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This is a Controversial Area of 

Solar Thermal Applications

ÅMost laypeople, as well as many 

engineers and architects, believe that 

evacuated tube collectors are more 

efficient than flat plate collectors



To Be Discussed

ÅApplication areas

ÅDimensional Units

ÅBasis for Comparing

ÅThird Party Test Results of Collectors(SRCC)

ÅOverlay Collector Perf. & Operating Conditions

ÅComputer Model Forecast of System Perf.

ÅTwo Case Studies ïMetered Systems

ÅSome examples of other installations

ÅLiterature search of third party results of system 
testing



Applications Considered Here

ÅSolar Domestic Water Heating (SDHW)

ÅSolar Space Heating (SSPHT)



A Basis for Comparison

ÅTypically:

ïSolar electric systems: kW-hr ac/sq.ft.

ïSolar thermal systems: Btu/hr-sq.ft.



Dimensional Units
Å ñEnglishò or I-P (inch ïpound) Units will be used here:

BTU/time (hour, month, year) 

BTU/ft2

kW-hr/ft2

kW dc (Standard Temperature Conditions)

deg. F

Å Conversions:

1 kW-hr = 3413 BTU

1 BTU = 1055 joules = 1.05 kJ

1 sq. meter = 10.76 ft2



Example Dimensional Units

kW-hr/sq.ft.-yr 50

Btu/sq.ft.-yr 170,650

Natural Gas 1.71 CCF

No. 2 f.o./sq.ft.-yr 1.2 gal



X-Sections of 

Solar Thermal Collector Types

ÅFlat Plate

ÅEvacuated Tube





Flat Plate Solar Heat Collector

(cut-away sample)

Manifold

Tempered Glass

Fluid 

Passage

Absorber Sheet with 

selective coating





Evacuated Tube Detail

ñDewarò design



Evacuated Tube Collector

w/ glass-to-glass seal



Evacuated Tube Collector

w/ glass-to-metal seal



Comparison Sequence

ÅThird Party Testing of Collectors

ÅOverlay of Operating Conditions on 

Collector Efficiency Plots

ÅComputer Model Based Performance of 

SDHW Systems

ÅCase Studies of Two Systems

ÅThird Party Test Results of Systems using 

Flat Plate and Evacuated Tube Collectors



Compare Performance by Third 

Party Testing of Collectors 



The Importance of Third Party 

Testing of Solar Collectors

ÅProvides a uniform basis for rating the 

performance of each solar collector on the 

market

ÅAllows you to easily compare one collector 

with another

ÅProvides a way to verify the claims of a 

given salesmané.ñMy collector will 

provide as much as his, with İ the area!ò



Solar Thermal Collector Efficiency

ÅDetermined by an independent, 3rd party 

testing organization: 

ÅSolar Rating and Certification Corporation 

(SRCC) www.solar-rating.org

ÅSee the rating pages for over 250 thermal 

collectors at the SRCC website

ÅPerformance data are give in tabular form 

and coordinates for graphing

http://www.solar-rating/
http://www.solar-rating/
http://www.solar-rating/


Sample SRCC Tabular Rating



Sample SRCC Graphical Rating

ÅGo to the SRCC Ratings, scroll through the listings to 

find desired collector.

Example: For Collector XYZ

See ñTechnical Informationò near bottom of SRCC rating sheet:

on the row for I/P Units, at the right side of page:

ïY-Intercept: 0.706

ïSlope: -.865 Btu/hr-ft2- F

ïPlot the collector efficiency ñcurveò using those values.



Sample Efficiency Plot
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Determine Collector Efficiency at 

Given Temp. Conditions

ÅTo Find Efficiency first determine the 

horizontal axis value

ÅHorizontal Axis value is ñDelta T/Iò where:

ïDelta T is the temperature difference between 

the average fluid temp in the absorber and the 

outside ambient air

ïñIò is the incident solar radiation.



To use the graph, find DeltaT/I

Case Ti
F

Ta
F

Tȹ
F

I
Btu/hr-ft2

ȹT/I

Summer

Clear
120 85 35 340 0.10

Winter

Clear
120 25 95 340 0.28

Summer

Overcast
120 85 35 150 0.23

Winter 

Overcast
120 25 95 150 0.63



Using The Graph

FP w/SB 
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Absorber Coating Merits

ÅSelective Black and Flat Black shown by 

efficiency curve



Effect of Absorber Coating
FP w/SB vs. FP w/FB
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Use of the Efficiency Plot

ÅIn order to select a collector for a given 

application, we need to know where along 

the efficiency curve the system will 

operate for most of the time in use



In an attempt to show how much 

time a system operates in a given 

part of the efficiency curveé..

ÅUse ñbinò weather data for the given site.

ÅSelect temperatures in the 10:00 AM to 5:00 PM hourly 
observation groups, for entire year (or heating season)

ÅAssume a given maximum solar collector operating 
temperature, I used 120 deg. F (errs on the high side)

ÅDetermine the # of hours for each temperature difference 
between observed and max. collector temp.

ÅDivide the temperature difference by the solar insolation.

ÅPlot: hours observed vs. Delta-T/I



hours obsv'd
Outdoor Temp. 

Range

avg. ambient 

temp. Deg. F

hour group: 1000 to 

1700: # hrs observed

90/94 92.5 4



Collector Efficiencies 
"Average" Flat Plate Collector v. "Average" Evacuated Tube Collector

Source: SRCC Data
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ȹT /I D ir ec t  &  D iffu se

F u ll year  @  105°  F
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Collector Efficiencies and ȹT /I D ir ec t  &  D iffu se

F u ll year  @  105°  F
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ȹT /I D ir ec t  &  D iffu se

F u ll year  @  120°  F
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Collector Efficiencies and ȹT /I D ir ec t  &  D iffu se

F u ll year  @  120°  F
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ȹT /I D ir ec t  &  D iffu se

F u ll year  @  140°  F
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Flat Plate & Evac Tube Efficiency Plot
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Compare System Performance 

by Computer Model



By Computer Model

Evac Tube vs. Flat Plate

Solar Domestic Water Heating

Data Source System kW-hr/yr kW-hr/ft2/yr

SRCC OG-300*

Mfg. A (Evac.Tube)

66 ft2/80 gal 2800 42.4

SRCC OG-300*

Mfg. A (Flat Plate)
64 ft2/80 gal 2700 42.1

SRCC OG-300*

Mfg. B (Flat Plate)

64 ft2/80 gal 2900 45.3

F-Chart: Evac. Tube: 64 ft2/80 gal 2945 46.0

F-Chart: Flat Plate: 64 ft2/80 gal 2930 45.8
*Boston data: TRYNSYS runs



Compare System Performance by 

Third Party Testing



Evac Tube vs. Flat Plate

Solar Space Heating

2 Case Studies



Ingolstadt House (Germany)

Evac tubes on left & flat plates on right



Snow Cover & Frost

Evac Tubes ïFlat Plates



Data

ÅIn the following slide, notice the difference 

in output between the Vacuum Tube 

Collector and the Flat Plate, when the two 

are compared on the basis of aperture 

area and gross area.

ÅNote that gross area is the area that the 

collector takes up on the roof.





Link to above paper

Åhttp://02bb1c3.netsolhost.com/features/Pe

rformance%20-

%20Flat%20Plate%20vs%20Vacuum%20

Tube.pdf

http://02bb1c3.netsolhost.com/features/Performance -
http://02bb1c3.netsolhost.com/features/Performance -
http://02bb1c3.netsolhost.com/features/Performance -


Solar Space Heating & DHW with 

evacuated tube collectors

ÅColrain, MA test house:

ÅRobb Aldrich, P.E. of Steven Winter 

Assoc. conducted the testing of this 

house. Testing sponsored by NREL.



Colrain, MA ñlow energy houseò



Snow Cover Colrain MA house



Evac. Tube vs. Flat Plate

Graphical Comparison

ÅIngolstadt Germany:

ïMeasured Results

ÅFlat plate

ÅEvac. tube

ïComputer Model Results

ÅFlat plate

ÅEvac. tube
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Evac. Tube vs. Flat Plate

Graphical Comparison

ÅColrain, MA

ïMeasured Results

ÅEvac. Tube

ïComputer Model Results

ÅFlat plate

ÅEvac. Tube
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How Much Heat Collected?

Å84 ft2 of Evac. Tube Collector:

ïDec, Jan. Feb. <1.5 kW-hr/ft2/month

ï84 ft2 x 1.5 kW-hr/ft2/mo x 3413 Btu/kW-hr

= 430,038 Btu/mo

= ~4.69 gal propane or 3.1 gal #2 fuel oil/mo



84 ft2 evac tube coll/1300 ft2 hse.:

More an SDHW Sys than Space Heat Sys.



Examples w/ Snow Cover or Frost






