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Standard Practices for
Simulated Service Testing for Corrosion of Metallic
Containment Materials for Use With Heat-Transfer Fluids in
Solar Heating and Cooling Systems 1
This standard is issued under the fixed designation E 745; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilonef indicates an editorial change since the last revision or reapproval.
1. Scope subcomponent construction. It utilizes controlled schedules of

1.1 These practices cover test procedures simulating fiel@Peration in a field test.
service for evaluating the performance under corrosive condi- 1.5 This standard does not purport to address all of the
tions of metallic containment materials in solar heating ancfafety concerns, if any, associated with its use. It is the
cooling systems. All test results relate to the performance of thEeSponsibility of the user of this standard to establish appro-
metallic containment material only as a part of a metal/fluigPriate safety and health practices and determine the applica-
pair. Performance in these test procedures, taken by itself, do84ity of regulatory limitations prior to usef-or a specific safety
not necessarily constitute an adequate basis for acceptance R§Ecaution statement see Section 6.
rejection of a particular metal/fluid pair in solar heating and
cooling systems, either in general or in a particular design.

1.2 These practices describe test procedures used to evalu2-1 ASTM Standards: _ ,
ate the resistance to deterioration of metallic containment E 712 Practice for Laboratory Screening of Metallic Con-
materials in the several conditions that may occur in operation  t&inment Materials for Use With Liquids in Solar Heating
of solar heating and cooling systems. These conditions include: _and Cooling Systenis _ _ _
(1) operating full flow; @) stagnant empty vented; 3) Gl Pracnce for P_reparlng, Cleaning, and Evaluating Cor-
stagnant, closed to atmosphere, non-draindown; ard) ( rosion Test Specimehs
stagnant, closed to atmosphere, draindown.

1.3 The recommended practices cover the following thre

2. Referenced Documents

e?" Terminology
3.1 Definitions:

tests: _ _ -
1.3.1 Practice A—Laboratory Exposure Test for Coupon 3.1.1 collector, n—a device designed to absorb incident
Specimens. solar radiation and transfer the energy to a heat-transfer fluid.

A collector has an absorber surface, a containment membrane,
and may or may not have insulation and glazing.
3.1.2 pane| n—the absorber surface and containment mem-

1.3.2 Practice B—Laboratory Exposure Test of Compo-
nents or Subcomponents.

1.3.3 Practice G—Field Exposure Test of Components or o
Subcomponents. brane within the collector._ . o

1.4 Practice A provides a laboratory simulation of various S-1-3 componentn—an individually distinguishable prod-
operating conditions of solar heating and cooling systems. [¢Ct that forms part of a more complex product, that is, a
utilizes coupon test specimens and does not provide for heating!PSystem or system. The panel and collector are each com-
of the fluid by the containment material. Practice B provides &2°N€Nts.

laboratory simulation of various operating conditions of a solar 3:1-4 Simulated subcomponemt—a specimen fabricated in
heating and cooling system utilizing a component or a simySUch @ manner as to embody the major characteristics of a
mponent with regard to material selection, design, forming,

lated subcomponent construction, and does provide for heating: . -
of the fluid by the containment material. Practice C provides 4°0ning. and surface condition.
field simulation of various operating conditions of solar heating, Significance and Use

and cooling systems utilizing a component or a simulated L .
9 sy g P 4.1 At this time none of these practices have been demon-

strated to correlate with field service.
4.2 Because these procedures do not restrict the selection of

N Lo .
These test methods are under the jurisdiction of ASTM Committee E44 on ither the containment material or the fluid for testing, it is

Solar, Geothermal, and Other Alternative Energy Sources and is the direc‘te
responsibility of Subcommittee E44.05 on Solar Heating and Cooling Subsystems
and Systems. I —

Current edition approved May 30, 1980. Published August 1980. Origianlly 2 Annual Book of ASTM Standardéyl 12.02.
approved in 1980. Last previous edition approved in 1996 as E 745-80(1996). 2 Annual Book of ASTM Standardgyl 03.02.
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essential that consideration be given to the appropriate pairing. Calculations and Interpretation of Results
of metal and fluid. Likewise, knowledge of the corrosion
protection mechanism and the probable mode of failure of

T oot or nentof meal inning, and by examinaton adaragni-
’ P ’ P 9 " cation for incidence of localized attack.

4.3 ltis important that consideration be given to each of the i . -
permitted variables in test procedure so that the results will be /-1-1 Whatever cleaning method is used, the possibility of
meaningfully related to field performance. It is especiallyremoval of solid metal is present; this results in error in the

important that the time of testing selected be adequate tgetermination of the corrosion rate. One or more cleaned and
correctly measure the rate of corrosion of the containmeng*@mined specimens should be recleaned by the same method
material. and re-examined. Loss due to this second cleaning may be used

as a correction to the first one.

Note 1—Corrosion, whether general or localized, is a time-dependent ; ; ;
phenomenon. This time dependence can show substantial nonlinearity. F0r7'l'2 To determine the corrosion rate_s based on weight oss,
example, formation of a protective oxide will diminish corrosion with Calcmat? the total surface area (ma}klng allowance ,f‘?r the
time, while certain forms of localized attack accelerate corrosion withchange in surface area due to mounting holes) and divide the
time. The minimum time required for a test to provide a corrosion rate thaweight loss by the area to obtain the weight loss per unit area.
can be extrapolated for the prediction of long-term performance varieFhis result may be divided by the duration of the test to obtain
widely, depending on the selection of metal and fluid, and on the form okhe corrosion rate in weight loss per unit area per unit time
corrosion attack. Therefore, it is not possible to establish a Singletsuch as mg/dﬁiday: mdd). This result may be divided by the

minimum length of test applicable to all materials and conditions. itv of th tal to obtai te of | int f thick
However, it is recommended that for the tests described in these practiceqenSlyo € métal to obtain arate orloss Inierms or thickness

a test period of no less than 6 months be used. Furthermore, it igf the specimen (mils per year = mpy), for instance:

recommended that the effect of time of testing be evaluated to detect any Ryqq = 100 000(W, — W,)/AT) (1)
significant time dependence of corrosion attack.

4.4 1t is essential for the meaningful application of these )
procedures that the length of test be adequate to detect chang Qere.
in the nature of the fluid that might significantly alter the ,,mdd
corrosivity of the fluid. For example, exhaustion of chemical WO
inhibitor or chemical breakdown of the fluid may occur after At
periods of months in selected cycles of operation. T

7.1 Determine the deterioration of the containment material
y measurement of weight loss when possible, by measure-

the corrosion rate, mdd,
original weight, g,

final Wenight, g,
area, cnt, and
duration, days.

Note 2—Many fluids that may be considered for solar applications or
contain additives to minimize the corrosivity of the fluid. Many such
additives are useful only within a specific concentration range, and some
additives may actually accelerate corrosion if the concentration falls
below a critical level. Depletion kinetics can be a strong function of the
exposed metal surface area. Therefore, for tests involving fluids with suc
additives, consideration must be given to the ratio of metal surface area tcwmpy
fluid volume as it may relate to an operating system. WO

Rupy = 393.7(W, — W/ATD) 2

where:

corrosion rate, mpy,
original weight, g,
final weight, g,
area, cm'g,

t
5. Materials .
5.1 Any metallic material may be selected for evaluation. gg:}asti',g/nbyfr%rs’ and
The material must be capable of being described with sufficient _ e i )
accuracy to permit reproduction of the test. .7'.1.3 Ider)t|fy any quence of localized corrosion, whether
5.2 Any heat-transfer fluid may be selected for evaluationPitting, crevice attack, intergranular attack, cracking, or any
However, it is expected that the fluid will be selected withOther form of localized attack, rate under at least<10
consideration given to possible interactions of material andnagnification, and report. Report the location, distribution, and
fluid under the conditions of testing. The fluid should beMaximum depth of attack for any localized attack.
capable of being described chemically, as to its basic compo- 7.2 Report any changes of the heat-transfer fluid, for ex-
nents and as to the presence or absence of minor compone®t@ple, appearance or odor, and include the results. Describe
that affect the interaction with the metal. It is permitted toany changes in the appearance or condition of the test
precondition the fluid before testing. Any such preconditioningapparatus indicative of interaction with the metal specimen or

= >

o

treatment shall be described in the report. fluid.
. 7.3 In the event of film formation and buildup, report the
6. Safety Precautions nature of the film and its degree of buildup.

6.1 Particular attention must be directed to avoidance of 7.4 For the evaluation of a containment material couple, an
materials, fluids, or metal/fluid pairs that can be hazardous teffort should be made to utilize the same procedures as for a
the operator. The flammability, vapor pressure, and toxicity okingle material test. However, because of the variability per-
the heat transfer fluid shall be known prior to initiation of mitted in the design of the specimen for the couple, it may not
testing and appropriate precautionary measures shall be takbe appropriate to report weight loss or penetration. For all tests
to ensure the safety of all test personnel. of metal couple/fluid performance, special attention should be
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given to observation and reporting of localized corrosion andlO. Test Specimens and Sample

evidence of galvanic attack. 10.1 Select the test specimens from material that may
reasonably represent that material as it would be applied in a
8. Report solar heating and cooling system.

8.1 Identify the containment material using a recognized 1Q.2 For I.aboratory corrosion test.s that simulate exposure t_o
standard test method, where applicable, or by chemical analypervice environments, a commercial surface such as a mill
sis. In case of identification by a standard method, supplemeriinish, closely resembling the one that would be used in
tal identification by typical analysis for that standard, or byService, will yield the most significant results. For more
chemical analysis of the specimen is desirable. searchlng tests of either the metal or the environment, starjo!ard

8.2 Report the dimensions and configuration of the Specfurface finishes may be preferred. Ideally, the surface finish

In th f al le. th ¢ shall includ sthould be recorded in surface roughness terms, such as rms:-in.
men. In the case of a metal couple, the report shall include at ;| § 5 Saneral Cleaning

least the following elementsi) description of the individual 10.3.1 General cleaning may be accomplished with a wide
components of the couple2 description of the method of variety of cleaning media. Water-based cleaners should be

attach_me_nt or association_of the couple including any thirgg)oved by an alcohol dip after thorough rinsing. Solvent
material introduced as a binder or for other function and th%leaners such as petroleum fractions, aromatic hydrocarbons,

procedures or connection, for example, surface preparation,y chiorinated hydrocarbons are generally acceptable. Chlo-
conditions of attachment, and cleanin§) @ny change of the inateq solvents, however, should not be used on titanium,

containment materials resulting from the coupling proceduregtaininless steel, or aluminum. Mechanical cleaning of very

and @) description of the relative areas of exposure of thegmgaoth surfaces may be accomplished by using a pase of
components of the couple to the heat-transfer medium. magnesium oxide or aluminum oxide.

8.3 The heat-transfer fluid shall be identified by standard 10.3.2 Any of the methods suitable for cleaning a given
methods where applicable, by initial chemical analysis, or bytorroded specimen may be used to complete the cleaning of
proprietary designation. Use of trademarks, or names ofpecimens prior to test, provided that they do not cause
patented or proprietary products, without accompanyindocalized attack. The cleaned specimens should be measured
chemical description is discouraged but not prohibited. Foand weighted. Dimensions determined to the third significant
aqueous transfer fluids, the analysis of the water used shall Higjure and weight determined to the fifth significant figure are
reported. usually satisfactory.

8.4 Identify the procedure used. Specify the test conditions 10.4 Metallurgical Conditior—Specimen preparation may
used, including specimen preparation, time and temperatui@ange the metallurgical condition of the metal. For example,
schedule, degree of atmospheric exposure of the heat transféftearing a specimen to size will cold work and possibly
fluid, stirring, and flow rate, where applicable. Describe theffacture the edges. The specimen may be tested in this
method of temperature measurement and control, with confondition if it is believed that such condition may be encoun-
ment on its accuracy and precision. Report any deviation fronfered in service. In such case, the condition shall be described
the standard procedure and so identify as a deviation. in the report of results. However, it is recommended that

8.5 Report the weight loss and average penetration rat éha_ngesFm metallulrglc?]l congltlgn be t;]orrtledct;zd for cr:]gst?jmar);]
when applicable. If the time dependence of the corrosion rat sting. For example, sheared edges should be machined or the

R o . ecimen annealed.
is significant, (see Note 1), note this in the report, and includeP . . . . .
a plot of the corrosion rate as a function of time. Report all 10.5 Alternative Specimen Desigaslternative specimen

instances of localized deterioration of the test specimen. In thges'g.ns’ particularly those Incorporating crevices or metal
- : coupling as may be encountered in service, are recommended.
event of pitting or other non-uniform attack, report the fre- . : i
uency of attack and maximum penetration 10.5 EI_ectront|_c Cleaning—For many me_tals, electrolytlc
q o . cleaning is a satisfactory method for cleaning after testing.
8.6 A commentary on the results and their interpretation, 1061 The following method is typical: after scrubbing to
particularly their applicability to various designs for solar omqgye |oosely attached corrosion products, treat the specimen
heating and cooling systems, is optional but desirable. as a cathode in hot, dilute sulfuric acid under the following

conditions:
PRACTICE A LABORATORY EXPOSURE TEST 10.6.1.1 Electrolyte— Sulfuric acid (5 weight %),
FOR COUPON SPECIMENS 10.6.1.2 Inhibitor—0.2 volume % organic inhibitor (see
Note 3),
9. Scope 10.6.1.3 Anode—Carbon or lead (see Note 4),

9.1 This procedure is intended to evaluate the resistance to 10.6.1.4 Cathode—Test specimen,
deterioration of metallic containment materials in contact with 10.6.1.5Cathode Current Density-2000 A/nf,
various heat-transfer fluids. By proper selection of test condi- 10.6.1.6 Temperature- 165°F (75°C), and
tions, a wide range of operating conditions may be evaluated. 10.6.1.7 Exposure Periog- 3 min.
Howe\_/er* the_teSt procedure does not pro_wde fora Colnd'f“on Note 3—Instead of using 0.2 volume % of any proprietary inhibitor,
wherein heat is transferred from the containment material int@pout 0.5 kg/ of inhibitors such as diorthotolyl thiourea, quinoline
the fluid. ethiodide, or betanaphthol quinoline may be used.



A8y E 74580 (2003)

Note 4—If lead anodes are used, lead may deposit on the specimen argipically a 4-L container of heat-resistant glass (see Note 7).
cause an error in the weight loss. If the specimen is resistant to nitric acidorovision is made for closing the top of the test cell with a
the lead may be removed by a flash dip in 1 + 1 nitric acid. Except for themachinable nonmetallic cover (for example, polypropylene
possible source of error, lead is preferred as an anode as it gives mogecetal conolvmers) while providing openin ,for tem erature:
efficient corrosion product removal. . poly . ). P . 9 _p g. P

) ) measuring devices, tubes for simulating draindown, and tubes

_10.6.2 After_the electrolytic treatment, scrub the specimeng,, gas sparging (see Fig. 1). All materials used in the apparatus
with a brush, rinse thoroughly, and dry. , shall be selected so that there is no significant interaction, other

/10.6.3 This electrolytic treatment may result in the redepoyan the possibility of a mechanically imposed crevice, with
sition of metal, such as copper, from reducible corrosionne containment material or the heat-transfer fluid.
products and, thus, lower the apparent weight loss.

10.7 Chemical Cleaning-Chemical cleaning of specimens Note 7—For certain containment materials, there exists the possibility
after testing is satisfactory provided the following methods arghat silicate from the glass of the apparatus contaminating an aqueous
used: heat-transfer fluid would significantly affect the corrosion observed in this

. . - test. The effect of silicate from this source would be minimal in those
10.7.1 Copper and Nickel Alloys-Dip for 1 to 3 min in HCI cases in which silicates are a part of the corrosion inhibitor system, or in

(1 +1) or HSO, (1 +10) at room temperatu're. ScrUb ”9ht_|y which silicates are otherwise present in the heat-transfer fluid. However,
with bristle brush under running water, using fine scouringfor those cases in which the effect of silicate from glassware could have
powder if needed. a significant effect on the results, it is recommended that other materials

10.7.2 Aluminum Alloys— Dip for 5 to 10 min in a water be used for the apparatus, such that no significant extraneous effects will
solution containing 2 weight % of chromic acid (chromium P introduced in the results of the test.

trioxide, CrQ;) and 5 vol % of orthophosphoric acid {RO,, 11.2 Specimen Holders- Specimens shall be secured to
85 %) maintained at 175°F (80°C). Ultrasonic agitation will nonmetallic holders utilizing a nonmetallic fastener or a
facilitate this procedure. Rinse in water to remove the acidfastener of the same material, similar in composition and
brush very lightly with a soft bristle brush to remove any looseprocessing. The specimen holders are in turn secured to the
film, and rinse again. If film remains, immerse 1 min in mixing shaft. For the purpose of simulating field service
concentrated nitric acid and repeat previous steps. Nitric acigonditions, dissimilar metals that exist in operating systems
alone may be used if there are no deposits. (for example, steel storage tanks, Pb-Sn solders, copper plumb-

10.7.3Tin Alloys—Dip for 10 min in boiling trisodium ing) may be included in the cell. Galvanic couples may be
phosphate solution (15 %). Scrub lightly with bristle brushestablished between materials that are in electrical contact in
under running water, and dry. operating systems.

10.7.4 Iron and Steel- Suitable methods are as follows: 11.3 Mixing Shaft capable of rotating, such that the outer

10.7.4.1 Preferably, use eI’ectron'.[ic cleaning (see 10.6). edge of the specimen encounters a fluid-to-metal speed ap-
- 10.7.4.2 Immerse in Clark’s solution (100 parts hydrochlo-proximately equivalent to fluid flow rates encountered in
ric acid, 2 parts antimonious oxide, 5 parts stannous chloridedeyyice.

for up to 25 min. Solution may be cold, but it should be stirred 11.4 Heating Device— The test cell may be heated by

vigorously. . ._._mantle, hot plate, or bath. Use of the bath may minimize the

10'.7.'4'3 Remove scales formed on steel under O.X'd'z'n@ariation in heating and cooling rates when metal/fluid pairs
conditions in 15 volume % concentrated phosphoric acid, o peing evaluated. For certain fluids, the more localized
containing 0.15 volume % of organic inhibitor at room tem- heating typical of a hot plate in comparison with the other

perature. . . _ . methods, may produce changes in the heat-transfer fluid.
10.7.4.4 Clean stainless steel in 20 % nitric acid at 140°F 11.5 Metal/fluid heating and cooling rates. and the upper
(60°C) for 20 min. : g g ; pp

and lower temperature limits, should be selected to simulate

10.7.4.5 In place of chemical cleaning, use a brass scraper . -
or brass bristle brush, or both, followed by scrubbing with a‘ﬁeld service conditions. Control of temperature at the upper

; , . and lower limits should bhe 5°F (3°C). Cooling below
wet bristle brush and fine scouring powder. . . . : .
ambient may be accomplished by a refrigeration unit.

Note 5—Such vigorous mechanical cleaning is applicable when weight 11.6 Conditions of aeration and deaeration may be accom-
losses are large and hence errors in weight loss will produce only Smaﬂlished by gas sparging.

errors in corrosion rates. Blank connections will be difficult to apply. 11.7 Autoclave—For test conditions that cannot be achieved

~ 10.7.4.6 Other methods of cleaning iron and steel includg, open atmosphere, the mixing shaft and attached specimens
immersion in hot sodium hydride, and cathodic pickling in can be transferred to an autoclave.

molten caustic soda.

Note 6—These methods may be hazardous to personnel. They shoufi2. Procedure

not be carried out by the uninitiated or without professional supervision. 12.1 Cut metallic containment test specimens from sheet
10.7.5 After cleaning and thorough rinsing, dry and weighhaving a gage similar to the wall of the solar absorber channel.
the samples. The metallurgical condition of the test specimen should be
similar to that of the finished absorber product. Typical test
11. Apparatus specimen dimensions aré&l(41 mm) in. long by 1 in. (25
11.1 Test Cel—For those portions of the test procedure thatmm) wide. Dimensions should be maintained to within
may be performed at atmospheric pressure, the test cell 3.005 in. (0.10 mm).
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Note 1—The systems are initially charged with liquid through the priming @rby opening the manual two-way valv). The common flow path
(3) is from the reservoir4), through the pumps), to the three-way solenoid valvé)( The primary flow path?) is across the samples. The flow path
is changed from primary to secondary by activating the three-way solenoid Wlead the secondary patt8) during loop stagnation is through the
flowmeter (9). The hot plate 10) maintains the liquid temperature during stagnation. In systems which stagnate above the boiling point of the liquid,
a two-way solenoid valvel() placed at the top of the loop is activated during stagnation. In continuous flow systems, a manual three-way valve replaces
the three-way solenoid valvé)(
FIG. 1 Schematic Showing the Various Components of the Loop Systems

12.2 Clean specimens and weigh to an accuracy of 0.1 mg 12.3.3 Allow test cells to cool for 1 h.
immediately prior to testing. Multiple similar specimens may 12.3.4 Pump fluid from test cell to reservoir. Cool test cells
be prepared to facilitate a withdrawal schedule for the purposto 50°F (10°C) in ¥2h and maintain until cycle is repeated the
of examining the time dependence of metal/fluid interactionfollowing day.
Assemble the apparatus and fill the test cell with a volume of 12.3.5 On aregular schedule, that is, once every two weeks,
the selected heat-transfer fluid sufficient to cover all specimeneeplace the daily cycle with an autoclave cycle. For example,
(for example, 15 crilcn?). A sufficient volume of the heat- transfer the mixing shaft to the autoclave and secure so as to
transfer fluid should be retained to permit later chemicalavoid galvanic contact. Heat the autoclave to 400°F (204°C),
analysis as desired. During testing, should significant evapdiold for 4 h at400°F and then allow to cool. Then return the
ration occur, it is permitted to add solvent periodically (that is,specimens to the test cell. This procedure is intended to
in aqueous systems, either potable or distilled water; irsimulate the stagnant empty condition.
nonaqueous systems, the heat-transfer fluid at full strength) to 12.4 Specimens may be withdrawn at interim periods, for
maintain the fluid volume-to-specimen surface area ratio.  example, at 1 month and 3 months, and at the conclusion of the
12.3 Any schedule of operation may be selected; however, test, typically 6 months (see Note 1).
is recommended that the schedule reflect the range of condition . )
that may be typically encountered in field service. For ex-13. Precision and Bias
ample: 13.1 This procedure has been used by a laboratory for
12.3.1 Test cells are at 50°F (10°C). Pump fluids fromscreening of copper and aluminum containment materials and
reservoirs to test cells and heat test cells to 200°F (93°C) in Yarious aqueous and nonaqueous heat-transfer fluids. The
h. results are reported to have satisfactory repeatability and
12.3.2 Maintain test cells at 200°F (93°C) for 6 h. reproducibility. No supporting data are provided; therefore, the
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precision and bias of this procedure are unknown. The procesncountered in service, or an alternative material inert with
dure is set down here for the purpose of regularizing testing imespect to the heat-transfer fluid.
order to develop meaningful precision and bias data. 16.3 Pump of appropriate size and control to provide a flow
rate, expressed in volume per time, that would be typical of
PRACTICE B LABORATORY EXPOSURE TEST OF anticipated service conditions. The material of construction of
COMPONENTS OR SUBCOMPONENTS the pump shall be that which would customarily be encoun-
14. Scope tered in service, or an alternative material inert with respect to

' the heat-transfer fluid.

14.1 This procedure is intended to evaluate the performance 16.4 The system shall be plumbed with the same materials
under corrosive conditions of containment materials in comgzs would be typically employed in service conditions. The
ponents, or simulated subcomponents, in simulations of varinature of these materials and the manner of their attachment to
ous conditions of field service achieved under laboratorsthe absorber shall be reported.
procedures. 16.5 Timing Device— The test shall be operated by a
. on a
15. Test Specimens and Sample g(;ir;;rcél:zétgglgggyr/azotrl]rher that will activate the pump

15.1 Select the test Specimen from material that would 16.6 Temperature_Monitoring DevieeProvision shall be
reasonably represent the material as it would be applied in gade for monitoring the temperature of the exterior surface of
solar heating and cooling system. the test specimens, other parts of the containment system, and

15.2 The test specimen may be a tube or pipe, a section @he liquid in the tank at various points in the system.
flow channel cut from a panel, or a simulated subcomponent. It 16.7 Provision shall be made for aeration or deaeration of
is recommended that the specimen be constructed to pernifie heat-transfer liquid.

weight loss measurements.
17. Procedure
16. Apparatus 17.1 If the specimen is suitable for weight loss measure-

16.1 The apparatus shall consist of a storage tank, a pumments, then the specimen shall be cleaned in accordance with
suitable plumbing, a process controller, monitoring equipmentPractice E 712.

a refrigeration unit, and a suitable means of heating the 17.2 Assemble the apparatus and charge with heat-transfer
metallic containment loop (see Fig. 1 and Fig. 2). fluid.

16.2 Tank of sufficient size to receive the thermal output of  17.3 Any schedule of operation is permitted; however, it is
the collector without reaching temperatures appreciably imecommended that consideration be given to the anticipated
excess of those expected in service. For those systems in whidield operation in the selection of a schedule of full operation
ratio of fluid volume to absorber contact surface is thought teand stagnation cycles. For systems in which stagnation is
be significant, the tank size shall be adjusted accordingly. Theonsidered to be the condition most likely to cause metal
tank material shall be that which would customarily bedeterioration, the scheduling of stagnation periods more often

“e———ALUMINUM SHEATHING
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FIG. 2 Schematic of a Typical Loop Showing the Samples, the Sample Support System, and the Sheathing Support System
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than would typically be encountered in service provides a 21.4 Pump of appropriate size and control to provide a flow

method of accelerated testing. rate, expressed in volume per time, that would be typical of
17.4 It is recommended that the test be conducted on anticipated service conditions. The material of construction of
specified cycle for at least 90 days. For example: the pump shall be that which would customarily be encoun-
17.4.1 Initiate the cycle at the minimum expected serviceered in service, or an alternative material inert with respect to
temperature. the heat-transfer fluid.
17.4.2 Heat the containment system to a maximum service 21.5 The system shall be plumbed with piping and fittings
temperature over a 1-h period. of the same materials as would be typically employed in

17.4.3 Maintain the containment system at the maximunservice conditions. The nature of these materials and the
service temperature f&® h under designated stagnation con-manner of their attachment to the absorber shall be reported.
ditions. 21.6 Timing Device— The test shall be operated by a

17.4.4 Permit flow to resume and cool the containmentontroller, typically a timer that will activate the pump on a
system to the minimum service temperature over a period of dlaily cycle of operation.

h. 21.7 Temperature-Monitoring Devieelt is recommended
17.5 Provide for periodic withdrawal of samples of the that provision be made for monitoring the temperature of the
heat-transfer fluid for chemical analysis. absorber panel, other parts of the collector, and the fluid at

17.6 Atthe end of the test period, disassemble the apparatwsirious points in the system.
and visually inspect for indications of corrosion or accumula- 21.8 Several test collectors may be operated at the same

tion of deposits. time on a single system provided the collectors are plumbed in
parallel, and provided there is no likelihood of interaction
18. Precision and Bias through alteration of fluid chemistry.
N ?I; tiTn?ee precision and bias of this procedure are unknow, p.jedure
' 22.1 Assemble the apparatus and charge the heat-transfer
PRACTICE C FIELD EXPOSURE TEST OF fluid in @ manner similar to that which would be employed in
COMPONENTS OR SUBCOMPONENTS SEervice. o , o
22.2 Any schedule of operation is permitted; however, it is
19. Scope recommended that consideration be given to the anticipated

. o field operation in the selection of a schedule of full operation
mance under cortosie condiions of containment matefials {7 SI2GNAION cycles. For systems in which stagnatin is
onsidered to be the condition most likely to cause metal

\c/g:?opuosnilgtrs] dﬁignsémcli‘lzi‘tii? d Ssljet)rfl?cn;pggﬁg\"/seén b‘;m::uolgtt:gﬂeg%eterioration, thg scheduling of stagnat_ion periods more often
operation in a field test than would typically be er_wountered in service provides a
' method of accelerated testing. For example:

. 22.2.1 Pump the system overnight to cool the fluid, except

20. Test Specimens and Sample under conditiogs thatywould lead tg freezing of the fluid. P
20.1 The test specimen shall be a metallic absorber panel of 22 2 2 Continue pumping through the morning until solar

a solar collector, either a full-size unit, or a subsize unithggn.

constructed to simulate the full-size unit. The panel and the 22 2 3 |nterrupt pumping at solar noon. The fluid may be

represent the unit as it would be typically applied in a solafhe condition being evaluated.

heating and cooling system. 22.2.4 Resume pumping/dh after solar noon.
22.2.5 Continue pumping thereafter until the next cycle.
21. Apparatus 22.3 It is recommended that the test be operated on the

21.1 The apparatus shall consist of the collector, a storagepecified daily cycle for at least 1 year. Shorter periods may be
tank, a pump, suitable plumbing, a process controller, an@mployed if effort is made to characterize the severity of the
monitoring equipment. solar exposure with respect to the season of the year.

21.2 Collector—It is recommended that the collector be 22.4 In the event that leakage is observed on the face of the
mounted with the aperture aligned with true south and tilted apanel, repair the panel by applying a sealer that is compatible
an angle equal to the latitude of the test site, as nearly awith the panel. Report the nature of the leakage, its time of
practicable. occurrence, and repair procedure.

21.3 Tank of sufficient size to receive the thermal output of 22.5 It is recommended that the temperatures of the panel
the collector without reaching temperatures appreciably irand fluid be measured at various times in the operating
excess of those expected in service. For those systems in whiskthedule to characterize the cycle of operation. It is also
the ratio of fluid volume to absorber contact surface is thoughtecommended that such measurements be made on a regular
to be significant, the tank size shall be adjusted accordinglyschedule within the period of testing to characterize the
The tank material shall be that which would customarily beexposure period.
encountered in service, or an alternative material inert with 22.6 At the end of the test period, open the panel and inspect
respect to the heat-transfer fluid. for indications of deterioration, including general corrosion,
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any form of localized corrosion, erosion, or other physical24. Precision and Bias
changes of the containment material. Report the presence and

nature of any deposits. 24.1 This procedure is specific to panel and collector design

and construction, the schedule of operation, and the location of
23. Report testing. The test is used for the evaluation of stainless steel
éaanels but the repeatability and reproducibility of the test are

23.1 In addition to the requirements of Section 8, report th ot vet established. Therefore. the precision and bias are
dimensions and configurations of the test panel, along with thﬁnkn{)wn ' ’ P
method of assembly. Include a description of the collector '

design and construction, including all materials. Identify the
materials of the tank, pump, and piping, and describe th@S' Keywords

methods and materials of connection. Specify the test location 25.1 corrosion; field exposure; heat transfer fluids; immer-
and provide information on the solar conditions during testingsion metallic containment materials; solar heating and cooling
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