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INTERNATIONAL

Standard Specification for
Welded Copper Heat Exchanger Tubes With Internal
Enhancement *

This standard is issued under the fixed designation B 919; 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 epsilone] indicates an editorial change since the last revision or reapproval.

1. Scope E 53 Test Methods for Determination of Copper in Unal-

1.1 This specification establishes the requirements for _loyed Copper by Gravimetfy _
welded, internally enhanced copper tube, in straight lengths or E 62 Test Methods for Chemical Analysis of Copper and
coils, suitable for use in refrigeration and air conditioning _Copper Alloys (Photometric Methods) N
products or other heat exchangers. E 112 Test Methods for Determining Average Grain Slze_

1.2 Units—The values stated in inch-pound units are to be E 243 Practice for Electromagnetic (Eddy-Current) Exami-
regarded as standard. The values given in parentheses are Nation of Copper and Copper-Alloy Tules
mathematical conversions to Sl units, which are provided for E 255 Practice for Sampling Copper and Copper Alloys for
information only and are not considered standard. the Determination of Chemical Composition

1.3 The product shall be produced of the following coppers

Unless otherwise specified, tubes made from any one of these Terminology o
coppers may be supplied: 3.1 For the definition of terms related to copper and copper

alloys refer to Terminology B 846.
3.2 Definitions:
€10200 Oxygen-free without residual deoxidants 3.2.1 bottom wal] n—the wall thickness measured from the
12200 Phosphorized, high residual phosphorus (DHP) base of the enhancement to the outside surface.
1.4 The following pertains to the test method described in 3.2.2 coil, n—a length of the product wound into a series of
18.4 of this specificationThis standard does not purport to connected turns.
address all of the safety concerns, if any, associated with its 3.2.3 enhancementh—a geometrical feature intentionally
use. It is the responsibility of the user of this standard toformed on a tube I.D. surface to improve heat transfer.
establish appropriate safety and health practices and deter- 3.2.4 level woundadj—a type of coil in which the turns are
mine the applicability of regulatory requirements prior to use.wound into layers parallel to the axis of the coil such that
successive turns in a given layer are next to one another.

Copper UNS No. Type of Metal

2. Referenced Documents 3.3 Definitions of Terms Specific to This Standard:

2.1 ASTM Standards: 3.3.1 roundness tolerangen—the roundness tolerance is

B 153 Test Method for Expansion (Pin Test) of Copper anddefined as the maximum OD at a point minus the minimum
Copper-Alloy Pipe and Tubirfg OD, at the same plane of intersection of the tube, divided by

B 577 Test Methods for Detection of Cuprous Oxide (Hy-the specified ODx 100 %.
drogen Embrittlement Susceptibility) in Copper 3.3.2 squareness of cut—the maximum deviation of one

B 601 Classification for Temper Designations for Copperside of a cross section from the opposite side, when measured
and Copper Alloys—Wrought and Cést against the projected perpendicularity of the plane of the

B 846 Terminology for Copper and Copper AllGys projected center of the tube at the ends.

E 3 Practice for Preparation of Metallographic Specimens o
E 8 Test Methods for Tension Testing of Metallic Materfals 4- Classification
E 29 Practice for Using Significant Digits in Test Data to 4.1 The following types of welded tube are manufactured
Determine Conformance with Specificatiéns under the scope of this specification:
4.1.1 As-Welded-Welded tube without subsequent heat
treatment or cold work.
™ This specification is under the jurisdiction of ASTM Committee BO5 on Copper ~ 4.1.2 Welded Tube, Subsequently Annealétlelded tube

and Copper Alloys and is the direct responsibility of Subcommittee B05.04 on Pipggnnealed to produce a uniform grain size appropriate to the
and Tube.
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specified annealed temper. TABLE 1 Chemical Requirements
i . UNS Alloy Number Copper, wt % Phosphorus, wt %
5. Ordering Information 10200~ 99.95 min
5.1 Include the following information when placing orders C12200 99.9 min 0.015 - 0.040
for product under this specification: AOxygen in C10200 shall be 10 ppm max.
5.1.1 ASTM designation number and year of issue,
5.1.2 Copper UNS No., 8. Temper

5-1.3 Tube type (Section 4), 8.1 Tempers, as defined in Classification B 601, of the

5.1.4 Temper (Section 8), various tube types are as follows:
5.1.5 Length, diameter, bottom-wall thickness, and en- 811 As-Welded

hancement dimensions. Configuration of the enhanced surface . .
shall be as agreed upon between the manufacturer, or supplitlglrs'l'l'1 Annlealedkgtnp WM50|’ subsequently internally en-
and purchaser, anced by cold working and welded.

>-1.6 How furnished: straight or colls, gig \{Vi?]?]isgg étr;ineaidr?tgrnall enhanced by cold work-
5.1.7 Quantity, Ll P, y y

5.1.8 Cuprous oxide test, if required (12.3 and 16.1.4), |ng8, l/vglgez and ls%ft T!”e‘?"fd WI?60’ ind db Id K
5.1.9 Certification, when required (Section 22), and Lo id dnnedalg hts np, ml e&”&,&g” anced by cold work-
5.1.10 Mill test report, if required (Section 23). INg, welded and fight anheale '
) Note 1—By agreement with the purchaser and manufacturer, product
6. Materials and Manufacture in special tempers may be supplied with properties as agreed upon
6.1 Material: between the purchaser and the manufacturer.

6.1.1 The material of manufacture shall be sheet or strip, 0
the required alloy, and may be either cold worked or annealed. )
6.1.2 The material shall be of such purity and soundness as 9-1 Samples of annealed temper tubes shall be examined at

to be suitable for processing into the product prescribed hereid Magnification of 75 diameters. The grain size shall be
6.2 Manufacture determined in the wall beneath the internal enhancement. The

6.2.1 The welded tube shall be manufactured from eithefMicrostructure shall show complete recrystallization and shall

cold rolled or annealed sheet or strip. The sheet or strip shall HAV€ an average grain size within the limits specified in Table
formed into a tubular shape on a suitable forming mill. . . .
6.2.2 Welding shall be accomplished by any process that 9.2_Th_e surface of the_test specimen for_the_m|crosc_op|cal
produces forge or fusion welds leaving no crevice visible to théxamination shall approximate a radial longitudinal section of
unaided eye in the weld seam. the tube.
6.2.2.1 Forge—WeIdgd TubeThe edges of the strip shall 145 Mechanical Properties
be heated to the required welding temperature, usually by a
high frequency electric current, and be pressed firmly together 19-1 WM (as-welded) and WO (annealed) temper shall

causing a forged-type joint to be formed with internal andcom‘orm to the mechanical properties as specified in Table 2.
external flash. 10.2 If disagreement arises between the grain size require-

6.2.2.2 Fusion—Welded TubeThe edges of the tube shall ment and the mechanical property requirements for annealed

be brought together and welded, usually by a GTAW We|dingtempers, the mechanical property requirements take precedent.

process, without the addition of filler metal, causing a fusion-11 performance Requirements

type joint to be formed with no internal or external flash. . .
6.2.2.3 Flash Removal-The external flash of forge welded 11.1 Expansion Requirements .

tubes, if present, shall be removed by scarfing. The internal 11.1.1 The annealed material shall be capable of being

flash shall be treated by one of the following techniqués: ( expandgd "]1 ﬁccorde.lgc%.with Te_st rl:/lefthl?d .B 153 with an.
IFl—internal flash to remain in the as-welded conditiop) ( €*XPansion of the outside diameter in the following percentage:

. Grain Size for Annealed Tempers

IFR—internal flash to be removed by scarfing, aBpIFD— O“‘S‘i‘r’]e(%‘;';ete" EXPaS;iOm“egr?;tSide
internal flash displaced by rolling or drawing. ' ’

6.2.3 The internal enhancement shall be produced by cold 0.750 in. (19.0) and under 30
forming. Over 0.750 in. (19.0) 20

6.2.4 The longitudinal seam from welding shall be free of
filler metal. TABLE 2 Mechanical Property Requirements of As-Fabricated

and Annealed Tube

7. Chemical Composition Elongation in
. . . Average Grain Tensile Strength, Yield Strength, )
7.1 The material sh.a_ll cqnform to the requirements in Table Temper g 0"y ksi* (Mpa) ksi® (Mpa) 2 '”-ngalo/:“m)v
1 for the copper specified in the contract or purchase order.

i Fni P WM 30 min (205 min)
7.2 These compositional limits do not preclude th(_e poss_lbl_e WOB0  0040min. 30 min (208 min) 6 (40) min 2
presence of other unnamed elements. When required, limitSyoso  0.040 max 30 min (205 min) 9-15 (60 - 105) 35
and analysis for unnamed elements shall be established By 7500 psi
agreement between the manufacturer and the purchaser. BYield strength to be determined at 0.5 % extension under load.
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11.1.2 The expanded tube shall show no cracking or rupture 12.3 Cuprous Oxide Requirement

visible to the unaided eye. 12.3.1 Product manufactured from Copper UNS Alloy
h . C10200 shall be significantly free of cuprous oxide as deter-
12. Other Requirements mined by Procedure A of Test Methods B 577.

12.1 Nondestructive Examination for Defects

12.1.1 Each tube shall be subjected to an eddy-current test3. Dimensions, Mass, and Permissible Variations
Tubes shall normally be tested in the fabricated temper;
however, they may be tested in the annealed temper at th

option of the manufacturer. . . .
: 13.2 Tolerances on a given tube are permitted to be speci-
12.1.2 Electromagnetic (Eddy-Current) Test ... . fied with respect to any two but not all three of the following:

12'.1'2'1 The testing shall foIIc_>w the procedures specified "utside diameter, inside diameter, and bottom-wall thickness.
Practice E 243. Unless otherwise agreed upon between the13 3 For the purooses of determining conformance with the
manufacturer, or supplier, and the purchaser, the manufactur%r: ' purp ining Wi

13.1 The standard method for specifying tube diameters and
alls shall be decimal fractions of an inch.

shall have the option of calibrating the test equipment usin Imensional requirements in this specification, any measured

either notches or drilled holes. Notch depth standards rounde Iu”ebout3|de t?e sp('emftl.ed limiting values for any dimension
to the nearest 0.001 in. (0.025 mm) shall be 22 % of the '@ DE Cause for rejection.

nominal, bottom-wall thickness. Drilled hole standards shall be 13-4 Bottom-Wall Thickness Tolerances

0.025-in. (0.635-mm) diameter for tubes up to and including 13-4.1 Bottom-wall thickness tolerances shall conform to

¥-in. (19.05-mm) specified diameter and 0.031-in. (0.785he tolerances listed in Table 3 (See Fig. 1).
mm) diameter for tubes ove¥s-in. (19.05-mm) specified 13.4.2 The wall thickness tolerances, listed in Table 3 for

diameter. tube furnished IFI, shall not apply to that portion of the tube

12.1.2.2 Tubes that do not actuate the signaling device owall that contains the interior flash and weld upset.
the eddy_'cu”ent teSte_r shall be considered in conformance tONOTE 2—The weld thickness shall not exceed the summation of the
the requirements of this test. bottom- wall thickness and the enhancement height.

12.1.2.3 Tubes, rejected for irrelevant signals because of
moisture, soil, and or minor, mechanical damage, shall, at th . ;
option of the manufacturer, be reconditioned and retested. ?OO % for tube furn[shed IFR and IFD for the portion of the

12.1.2.4 Tubes that are reconditioned and retested (séﬂbe waII_ that contains the weld zone.
12.1.2.3) shall be considered to conform to the requirements of 13-5 Diameter Tolerances _
this specification, if they do not cause output signals beyond 13.5.1 The average diameter tolerances in Table 4 shall
the acceptable limits. apply to both coils and straight lengths of product:

12.1.2.5 Unless otherwise specified, eddy-current disconti- 13.5.2 For product furnished IFI, IFD, or IFR, the inside
nuities will be identified on coils in excess of 200 ft. (6096 cm) diameter shall not be taken so as to include the flash or
in length for subsequent removal by the purchaser. flash-treated areas.

12.1.2.6 When required, the customer shall specify the 13.6 Lengths
permissible number of identified eddy-current discontinuities. 13.6.1 For coil lengths, see Table 5 of this specification. If

13.4.3 The tolerances of Table 3 shall be increased by

12.2 Cleanness Requirements coils are produced to a specified nominal weight, no coil shall
12.2.1 The tube shall be capable of meeting the followingweigh less than 40 % of the nominal weight, and no more than
cleanness requirement: 20 % of the coils in a lot shall weigh less than 65 % of nominal

12.2.1.1 The inside of the tube with closed ends shall baveight unless otherwise agreed upon between the manufac-
sufficiently clean so that when tested in accordance with théurer, or supplier, and purchaser.
method given in 18.4, the residue remaining upon evaporation 13.6.2 The tolerances for tubes furnished in straight lengths
of the solvent shall not exceed 0.0035 §/0.038 g/nf) of  shall be in accordance with Table 6.
interior surface.

12.2.1.2 The term *“capable of” in the context of this

requirement shall mean that the testing and reporting of TABLE 3 Bottom-Wall Tolerance

individual lots need not be performed by the producer of the Tolerance (Plus and Minus)
product, if capability of the manufacturing process to meet this Bottom-wall Thickness, Outside Diameter, in. (mm)
requirement has previously been established. However, should in. (mm) 0.125 to 0.625 Over 0.625 to 1.000
subsequent testing by either the producer or purchaser establish (8 t0 16), incl (16 to 25), incl
that the product does not meet this requirement, the produ¢p t© 0.017 (0.43), incl. 0.001(0.025) 0.0015 (0.038)

shall be subject to either rejection, or recall or both. See 18.8'5 5% o.01) e 0002 (0.050) 0002 (0.050)

for the test method.
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FIG. 1 Bottom-Wall Thickness Tolerances

TABLE 4 Average Diameter Tolerances TABLE 7 Straightness Tolerance
Specified Diameter, Tolerance, Plus and Minus, Length Maximum Curvature
in. (mm) in. (mm) it (?n)’ (Depth of Arc),
0.125 to 0.625 (3 to 16), incl 0.002 (0.050) in. (mm)
Over 0.625 to 1.000 (16 to 25), incl 0.0025 (0.063) Over 3 (0.914) to 6 (1.83), incl. 0.188in. (4.8)
Over 6 (1.83) to 8 (2.44), incl. 0.313in. (7.9)
Over 8 (2.44) to 10 (3.05), incl. 0.500 in. (13)
. . Over 10 (3.05) 0.500 in. (13) in any
TABLE 5 Coil Length Tolerances (Specific Lengths) 10 ft (3.05 m) section
Tube ) Shortest Maximum
Outside Nominal Permissible Permissible Tolerance . . . . .
Diameter, Lfetn(g:? Length, % of ~Weight of Ends, Alflt E’:)s, a nature that do not interfere with the intended application are
in. (mm) Nominal Length % of Lot Weight acceptable.
All sizes up to 100 (30.5), incl. 100 0 1(0.3) 15 Sampling
All sizes  over 100 (30.5) 40 20 ’

15.1 The lot size and portion size of the finished product
shall be as follows:
TABLE 6 Length Tolerances for Straight Lengths 15.1.1 Lot Size—An inspection lot shall be 10 000 Ib (4540
Note—Tolerances are all plus; if all minus tolerances are desired, usgg) or fracuon ther(_aOf’ SUbJeCt_ to inspection at one time.
the same values; if tolerances of plus and minus are desired, halve the 15.1.2 Portion Size—A portion shall be taken for test

values given. purposes from each lot according to the following schedule:
Tolerance Number of Tubes in Lot Number of Pieces to be Taken
Length . '
in. (mm)
- X - 1to 50 1
Up to 6 in (152 mm), incl. 0.063 in. (1.6) 51 to 200 2
Over 6 in. (152 mm) to 2 ft. (610 mm), incl. 0.063 in. (1.6) 201 to 1500 3
Over 2 ft (610 mm) to 6 ft (1.83 m), incl. 0.094 in. (2.38) Over 1500 0.2 % of the total number of pieces in
Over 6 ft (1.83 m) to 14 ft (4.27 m) 0.250 in. (6.3) the lot, but not to exceed ten pieces
Over 14 ft (4.27 m) 0.500 in. (12.7)

15.2 Chemical Analysis

15.2.1 Sampling for chemical analysis by the manufacturer
13.7 Roundness shall be performed by one of the following methods:

13.7.1 The roundness tolerance for material in straight 15-2.1.1 The sample shall be taken in approximately equal

lengths shall be 1.5 % of the OD expressed to the nearest 0.084€ight from each portion piece selected in 15.1.2 and in
in. (0.025 mm). accordance with Practice E 255. The minimum weight of the
13.7.2 The roundness tolerance for material in coils shall b&omMposite sample shall be 150 g.

6.5 % of the OD expressed to the nearest 0.001 in. (0.025 mmE 15.2.1.2 Instead of sampling in accordance with Practice
13.8 Squareness of Cut 255, the manufacturer shall have the option of determining

13.8.1 For tube in straight lengths, the departure fromfOMPosition by analyzing samples taken at the time castings

squareness of the end of any tube shall not exceed th@€ Poured or taken from semifinished product. When the
manufacturer determines chemical composition during the

following: ‘ T :
Specified Outside Diameter, in. (mim) Tolerance rcg;;isrz (;)f manufacture, sampling of the finished product is not
Up to 0.625 (15.9 mm), incl. 0.010 in. (0.25 mm) 15.2.1.3 In case of compositional dispute, the sample shall
Over 0.625 (15.9 mm) 0.016 in./in. (0.406 mm/mm) be taken in accordance with 15.2.1.1.
13.9 Straightness 15.2.2 The number of samples taken for determining com-
13.9.1 For tubes in any as-welded temper, the straightnegsosition shall be as follows:

tolerance shall be in accordance with Table 7. 15.2.2.1 When samples are taken at the time the castings are

) o poured, at least two samples shall be taken for each group of
14. Workmanship, Finish and Appearance castings poured simultaneously from the same source of

14.1 The product shall be free of defects, but blemishes ofmolten metal.
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15.2.2.2 When samples are taken from the semifinishe@pecimens for Pipe and Tube in Test Methods E 8.
product, a sample shall be taken to represent each 10 000 I1b17.3.2 Because some internal enhancement configurations
(4540 kg) or fraction thereof, except that not more than onemay cause breakage of the specimen in the grips, specimen
sample per piece is required. ends may be flattened and tested using wedge or sheet metal
15.3 Other Tests grips.
15.3.1 Specimens for all other tests shall be taken from two 17.4 Electromagnetic (Eddy-Current) Test
of the sample pieces taken in 15.1.2 and be of a convenient size17.4.1 Specimen preparation shall be in accordance with
to accommodate the test(s) and comply with the requirementBractice E 243.

of the product specification and test method(s). 17.5 Cleanness Test
15.3.2 In the event only one sample piece is required, all 17.5.1 A section of a straight tube specimen, or a straight-
specimens shall be taken from the piece selected. ened tube specimen from the outside end of a coil, not less than

15.3.3 In the case of tube furnished in coils, a length5 ft. (1.5 m) shall be selected.
sufficient for all necessary tests shall be cut from each coil 17.6 Cuprous Oxide Requirement
selected for purpose of testing. The remaining portion of these 17.6.1 Sample preparation shall be in accordance with Test
coils shall be included in the shipment, and the permissibldiethods B 577.
variations in length on such coils shall be waived.
18. Test Methods
18.1 In the case of disagreement, the properties enumerated

16.1 Tests . _ - in this specification shall be determined in accordance with the
16.1.1 Chemical Analysis-Chemical composition shall be ASTM International test methods listed in Table 8.

determined as the per element mean of results from at least two 18.2 Tension Tests

replicate analyses of the sample(s), and the results of each18.2.1 Tensile specimens shall normally be tested as shown
replication must meet the requirements of Table 1 for then Fig. 11 of Test Methods E 8. Tension test specimens shall be
specified copper. of the full section of the tube unless the limitations of the

16.1.2 Grain Size—The average grain size of each speci-testing machine precludes the use of such specimen. Determi-
men shall be the arithmetic average of at least three differefiation of cross-sectional area shall be determined by using the
fields. weight of the tube as described in Test Methods E 8.

16.1.3 Mechanical Properties-Mechanical properties shall ~ 18.2.2 Whenever different tension test results are obtained
be reported as individual test results from each of two pieceﬁom both full-size and from machined test Specimensl the
selected in 15.1.2, and each specimen must meet the requifigrsults obtained from full-size test specimens shall be used to
ments of the product specification. determine conformance to the requirements of this specifica-

16.1.4 Cuprous Oxide Requirement tion.

16.1.4.1 When specified, one test of each sample selected in18.2.3 Tension test results on product within the scope of
15.1.2 shall be performed and each specimen must meet thigis specification are not seriously affected by variations in

16. Number of Tests and Retests

requirement in 12.3. speed of testing. A considerable range of testing speed is
16.1.5 When only one piece is to be sampled, all specimengermissible; however, the rate of stressing to the yield strength

shall be taken from the piece selected. shall not exceed 100 ksi/min (690 MPa/min). Above the yield
16.2 Retests strength, the movement per minute of the testing-machine head

16.2.1 When requested by the manufacturer or supplier, @nder load should not exceed 0.5 in./in. (0.5 mm/mm) of gage
retest shall be performed when results of tests obtained by thength (or distance between grips for full-section specimens).
purchaser fail to conform to the requirements of the product 18.3 Grain Size—In case of dispute, the intercept method
specification. shall be followed.

16.2.2 The retest shall be as directed in the product speci- 18.4 Cleanness Test
fication for the initial test, except the number of test specimens 18.4.1 One end of the tube specimen, selected per 17.5 shall
shall be twice that normally required for the specified test. pe closed and the tube specimen shall be filled with solvent to

16.2.3 All test specimens shall conform to the productone-eighth of capacity. The opposite end shall be sealed and the
specification requirement(s) in retest. Failure to conform shaljube shall be rolled back and forth on horizontal supports to

be cause for rejection. thoroughly wash the inside surface. The seal shall be removed
17. Specimen Preparation
17.1 Chemical Analysis TABLE 8 Methods of Test
17.1.1 Preparation of the analytical test specimen shall be Test ASTM Designation
the responsibility of the reporting laboratory. Cuprous oxide requirement B 577, Method C
17.2 Grain Size gension 5212
17.2.1 Test specimen shall be prepared in accordance with  £,50.560 (in resy b lca
Practice E 3. Eddy current E 243
17.3 Tensile Test Chemical analysis
17.3.1 The test specimen shall be of the full section of the Sﬁgg’g;oms £

tube and shall conform to the requirements of the section titled
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and the solvent shall be poured into a suitable weighed2l. Rejection and Rehearing
container. The solvent in the container shall be evaporated t0 21 1 Rejection

dryness on a low-temperature hot plate or sand bath. Overheat-31 1.1 Material that fails to conform to the requirements of

ing of the container shall be avoided to prevent charring of thenis specification when inspected or tested by the purchaser or
residue. The container shall then be dried in an oven at 100 tgjs agent may be rejected.

110°C for 10 min, cooled in a desiccator, and weighed. Ablank 21 1 2 Rejection shall be reported to the manufacturer or
determination shall be run on the determined quantity okypplier promptly.
solvent and the gain in weight for the blank shall be subtracted 27 1.3 |n case of dissatisfaction with results of the test upon
from the weight of the residue sample. The corrected weighjyhich rejection is based, the manufacturer, or supplier, may
shall then be calculated in grams of residue per internal area ¢fiake claim for a rehearing.
the tube in square feet (gfin 21.2 Rehearing

118.4.2 The quantity of the solvent used will vary with the 21 2 1 As a result of product rejection, the manufacturer, or
size of the tube being examined. The quantity of solvent usedypplier, may make claim for a retest to be conducted by the
for the bla_nk run shall be the same as that discharged from tr\%anufacturer, or supplier, and the purchaser. Samples of the
tube specimen. ) rejected product shall be taken in accordance with the product

18.4.3 The specimen must be prepared in such a manner ggecification and subjected to test by both parties using the test

to prevent the |nclu3|o_n in the residue of copper chips or dUSFnethod(s) specified in the product specification or upon
resulting form the cutting of the sample. agreement of both parties, an independent laboratory may be

19. Significance of Numerical Limits selected for the test(s) using the test method(s) specified in the
' _product specification.

19.1 For purpose of determining compliance with the speci-
fied limits for requirements of the properties listed in Table 9,22 Certification
an observed or calculated value shall be rounded as indicated

in accordance with the rounding method of Practice E 29. 22.1 When specified in the contract or purchase order, the

purchaser shall be furnished certification that samples repre-
20. Inspection senting each lot have been either tested or inspected as directed

20.1 The manufacturer shall inspect and make the necessa'rri/thIS specification, and the requirements have been met.

tes_ts to ver!fy that the tubes furnished conform to the specifi23_ Mill Test Report

cation requirements. o
20.2 If, in addition, the purchaser elects to perform his, or 23-1 When specified in the contract or purchase order, a

her, own inspection, the manufacturer shall afford the inspectdiePOrt of test results shall be furnished.

all reasonable facilities without charge to satisfy the purchase

that the tubes are being furnished in accordance with thi 4. Packaging and Package Marking

specification. 24.1 The material shall be separated by size, composition,
and temper and prepared for shipment in such a manner as to
TABLE 9 Rounding Units insure acceptance by common carrier for transportation.
ounded Unit for Observed 24.2 Each shipping unit shall be legibly marked with the
Property or Calculated Value purchase order number, metal or alloy designation, temper,
Chemical composition Nearest unit in the last size, gross and net weight, total length or piece count, or both,
and hardness rifgm—hangcﬁ)flizzelgizigures and name of supplier. The specification number shall be shown
Tensile strength Neoares? E'S)I (nearest 5 Mpa) when speC|f|ed.
Expansion Nearest 1 %
Grain size 25. Keywords
P e e i Noarest multile of 0.005 mm 25.1 coils; copper tubes; C10200; C12200; heat exchanger;

internally enhanced; straight lengths; tube; welded
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APPENDIX
(Nonmandatory Information)

X1. METRIC EQUIVALENTS

X1.1 The Sl unit for strength is shown in accordance withThe derived Sl unit for pressure or stress is the Newton per
the International System of Units (SI). The derived Sl unit forsquare metre (N/R), which has been named the Pascal (Pa) by
force is the Newton (N), which is defined as the force thatthe General Conference on Weights and Measures. Since 1
when applied to a body having a mass of one kilogram gives iksi = 6 894 757 Pa, the metric equivalents are expressed as
an acceleration of one metre per second squared (N = Kg:m/smegapascals (Mpa), which is the same as MNamd N/mn?.

ASTM International takes no position respecting the validity of any patent rights asserted in connection with any item mentioned
in this standard. Users of this standard are expressly advised that determination of the validity of any such patent rights, and the risk
of infringement of such rights, are entirely their own responsibility.

This standard is subject to revision at any time by the responsible technical committee and must be reviewed every five years and
if not revised, either reapproved or withdrawn. Your comments are invited either for revision of this standard or for additional standards
and should be addressed to ASTM International Headquarters. Your comments will receive careful consideration at a meeting of the
responsible technical committee, which you may attend. If you feel that your comments have not received a fair hearing you should
make your views known to the ASTM Committee on Standards, at the address shown below.

This standard is copyrighted by ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959,
United States. Individual reprints (single or multiple copies) of this standard may be obtained by contacting ASTM at the above
address or at 610-832-9585 (phone), 610-832-9555 (fax), or service@astm.org (e-mail); or through the ASTM website
(www.astm.org).



