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This is a Controversial Area of
Solar Thermal Applications

A Most laypeople, as well as many
engineers and architects, believe that
evacuated tube collectors are more
efficient than flat plate collectors



To Be Discussed

A Application areas

A Dimensional Units

A Basis for Comparing

A Third Party Test Results of Collectors(SRCC)
A Overlay Collector Perf. & Operating Conditions
A Computer Model Forecast of System Perf.

A Two Case Studies i Metered Systems

A Some examples of other installations

A Literature search of third party results of system
testing



Applications Considered Here

A Solar Domestic Water Heating (SDHW)
A Solar Space Heating (SSPHT)



A Basis for Comparison

A Typically:
I Solar electric systems: kW-hr ac/sq.ft.
I Solar thermal systems: Btu/hr-sq.ft.



Dimensional Units

A AEngl i-Pfindhi @ound) Units will be used here:
BTU/time (hour, month, year)
BTU/ft?
KW-hr/ft?
KW dc (Standard Temperature Conditions)
deg. F

A Conversions:
1 kW-hr=3413 BTU

1 BTU = 1055 joules = 1.05 kJ
1 sg. meter = 10.76 ft?



Example Dimensional Units

KW-hr/sq.ft.-yr 50
Btu/sq.ft.-yr 170,650
Natural Gas 1.71 CCF
No. 2 f.0./sq.ft.-yr 1.2 gal




X-Sections of
Solar Thermal Collector Types

A Flat Plate
A Evacuated Tube



- gross area




Flat Plate Solar Heat Collector
(cut-away sample)

Tempered Glass

Absorber Sheet with

Manifold Fluid selective coating

Passage



& absorber area aperture area gross area

evacuated annular outside absorber is
space hetween outer blacked or coated
and inner tubes

&8 absorber area aperture area - gross area



Evacuated Tube Detall
nNDewar o des.i

High Purity
Copper Heat Pipe : ‘ Ao tie
Alummum Header
Casing z,«
éll;z;bef Evacuated b :/l
/ Tube \ i
Heat Wool
Outer Transfer Fin o

Copper
Heat N
Pipe

| /‘Glass

= \ Insulation

S Stainless Steel
Mounting Frame

(@)



Evacuated Tube Collector
w/ glass-to-glass seal




Evacuated Tube Collector
w/ glass-to-metal seal




Comparison Seguence

A Third Party Testing of Collectors

A Overlay of Operating Conditions on
Collector Efficiency Plots

A Computer Model Based Performance of
SDHW Systems

A Case Studies of Two Systems

A Third 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

A Provides a uniform basis for rating the
performance of each solar collector on the
market

A Allows you to easily compare one collector
with another

A Provides a way to verify the claims of a
gl ven salesmané. nMy
provide as much as hi



Solar Thermal Collector Efficiency

A Determined by an independent, 3 party
testing organization:

A Solar Rating and Certification Corporation
(SRCC) www.solar-rating.org

A See the rating pages for over 250 thermal
collectors at the SRCC website

A Performance 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

Thousands of Btu Per Panel Per Da

CATEGORY CLEAR MILDLY CLOUDY

( Ti-Ta) DAY CLOUDY DAY
2000 1500 Btu/ft>d | 1000 Btu/ft*d
Btu/ft*-d

A (-9°F) 52 39 27

B (9F) 47 35 22

C (36°F) 40 27 15

D (90°F) 24 13 3

E (144°F) 9 1




Sample SRCC Graphical Rating

A Go to the SRCC Ratings, scroll through the listings to
find desired collector.

Example: For Collector XYZ
See nNnTechnical |l nf or mati ono ne:
on the row for I/P Units, at the right side of page:

I Y-Intercept: 0.706
I Slope: -.865 Btu/hr-ft>- F

I Pl ot the collector efficiency n



Sample Efficiency Plot
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Determine Collector Efficiency at
Given Temp. Conditions

A To Find Efficiency first determine the
horizontal axis value

AHori zont al AXi s val uece

I Delta T is the temperature difference between
the average fluid temp in the absorber and the
outside ambient air

TAl O 1 s the 1 ncil dent S O |



To use the graph, find DeltaT/I

Case T. T, T I ol /I
F F F Btu/hr-ft2
summer 120 85 35 340 0.10
Clear
Winter 120 25 95 340 0.28
Clear
summer 120 85 35 150 0.23
Overcast
Winter 120 25 95 150 0.63

Overcast




Using The Graph
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Absorber Coating Merits

A Selective Black and Flat Black shown by
efficiency curve



Effect of Absorber Coating
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Use of the Efficiency Plot

A In 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 eff

AUse fAibind weat her data for

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

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

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

A Divide the temperature difference by the solar insolation.
A Plot: hours observed vs. Delta-T/I



hours obsv'd
Outdoor Temp. avg. ambient hour group: 1000 to
Range temp. Deg. F 1700: # hrs observed

90/94 92.5 4



Efficiency

Collector Efficiencies

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

Source: SRCC Data
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Hourly Observations

cpT/I Direct & Diffuse
Full year @ 105° F
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Efficiency
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Efficiency
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Efficiency
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Efficiency
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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/ft?/yr
SRCC OG-300* 66 ft2/80 gal | 2800 42 A
Mfg. A (Evac.Tube)

SRCC OG-300* 64 ftz/80gal | 2700 42.1

Mfg. A (Flat Plate)

SRCC OG-300* 64 ft?/80 gal 2000 45 3

Mfg. B (Flat Plate)

F-Chart: Evac. Tube: | 64 ft2/80 gal 2045 46.0
F-Chart: Flat Plate: 64 ft2/80 gal 2030 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 i Flat Plates

.




Data

A In 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.

A Note that gross area is the area that the
collector takes up on the roof.
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(data not available for one week in February 2005)




Link to above paper

A http://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

A Colrain, MA test house:

A Robb Aldrich, P.E. of Steven Winter
Assoc. conducted the testing of this
house. Testing sponsored by NREL.
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Snow Cover Colrain MA house

Figure 6. At left, evacuated tube thermal collectors remain snow-covered after a Ii‘g‘ht's.hdw.' PV
panels (on western section of roof) are completely clear. Atright, evacuated tubes are cool to the
touch during an 80°F day in full sun.



Evac. Tube vs. Flat Plate
Graphical Comparison

A Ingolstadt Germany:

I Measured Results
AFlat plate
AEvac. tube

I Computer Model Results
AFlat plate
AEvac. tube
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Evac. Tube vs. Flat Plate
Graphical Comparison

A Colrain, MA

I Measured Results
AEvac. Tube

I Computer Model Results
AFlat plate
AEvac. Tube



kW-hr/sq.ft./mo

Evac Tube Test Results compared with Modeled Results for Evac Tube & FP
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How Much Heat Collected?

A 84 ft2 of Evac. Tube Collector:
I Dec, Jan. Feb. <1.5 kW-hr/ft?2/month

I 84 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 ft? hse.:
More an SDHW Sys than Space Heat Sys.

RDI Colrain Home:
Space and Water Heating Energy

5000

>

o E Propane

c 4000

L W Solar

<

I — 3000

=

+« 00

S =. 2000

XZ

=

< 1000

s 0l

2 . B
~ ~ M~ ~ ~ I~ ve) [ve) ve) ve)
ﬁﬁ:’jozgﬁfgsg

Month

Figure 2. Monthly space and water heating loads during the first year the home was occupied.



Examples w/ Snow Cover or Frost
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