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This Owner’s Manual contains information on the design, fabrication, 
operation, maintenance, and testing of the system.  This project was 
part of Sustainable Energy Technologies in Spring 2012 and will 
continue to serve as a teaching and testing tool for future classes. 

Brown University 
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Introduction 
This combined PV/thermal solar system is a product of Sustainable Energy Technologies, a 

Brown University Engineering course.  Thank you for your time and consideration in reviewing 

the Owner’s Manual.  

 

Project Purpose 

To design a 3-module combined solar thermal and PV system that can not only efficiently use 

solar energy for heat and electricity but that can also function as a teaching mechanism for 

future SET students on how renewable technologies can successfully interact in utilizing solar 

energy.    

 

Design Brief 

Solar energy, a hot new form of renewable energy, is commonly utilized through photovoltaic 

panels and thermal systems.  Photovoltaic, or PV, uses solar energy in the form of electricity 

whereas solar thermal uses solar energy in the form of heat.  PV and solar thermal are often 

separate systems, and now, thanks to the SunDrum design, the two can be efficiently 

combined.  The new aquatics center at Brown University houses this combined solar technology 

on its roof in order to both heat the pool and provide electricity to the center. 

This project addresses issues of system efficiency (technical and economic), safety, sturdiness, 

and ease of use in the combined solar thermal/PV system.  Starting with three solar thermal 

and PV modules as a base, we will need to determine what other components are necessary to 

assemble a functional system.  A functional system is defined as a system that can efficiently 

use solar energy as both electricity and heat by successfully causing PV and thermal 

technologies to interact.  In addition, future SET classes will use this design for students to learn 

how PV and thermal systems can interact in utilizing solar energy.  In order to effectively use 

solar resources through these two methods, further research on the fluid, mounting, and 

electrical systems and the instrumentation and control of the combined system is necessary. 
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Design Package 

Mounting 

The mounting component of the system includes: 

Table 1: Parts, Quantity, Cost, and Additional Information of the Components in the Mounting of the Combined Solar 
PV/Thermal System 

Parts Quantity Cost 

T-Slotted Aluminum Extrusion, 15S 
3189 mm 
1559 mm 
1506 mm 
1991 mm 

 
4 
3 
3 
2 

 
$71.64 
$37.84 
$37.84 
$37.84 

Winch  1 $69.67  

Cable (for winch) 1 $24.86  

350 lb Force Gas Spring 1 $116.98  

Pivots 2 In Stock in Lab 

T-Nuts & Screws 50  

Flange Head Screw 5/8 ‘’ 40  

Flange Head Screw 7/8 ‘’ 12  

Flange Head Screw 1 ‘’ 12  

8 ‘’ Diameter Casters 4  

5 mm Think Aluminium Plate 100 mm x 100 mm 3 In Stock in Lab 

Pulley for Winch 1 Assembled in Lab 

Female Threaded Ball Joint 2  

Mounting System Design: 

The mounting system consists of two parts: 

1. The Base (casters, pivots and one end of the gas spring are attached, see Figure 1): 

 
Figure 1: Schematic of the base of the Mounting System  
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2. The Solar Panels and Frame (pivots and other end of the gas spring are attached, see 

Figures 2 and 3): 

 
Figure 2: Front of the Solar Panels and Frame  

 
Figure 3: Back of the Solar Panels and Frame 
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Figure 4: Side View of the Mounting System when the two parts are attached  

The mounting system consists of two parts: 1) Base and 2) Solar Panels and Frame. These two 

parts are connected via two pivots (indicated by the red-shaded area in Figure 1 for the Base, 

and Figure 3 for the Solar Panels and Frame).  

In addition, as mentioned, the gas spring is also attached to both the Base and Frame via female 

threaded ball joints, thereby providing a force that allows the Solar Panels and Frame to rest on 

the Base. The locations of the gas spring attachment are shown in Figures 1, 3, and 4. The gas 

spring’s abilities to both change in length and, due to the ball joints, rotate at its ends allow for 

alteration in the inclination angle of the Solar Panels and Frame if a counter force is provided. In 

order to achieve such goal, a pulley is installed at the location where the gas spring is attached 

to the Base and a winch is installed at the edge of the Base (see Figures 1 and 4).  A wire 

connects the gas spring to the winch (through the pulley).  By turning the handle of the winch, 

the length of the wire can either be shortened of lengthened.  This in turns causes a change in 

the counter force, which results in a change in length and angle of the gas spring, thereby 

changing the inclination angle of the Solar Panels and Frame.  

Measurement was taken after the whole mounting system was built and the inclination angle 

of the Solar Panels ranges from 25 degrees to 55 degrees. 
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Relevant Analysis: 
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Fluid System 

The fluid system’s components are detailed in the schematic in Figure 5.  

 

                                                                     Figure 5 Schematic diagram of the fluid system.  

The purpose of the fluid system is for the fluid to cool the SunPower solar panels while passing 

through the SunDrum panels then to transport the usable heat to the heat exchanger (Figure 6) 

to warm the ambient air.  
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Figure 6 The heat exchanger (left) is secured to the edge of a rectangular frame. The expansion tank in the background is 
connected to the heat exchanger's inlet, while the outlet leads to the pump in the foreground. 

The fluid can be water, or, in freezing conditions, glycol solution. Several additional components 

are necessary since the SunDrum panels cannot endure a pressure greater than 6 psi; these 

other components maintain the level of the fluid pressure below 6 psi. The expansion tank 

(Figure 6) maintains consistent pressure as the fluid expands and contracts with its changing 

temperature. The pressure relief valve (Figure 7) is rated for 7 psi so it is unlikely to open as 

long as the expansion tank sufficiently controls the pressure of the system. The key component 

to the fluid system is the pump (Figure 6), since it drives the fluid to flow. In order for the pump 

to function, an air bleed (Figure 7) is affixed to the outlet pipe at the top of SunDrum 1 to let all 

air out of the system.  

                                   

            Figure 7 The air bleed (left) and pressure relief valve (right), both secured to brass fittings clamped to pex piping. 
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The components, their purposes, and cost values for each piece of the fluid system are listed in Table 2. 

Table 2 Inventory of the components of the fluid system. 

Component Quantity Cost Purpose 

Watts PLT-5 Potable Water 
Expansion Tank 

1 $30  Provide accommodation space for increased volume 
of warm fluid to maintain the pressure of the system 

B&M Supercooler heat 
exchanger 

1 ~$60 Exchanges heat between the system’s fluid and the 
ambient air 

Grundfos  UPS 15-58 FC 
circulator pump 

1 $154.89  Pump fluid throughout the system 

Ball valves 3 $7.28 Close or open the hose connections while charging or 
draining the system 

SharkBite 3/4" pex clamps 34 $7.54/10 secure pex pipe to brass fittings and make a seal 
between the pipe and the fitting 

SharkBite 1/2" pex Clamps 12 $5.40/10 secure pex pipe to brass fittings and make a seal 
between the pipe and the fitting 

SharkBite 3/4" Pex Pipe 20 ft. $46.38 
per 100ft. 

Transport fluid among the components of the system 

SharkBite 1/2" Pex Pipe 2.5 ft. $26.62 
per 100ft. 

Transport fluid among the components of the system 

Rubber ring clamp assembly 
with 1" bolts 

11  Secure pex piping to the frame 

Teflon tape 1 roll $3.43 Seal pipe fittings 

FITTINGS (Brass unless otherwise stated) 

Polyethylene plugs 6  Came with the SunDrums, closes unused openings 

SharkBite 1/2" pex-1/2” 
MNPT adapter 

6 $2.25 Connect pex to the 3 SunDrums’ inlets and outlets 

SharkBite 3/4" pex -1/2" 
MNPT adapter 

6 $2.57 Connect the heat exchanger to pex, and adapters for 
the tees connecting the pressure relief valve and the 
air bleed 

SharkBite 3/4" Tee 2 $3.35 Lead to the charge and drain components of the 
hose bibb assembly 

SharkBite 3/4"-3/4"-1/2" 
Tee 

4 $3.30 Diverts fluid from the main pipe to the first and 
second sundrums 

SharkBite 3/4"-1/2" Elbow 2 $3.13 Directs fluid from the main pipe to the third sundrum 

3/4" FNPT Tee 1 $7.64 Connects the expansion tank to pex 

3/4" MNPT -3/4 pex 
adapter 

3 $3.57 Adapters for the tee connecting the expansion tank, 
and for the pump inlet 

1/2" FNPT Tee 2 $5.64 Connects the air bleed and the pressure relief valve 
to pex 

3/4"MNPT-1/2" FNPT 
reducing adapter 

2 $3.97 Connects the pump outlet to the flow meter inlet, 
another for the flow meter outlet  

3/4" FNPT- 3/4" pex 
adapter 

3 $2.13 Connects the flow meter outlet adapter to pex, also 
adapters for hose connections 

3/4" MNPT-hose 
connections 

2 $3.97 Connects to charge and drain hoses 
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Instrumentation and Control 

The instrumentation and control component of the system includes: 

Table 3: Parts, Quantity, Cost, and Additional Information of the Components in the Instrumentation and Control of the 
Combined Solar PV/Thermal System 

Parts Quantity Cost Comments 

Type “K” Thermocouple 5 n/a  

Omega FTB4700 Series Flow Meter 1 $245 Requires 5-21 V Supply, 
Frequency Output 

Davis Instruments Solar Radiation 
Sensor (Model 6450) 

1 $160 Requires 3 V Supply 

Voltage Meter 1 n/a  

Data Logger 1 n/a  

Voltage Source 1 n/a 5 and 20V 

The thermocouple and flow meter are placed within the thermal system (see Figure 8). TI, FI, and II 

correspond to temperature, flow, and irradiance indicator, respectively. The numbers correspond to the 

channel inputs into the data logger. 

 
 

Figure 8: Schematic of Instrumentation and Control System 
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The Type “K” thermocouples within the thermal system are placed to measure the fluid 

temperatures at different points so that the magnitudes of thermal energy transfer can be 

measured. TI-7 measures the initial fluid temperature before it enters the SunDrums and gains 

heat flowing through them. TI-4 measures the temperature as the fluid exits a single SunDrum. 

The thermal energy gained by the PV/thermal system can be determined by comparing these 

two temperatures. TI-5 measures the temperature of all of 

the fluid that leaves the panels and therefore considers 

the fluid that bypassed the SunDrums. The actual usable 

thermal energy from this system can be determined by 

comparing the temperature differences indicated by TI-6 

and TI-7. The outside temperature is measured by TI-3, 

which provides a reference for the performance of the 

system. These thermocouples all have a length of 2 

meters. 

The Davis Instruments Solar Radiation Sensor (Figure 9), II-

2 according to the schematic diagram, consists of a 

silicone photodiode that converts the incident radiation to 

electrical current using an amplifier. The outer shell 

shields the sensor from thermal radiation and prevents 

the body from heating, as well as a level indicator.  

The Omega FTB4700 Series Flow Meter, FI-2, is placed after the pump in order to measure the 

flow rate of the fluid in the thermal system, which allows for the calculation of heat exchange at 

various parts and an energy balance analysis. Based on the flow meter output, the power to the 

pump can be increased or decreased. While all the other instruments have a voltage output, 

the flow meter has a frequency output.  

The voltage meter reads the voltage output of the solar panels. The efficiency of the panels can 

be determined, based on the irradiance data from the solar radiation data. Furthermore, the 

electrical output while using the thermal system can be compared to the electrical output while 

not using the thermal system. This would measure the effectiveness of the thermal system in 

increasing the efficiency of the panels. 

  

Figure 9: Davis Instruments Solar Radiation 
Sensor 
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Fabrication Process 

Mounting 

The Base is built using two 3189 mm and three 1506 mm long T-slot aluminum extrusions (see 

Figure 1). The Solar Panels and Frame is built using two 3189 mm, two 1991 mm and three 1559 

mm long T-slot aluminum extrusions (see Figure 3). Extrusions both on the base and on the 

panels are connected via two-hole connectors, which are tightened and held in place by 5/8’’ 

flange head screws connected to T-nuts slid into the grooves of the extrusions.  For the Solar 

Panel and Base, three aluminum plates (cut into desired shapes), flange head screws, and T-

nuts are used to connect the extrusions, which do not meet at 90-degree angles. In addition, 

the pivots and winch are attached to the base using 7/8’’ flange head screws with T-nuts and 1’’ 

flange head screws with T-nuts, respectively. 

  
Figure 10: Connection using two-hole connectors (left) and Connection using aluminum plate 

 
Figure 11: Pivot Connected to the Solar Panels and the Base 
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Figure 12: The Finish Products of the Base and the Solar Panels’ Frame 

After the Base and Solar Panels’ Frame are built, insulation and fluid panels are attached to the 

back of the solar panels using eye bolts and nuts. Moreover, the solar panels are grounded 

using star washers to remove the anoxided layer of the panels’ frame. The Solar Panels’ Frame 

is then attached to the solar panels using 5/8’’ flange head screws and T-nuts, (see Figure 14). 

 
Figure 13: Solar Panel without Fluid and Insulation Panel (Left) and with Fluid and Insulation Panels (Right)  
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 Figure 14: Solar Panels with Fluid and Insulation Panels and Solar Panels’ Frame Attached 

Two joints are then made using metal plates and metal rods which are installed using 7/8’’ 

flange head screws, nuts and T-nuts at the locations where the gas spring is attached to both 

the Base and the Solar Panels’ Frame. In addition, female thread ball joints are attached to both 

ends of the gas spring. The thread ball joints are later mounted on the respective metal plate 

joints on the Base and Frame. Finally, the Solar Panels and Frame are hoisted by crane in order 

to connect it to the Base via the pivots. The 1” flange head screw and T-nuts which are loosely 

screwed on the pivot are then slid into the T-slot of the Frame and tightened. 

 
Figure 15: Solar Panels and Frame attached to the Base and the Gas Spring 

For the joint installed at the Base, a pulley is also installed which will allow for cable movement. 

The pulley system is handmade from PVC piping that was cut and grooved out to allow straight 

movement for the cable to ensure that it stays in line. The cable is secured to the winch by 
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crimping the end to itself then coiling it. The cable runs through the pulley system, and is then 

connected to the hand-made connector on the panels. The winch is positioned in a way that 

allows it to be cranked on the horizontal plane—this minimizes any possible interference from 

the gas pump, the cable or the panels themselves.  

  
Figure 16: Winch Photo Courtesy of McMaster-Carr (left) and The Connection of the Winch, Wire and Pulley (Right) 

After the completion of the mounting system, the Fluid System, Instrumentation and Control, 

and Electrical System are mounted to the Base separately. 
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Fluid System 

First, a rectangular frame was constructed from two 13.5” and two 29.5” T-slot aluminum 

extrusions (Figure 17). These were held together using 5/8" flange head screws, aluminum 

plates, and T-nuts slid into the grooves of the extrusions. An additional aluminum extrusion 

was attached vertically on one side, to support the expansion tank upside down.  This 

orientation was one of the most logical solutions to the space constraints required to 

minimize the kinetic losses (achieved through minimizing pipe lengths and avoiding sharp 

changes in flow direction where possible).  

 

Figure 17: The assembled PV-solar thermal system.  The frame of the fluid system is in the bottom right-hand corner, 
beneath the expansion tank, heat exchanger, pump, flow meter, and hose bibb assembly (bottom right). The fluid flows in 
the direction from the hose bibb assembly then through the SunDrum panels. From the panels it passes through the air bleed 
and pressure relieve valve (top) to the expansion tank to go through the heat exchanger, then to the pump, flow meter then 
back to the hose bibb assembly.  

This frame was used to support some of the main components of the thermal fluid system, 

including the expansion tank, the heat exchanger, the pump, the flow meter, and the hose 

bibb assembly. The components were attached to each other in the order just listed, using 

3/4" PEX, 3/4" clamps, and adapters in locations detailed in Table 2. Where brass fittings 

were used, the NPT connections were reinforced with either pipe sealant or Teflon tape to 

prevents leaks from the plumbing. The components themselves were fixed to the frame 

using rubber ring clamps secured to flange screws using inch-long bolts. The expansion 

tank was bound to its vertical support using a metal clamp. 

Next, the Sundrums themselves were connected to one another with PEX plumbing. First, 

the right inlets and outlets on all Sundrums were filled with 1/2" plastic plugs. Then, 1/2"-
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1/2" MNPT adapters were screwed into all of the left inlets and outlets on the Sundrums 

(Figure 18).  

                                            

Figure 18: Pex piping is clamped to the 1/2" pex to 1/2" MNPT adapter in the panel. This is a close-up of the connection for 
SunDrum 3 where  the pex is connected to a 1/2” pex-3/4” pex brass elbow.  

These connections were reinforced with pipe sealant or Teflon tape. Then, a short piece of 

PEX, approximately 5" long, was attached to each inlet or outlet adapter, using 1/2" clamps. 

The pieces of PEX attached to SunDrums 1 and 2 (according to the schematic diagram, 

Figure 5) were connected to 3/4"-1/2"-3/4" tees, using 1/2" clamps, while the pieces of 

PEX protruding from the leftmost panel, SunDrum 3, were attached to 1/2"-3/4" elbows, 

also with 1/2" clamps (Figure 19).  

             

Figure 19: The fluid is consolidated in a manifold assembly, where each of the panel outlets is joined in a single stream (top), 
and likewise a single stream feeds each of the inlets (bottom). 

The tees and elbows were attached in a line to the each other at the same height, linked by 

3/4" PEX piping, and sealed using clamps. The long pieces of PEX that connect the three 
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panels were supported in various places using rubber ring clamp assemblies that were slid 

into the aluminum extrusions of the mounting system (Figure 20).  

                                                                      

                                    Figure 20: The rubber ring clamps that secure the fluid system to the aluminum extrusions. 

With the plumbing on the panels set up, the rectangular frame and main components were 

fixed to the base of the mounting system, again using 5/8" flange head screws, aluminum 

plates, and T-nuts. Then, the components on the rectangular frame were connected to the 

panels’ inlets and outlets using 93” and 73” lengths respectively as flexible loops of 3/4" 

PEX secured using 3/4" clamps (Figure 17). 

The final step of assembly was to fill the system with fluid. For the initial testing, water was 

used to simply ensure that the system functions before filling it with glycol solution. The 

charge and drain valves were opened, while the valve connecting the two was closed. A 

hand pump was fixed to the charge hose connected to the charge hose bibb, and water was 

pumped into the system until it exited the hose attached to the drain hose bibb, at which 

point the system was full (Figure 21).   

                                                    

Figure 21: The charge hose and valve (top) compose the inlet for filling the system. The valve on the main pipeline (left) 
remains closed while filling the system. The system is full when fluid exits through the drain hose (bottom). 
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Instrumentation and Control 

For the fabrication of the instrumentation and control component, the thermocouples are 

placed at their respective locations (see Figure (), on copper fittings connecting the piping since 

copper is much more conductive than PEX material. The thermocouples and wires are then 

secured with insulating tape and zip ties.  

To mount the Davis Solar Radiation Sensor, an apparatus was fabricated out of a 1/16” 

thickness aluminum sheet. As seen in Figure (22), A 5/16” hole was drilled in one face so that it 

can be attached to a threaded hole on the end of a horizontal aluminum extrusion. On the 

other face, a hole and rectangle were cut out large enough to allow for the narrowest base of 

the sensor to fit through. Three 5/8” diameter holes were then drilled, so that the #6 screws can 

be screwed in to secure and level the sensor body and outer shell. The sensor and shell are 

mounted to the aluminum plate (see Figure 23), except nuts were used to secure the screws. 

The entire apparatus was then attached to the aluminum extrusion running horizontally at the 

highest elevation. 

 

Figure 22: Aluminum Sheet Apparatus to Mount Solar Radiation Sensor 
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Figure 23: Schematic to Assemble Radiation Sensor Body and Shield to the Mounting 

This design allows for different irradiance data to be collected, depending on the objective. 

When overall solar irradiance data of the region is desired so that the performance of this 

Solar/Thermal PV system can be compared to systems in other regions, the plate face attached 

to the sensor should be facing parallel to the ground. The level attached to the shield ensures 

that the sensor is actually parallel. To measure the irradiance reaching the panels at the 

different degrees, the plate can be rotated so that it is parallel to the panels. 

                     

Figure 24: The radiation sensor, situated on the side of a solar panel so as not to obstruct insolation from reaching the 
sensor. 
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The radiation sensor and flow meter require a voltage supply, and thus the corresponding wires 

are connected to the voltage supply. The voltage output wires of the sensors are connected to 

the cartridge of the data logger, in their corresponding channels as seen in Table 4. The logger 

is connected to the logging software, which inputs and records the data over time. The 

radiation sensor and the flow meter have calibration functions required to convert the voltage 

outputs to the desired readings, Equations 1 and 2, respectively. 

            
 

  
               

      

        
   Equation 1 

                               
     

       
  Equation 2 

To secure the logger cartridge to the base, an apparatus as seen in Figure 25 was fabricated 

using an aluminum sheet.  

 

Table 4: Logger input channels, corresponding data measured, relevant units 

 

 

 

 

 

 

 

 

Figure 25: Aluminum Sheet Apparatus to Secure Logger Cartridge on to Aluminum Extrusion on the Base 

Channel Measuring Units 

1 Flow meter GPM 

2 Solar Radiance Sensor W/m2 

3 Thermocouple – Outside Temperature    

4 Thermocouple –Fluid Out of Single 
SunDrum 

   

5 Thermocouple – Total Fluid Out of 
SunDrums 

   

6 Thermocouple – Before Radiator    

7 Thermocouple – After Radiator    

8 Voltage Meter V 
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Operation 

 

Mounting 

All components of the mounting system are stationary, and the entire Base and Frame can be 

moved around on the wheels of the system when needed.  Although the casters move well, 

there are currently no stoppers built in so there must be a flat surface to brake or prevent it 

from rolling.   

The height of the system can be adjusted by rotating the winch (clockwise rotation will 

decrease the angle of the system).   Be careful to not over-crank the system as this may cause 

damage to both the gas spring and the wire.  Please note that the gas spring is made to 

withstand roughly 300 pounds of force so carefully handling the spring is very important.   

 

 

Fluid System 

The fluid system must first be charged with fluid as described in the fabrication process. It is 

crucial to ensure that there are no significant air pockets within the fluid system, as they will 

impede the function of the pump. The expansion tank must be set to a pressure below 6 psi, 

but above the kinetic resistance of the system (in this case estimated to be 4.2 psi). When not 

charging or draining the system, keep the charge and drain ball valves closed, then open their 

connecting valve to allow flow throughout the system (Figure 21). It is best to test the seals by 

partially filling the system with water then adjusting any joints that may have leaked during 

testing. With the pressure set, and the seals’ integrity confirmed, once the pump is plugged into 

an electrical source (the inverter), it can be switched on to provide flow to the system. To 

ensure that the pump is functioning properly check the readings from the flow meter in the 

instrumentation system. If the PV-solar thermal system will be subjected to freezing conditions, 

then glycol solution (commonly known as antifreeze) must be used as the fluid. 
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Instrumentation and Control 

All of the instruments for the system are operated at the data logger. Each instrument is 

connected to an individual channel on cartridge of the data logger. To use the instruments, 

insert the cartridge into the back of the data logger and turn it on. The logger should be 

preprogrammed to display data in the proper units. If it is not preprogrammed, see the data 

logger user manual. 

 

 The irradiance sensor and flow meter both require a power source to operate. The irradiance 

sensor takes 3 VDC and the flow meter takes 5-32 VDC. Before using these instruments, ensure 

that they are wired correctly to the power source and that the power source is producing the 

correct voltage. The wires that run to the power source from both of these instruments are 

taped together and labeled. 

 

To read data from the instruments on the data logger, simply turn on the data logger and select 

the channel that corresponds to the instrument you are interested in. Ch 1 is the flow meter, Ch 

2 is the irradiance sensor, Ch 3 is air temperature sensor, Ch 4-7 are fluid temperature sensors, 

and Ch 8 is the voltage from the solar panels. The fluid temperature sensors are in order of 

increasing distance from the pump in the direction of flow: Ch 4 measures the temperature of 

the fluid within a Sundrum panel, Ch 5 measures the temperature of the fluid after it exits all of 

the panels, Ch 6 measures the temperature of the fluid before it enters the radiator, and Ch 7 

measures the temperature of the fluid after it exits the radiator. To read out data on the 

computer use the software that accompanies the data logger. 
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Maintenance 

Mounting 

The T-nuts along the aluminum extrusions need to be routinely checked (about once a month) 

to make sure they are well-tightened and will appropriately withstand pressure from the 

system. 

Fluid System 

If filling the fluid system with water, ensure that there are no significant particulates in the 

water as this could impede the functioning of the pump. The pressure of the system should be 

routinely checked using a low-range pressure gauge (e.g. 1 psi to 10 psi) since the panels cannot 

withstand pressures greater than 6 psi. The system’s pressure can be checked by measuring the 

pressure of the expansion tank, but for the long-run integrity of the SunDrum panels it would 

be best to permanently affix a pressure gauge to the piping that leads to the panel inlets. This 

would allow for more accurate measurement of the fluid’s pressure rather than measuring the 

expansion tank’s set pressure.  

Instrumentation and Control 

When moving the solar panels, be sure that no wires are dragging on the ground. If any of the 

instruments are not working, first check their wiring. Open the cartridge, locate the channel 

relating to the faulty instrument and ensure that it is connected properly. If the flow meter or 

solar irradiance sensor isn’t working, check that they are properly connected to their power 

source (see Operation). If any fluid temperature sensors are providing bad data, check that the 

tape is holding the instrument end of the thermocouple in contact with the piping. If all the 

wiring and the connections are correct and the problem persists, then call customer service for 

the company that makes the broken instrument. In the case of a broken thermocouple, simply 

replace the thermocouple with a new one. 
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Testing 

Process 

Logging software was used to record testing data from the data logger for the system.  The PV 

panels charged this computer (connected through an AC/DC converter), and other items 

including the data logger, irradiance sensor, and pump also ran off energy from the panels.  The 

PV system, therefore, was used to power the entire PV-thermal system at a current of about 14 

amps.   

Once the system was running in the sun, voltage, fluid temperatures, radiator temperatures, 

energy, and flow rate of the system were all measured.  For comparison to voltage output, solar 

irradiance was also measured. 

 

Results 

 

Figure 26: PV Panel Voltage Output and Solar Irradiance as a Function of TIme 

Figure 26 illustrates that the voltage output of the panels closely follows the irradiance reaching 

it, as recorded by the Solar Radiation Sensor. 
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Figure 27: Temperature of the Fluid Leaving Panels (TC5), Entering the Radiator (TC6), and Exiting the Radiator (TC7), Over 
Time as Measured by Type “K” Thermocouples 

The temperature data recorded for the fluid leaving the SunDrum system, entering the radiator, 

and leaving the radiator were plotted in Figure 27 to compare the heat gained as it flowed 

through the panels, and the heat lost as it flowed through the radiator. 

Note that the temperature leaving the panels is often less than the temperature entering the 

radiator and is at one occurrence less than the temperature leaving the radiator. The 

temperature leaving the panels will often increase or decrease significantly before reaching the 

radiator. This also could be due to the sensor being in a bad location to measure the combined 

temperature of flow from all three panels. 
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Figure 28: Temperature Drop through Radiator and Temperature Increase through Panels, Compared with Irradiation Over 
Time 

Figure 28 compares the temperature increase of the fluid as it flows through the panel to the 

temperature decrease as it flows through the radiator. It can be seen that the temperature 

gained by the panels is greater than the temperature lost in the radiator, which suggests some 

heat loss as the fluid flows from the panels to the radiator. The temperature decrease in the 

radiator is fairly constant at between 1.5 and 3.5 oC. 

The rate of heat exchange can be determined by using the following equation:  

 ̇           

Where   is the flow rate of the fluid in liters per second,   is the density of water in grams per 

liter,   is the specific heat capacity of the fluid in J/oC/g, and    is the temperature change 

between the fluid flowing in and out, in oC. 

Figure 29 plots the magnitudes of the rate of heat loss from the radiator, and the heat gain 

from the panels, as well as   ̇     ̇       ̇        . dQ is usually positive hence the rate of 

heat loss from the radiator is less than the heat gain from the panels, which indicate heat loss 

throughout the system because of little insulation, or the inefficiency of the radiator. 
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Figure 29: Magnitudes of the Rate of Heat Exchange Through the Radiator and Panels, and their Difference as a Function of 
Time 

  

-500

0

500

1000

1500

2000

-120 380 880 1380 1880 2380 2880

R
at

e
 H

e
at

 E
xc

h
an

ge
 (

W
) 

Time (seconds) 

Qrad

Qpanel

dQ



29 
 

Next Steps (Recommendations) 

 

This combined PV/SolarThermal system is merely the first iteration in a series of student-

designed and built solar systems.  Because of time and cost constraints, we had to make some 

alterations to our design, and we hope that future SET classes will be able to expand on our 

current model. 

 

With the mounting system, the winch and gas spring were a wonderful solution for being able 

to test the efficiency of the panels with tilted at different angles.  The current design, however, 

does not allow for a full range of movement of the panels (0 to 90 degrees).  One 

recommendation is to design a winch and gas spring system that has a greater range of 

movement. 

 

In the fluid system, our main suggestion is to place insulation around the pipes, and to install a 

pressure relief valve that is rated for 6 psi rather than 7 psi. Another recommendation is to 

permanently install a low-range pressure gauge in the piping that leads to the panel inlets. This 

would allow for more accurate monitoring of the fluid pressure since the fluid would be 

measured directly. Similarly, if there were a pressure relief valve rated for 6 psi installed before 

the panel inlet (rather than after the outlet) this would further ensure that the SunDrums 

would not be subject to pressures above their threshold 6 psi. The original design incorporated 

a water tank as the heat sink, and so further design iterations could try to incorporate a water 

tank. This presented a challenge for the current design due to the size and weight of a water 

tank, as well as the water supply and transport infrastructure that would be required.  

 

For instrumentation, suggested next steps include running the system in different conditions in 

order to have more expansive testing results. Also, incorporating pressure measurements in the 

instrumentation system might shed more light on what impacts the PV panels’ efficiency. 

 

Electric should be perfect since Professional Bull designed the system himself. 
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Warranty & Return Information 
PV/Thermal system guaranteed for 20 years of rigorous daily use without malfunction. Exposing 

the system to sunlight will void the warranty. 

 

Please contact Sexy Solar from SET Spring 2012 for Return Address.  We will happily take any 

dysfunctional panels and place them on our future apartments’ roofs. 


