79.4 12-12:30 1575.36 1493.23 291.1802844 85.31505548

12:30 0.9022 50.756 10.420 66 83 89.4 12:30-1 1636.74 1551.41 302.5254028 88.63914528

13:00 0.9164 51.412 10.784 67.7 87 94.8 1-1:30 1645.2 1559.43 304.0890995 89.09730429

13:30 0.9116 50.77 10.428 69.7 89.8 99 1:30-2 1630.26 1545.27 301.3276777 88.28821498

14:00 0.8998 50.576 10.320 71.7 92.8 103 2-2:30 1577.16 1494.94 291.5129858 85.41253612

14:30 0.8526 49.274 9.597 73.3 94 106 2:30-3 1482.66 1405.36 274.0461611 80.29480256

15:00 0.7948 49.508 9.727 75 96 108 3-3:30 1372.86 1301.29 253.7513744 74.34848357

15:30 0.7306 50.108 10.060 76 96 108 3:30-4 1220.04 1156.44 225.5050237 66.07237729

16:00 0.625 52.642 11.468 77 96 107.6 SUM 18334.41 3575.209479  
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3/18/2009 kW/m^2

Air Temp. 

(deg. C)

Air Temp. 

(deg. F)

Ambient 

(deg. F)

Bottom 

(deg. F)

Top (deg. 

F) 3/18/2009 Total kJ/m^2 Total BTUs/m^2

Total BTUs 

into blinds

Total watts into 

blinds

8:00 0.1198 -0.0722 31.870 57 56 56 8-8:30 327.42 310.35 60.52 17.73

8:30 0.244 0.331 32.596 57 57 57 8:30-9 558.18 529.08 103.17 30.23

9:00 0.3762 0.4834 32.870 57 57 58 9-9:30 792.72 751.39 146.52 42.93

9:30 0.5046 1.0622 33.912 58 58 59 9:30-10 1017.72 964.66 188.11 55.12

10:00 0.6262 1.3958 34.512 58 60 60.2 10-10:30 1220.58 1156.95 225.60 66.10

10:30 0.73 1.6184 34.913 59 64 62.6 10:30-11 1398.96 1326.03 258.58 75.76

11:00 0.8244 2.3442 36.220 60 68.4 64 11-11:30 1551.42 1470.54 286.76 84.02

11:30 0.8994 2.6012 36.682 61 73.2 67.2 11:30-12 1671.84 1584.68 309.01 90.54

12:00 0.9582 3.3006 37.941 62.7 77.8 74.8 12-12:30 1760.22 1668.45 325.35 95.33

12:30 0.9976 3.3688 38.064 64.3 82.2 86.8 12:30-1 1816.2 1721.52 335.70 98.36

13:00 1.0204 3.7372 38.727 66.3 86 92.4 1-1:30 1835.46 1739.77 339.26 99.40

13:30 1.019 3.848 38.926 68 89 97.6 1:30-2 1816.92 1722.20 335.83 98.40

14:00 0.9998 4.6262 40.327 70 92 101.6 2-2:30 1763.64 1671.70 325.98 95.51

14:30 0.9598 4.46 40.028 71.7 94 105 2:30-3 1679.58 1592.02 310.44 90.96

15:00 0.9064 3.4844 38.272 73 95.8 108 3-3:30 1559.88 1478.56 288.32 84.48

15:30 0.8268 3.8402 38.912 74.3 96 109 3:30-4 1403.46 1330.29 259.41 76.01

16:00 0.7326 3.7068 38.672 75 96 108 SUM 21018.20 4098.55 1200.86

3/19/2009 kW/m^2

Air Temp. 

(deg. C)

Air Temp. 

(deg. F)

Ambient 

(deg. F)

Bottom 

(deg. F)

Top (deg. 

F) Total kJ/m^2 Total BTUs/m^2

total BTUs into 

blinds

total watts into 

blinds

8:00 0.1278 -10.202 13.636 52.6 51 51 8-8:30 345.78 327.75 63.91194313 18.7260308

8:30 0.2564 -9.72 14.504 53 51 52 8:30-9 572.76 542.90 105.8655924 31.01833941

9:00 0.38 -9.172 15.490 53 52 53 9-9:30 801 759.24 148.0521327 43.37888447

9:30 0.51 -8.58 16.556 53 53 54 9:30-10 1021.86 968.59 188.8745972 55.33975891

10:00 0.6254 -7.2152 19.013 53 55 55 10-10:30 1220.76 1157.12 225.6381043 66.11136955

10:30 0.731 -6.9004 19.579 54 59 57.6 10:30-11 1392.48 1319.89 257.3778199 75.41102253

11:00 0.8162 -6.0544 21.102 55 63.6 60 11-11:30 1538.1 1457.91 284.2933649 83.29720625

11:30 0.8928 -5.2634 22.526 56.7 68.4 62.8 11:30-12 1662.84 1576.15 307.3495735 90.05261455

12:00 0.9548 -4.655 23.621 58 73 70 12-12:30 1754.28 1662.82 324.2508057 95.00463102

12:30 0.9944 -3.8864 25.004 60 77.6 82.4 12:30-1 1808.64 1714.35 334.2983886 97.94854633

13:00 1.0152 -5.4942 22.110 62 81.2 88.4 1-1:30 1822.14 1727.15 336.7936493 98.67965112

13:30 1.0094 -4.0004 24.799 64 84.8 93.4 1:30-2 1800.9 1707.01 332.8677725 97.52937958

14:00 0.9916 -4.2778 24.300 66 87.8 98 2-2:30 1753.38 1661.97 324.084455 94.95589071

14:30 0.9566 -3.2668 26.120 67.7 90 101.8 2:30-3 1666.08 1579.22 307.948436 90.2280797

15:00 0.8946 -4.146 24.537 69.7 92 104 3-3:30 1540.44 1460.13 284.7258768 83.42393108

15:30 0.817 -3.5524 25.606 71 92.8 106 3:30-4 1385.1 1312.89 256.0137441 75.01135191

16:00 0.722 -3.4652 25.763 72 93 105.4 SUM 20935.11 4082.346256  

 


