Working with Copper Tubing
by George Kekenes

Repurposing an A/C compressor as a vacuum pump is an inexpensive way to do small vacuum bagging projects.
Adapting the compressor lines to a fitting you can use for whatever purpose you need the pump for can be a
problem if you don't have experience in copper tubing. This article explains how to adapt copper tubing to pipe

threads. To get started | have outlined the different types of copper tubing you'll encounter.

Common wall-thicknesses of copper tubing for the purpose of modifying compressor connections are "Type K",
"Type L", "Type M" and "ACR". The different types are color coded, usually with a stripe, and will have markings
every 18". Copper tubing is made in both "hard" and "soft" formulations, the soft can be bent in a wide radius with

benders and in some cases by hand. The hard type must use fittings.

Type
Type K
Type L
Type M
ACR

Color
Green
Blue
Red
Blue

Formulations
Hard in straight lengths and soft in coils
Hard in straight lengths and soft in coils

Hard in straight lengths

Hard in straight lengths and soft in coils

Here are some charts that come in very handy when adapting copper tubing, they give the inside and out
diameter of the different types of tubing.

Color Commercially Available Lengtrts2
Tube Type| Code | Standard Application® Mominal or Standard Sizes | Drawn Annealed
Domestic Water RUDAEY 1M :
Service and Distribution 'fe-inch to B-inch 201 20 ft
Fire Protection, 10-inch 181t 18 ft
Salar, 124nch 12 1t 12
Typek | Green | astmpggt | Fueifuel O COILS:
Snow Melting, — 60 fi
Eumplessedgﬂ.il. "f-inch to 1-inch — 100 n
Natural Gas, Liguified I =
Petroleum (LP) Gas, 1'#+ inch and 1'f-inch — 60 fi
Vacuum 2.inch —_ 40 fi
— 45 fi
Domestic Water STRAIGHT LENGTHS:
Service and Distribution, "f=-inch to 10-inch 201 20 fi
;Tﬂf'”‘em'"”- 12-inch 18 1t 18t
TYPEL | Blue | AsTmpss | FuelFuel Oil IS
Natural Gas, Liguified . ) — B0 fi
Petroleum (LP) Gas #inch to 1-inch
HUALD d — 100 #
Snow Melting, 1% inch and 1'f-inch - 60 ft
Compressed Air, 9inch — 40 ft
Vacuum -inc — 15t
Domestic Water ST L :
Service and Distribution,
Fire Protection,
TYPEM | Red | ASTMBa8 Eﬁé:{ml oi Yfinch to 12-inch 01t A
Hvac,
snow Melting,
Vacuum
Drain, Waste, Vent, STRAIGHT LENGTHS:
B Yolow | ASTMIBX6 | HVAC, 1"fvinch to 8-inch 201 WA
Air Conditioning, STRAIGHT LENGTHS:
Refrigeration, “rinch to 4Ywinch | 201 L
ACR Blue ASTM B280 | Matural Gas, Liguified
Petroleum (LP) Gas, | COILS:
Compressed Air Ya-inch to 1%e-inch ‘ — 50 it
0XY, MED, STRAIGHT LENGTHS:
OXY/MED, |(K)Green Medical Gas _ )
OXVIACR, | (L)pive | P57V 5819 | Comeressed Medical A | vz inch to 8-inch 201t WA
ACR/MED




TABLE 2a. Dimensions and Physical Characteristics of Copper Tube: TYPE K

S Naminal Dimensions, inches [ Calculated Values (based on nominal dimensions)
ar | Weight Contents of Tube
Standard : 2 Cross Sectional
i | S | ol | o, [T s st e
i perineart | perineartt Cuft Gal
i 375 305 035 073 145 77 00051 00379
W 500 A2 049 127 769 374 00088 JD0BED
th 625 527 049 218 34 438 00151 0113
Y, 750 [TH 040 334 418 562 00232 0174
e B75 745 065 436 £41 EZD 00303 0227
1 1125 05 065 776 B30 118 00540 0404
1% 1.375 1.245 065 1.22 1.4 1.57 00847 0634
1% 1,625 1.431 072 1.72 1.38 2.10 0119 0894
2 7125 1.959 083 201 206 336 JiFT] 156
1 2625 2.435 095 4 BE 29 484 0324 243
3 3.125 2.907 108 b.64 4.00 6.67 0461 345
I 3628 3.385 120 8,00 5.12 .01 0625 468
F 4125 3.857 134 1.7 B.51 116 0813 i
E 512k 4.805 160 181 967 17.5 126 340
6 6.125 5741 102 25.0 13.9 25.1 180 1.35
8 B.125 7.583 271 45,2 259 45.4 314 7.35
10 10.125 9449 338 70.1 403 706 487 3.64
12 12125 11.315 405 100.55 57.8 10 70 5.25

TABLE 2b. Dimensions and Physical Characteristics ol Copper Tube: TYPE L

it Nominal Dimensions, inches CEEL‘lTEdWUBSI:UH_BﬁDHMTHMHﬁHE s}
Stndard | Qutside Inside A g el of Tube Doy, Lot e e, "“'T.‘:"Fmﬂ.“
 inches Diameder Diameter Thickness sq inches pﬁmlmrr?u wmrqu. Cuft Gl
e 315 315 030 078 1% 160 00054 00405
W 500 430 035 145 198 261 00101 00753
f 525 545 040 733 285 385 00162 0121
W 750 666 042 348 362 508 00232 0174
i, 875 785 045 484 455 664 00336 0251
- KPS 1025 50 25 555 Ton 00573 479
. 1.375 1265 055 1.06 884 1.43 00875 0655
% 1,625 1505 060 1.78 1.14 1.81 0124 0925
2105 1085 70 300 175 3.00 0215 61
T 2625 2465 080 ¥l 2.48 454 0331 248
3 3125 2045 090 BBl 333 627 0473 354
3% 35625 3425 100 921 429 827 0640 478
2 FRFS 3905 110 120 536 10 0764 571
5 5125 4875 125 187 761 157 130 o7
5 6125 5845 140 268 102 218 186 139
8 8125 7125 500 60 193 TE % 744
10 10.125 8625 250 28 301 516 506 3.78
12 12.125 11565 280 105 404 858 729 545




TABLE 2c. Dimansions and Physical Characteristics of Copper Tube: TYPE M

Homiral Dimensions, Inches i Calculaied Values (based on nominal dimensins) |
Nominal Toes Wagr
Sundarg | Outside Inside wal Sectional | of Tube Only, . i L
Siw, inches | Diametsr | Dismeter | Thickness | AnaofBore, |  pounds pounds
ﬂ%_ perfinear i | perfinearfi Cuft Gal
A 500 50 0% K 135 214 00110 00826 _|
' 625 560 028 254 204 14 076 132
s 875 A1 032 517 28 551 0035 0269
1 1125 1055 035 874 465 843 00607 M5
1'% 1.375 1.2 42 1.31 B2 1.25 00210 0681
|1t 1,625 1.527 45 183 340 1.73 0127 0451
F 2125 003 058 317 4% 263 0220 165
7 2625 495 065 459 2.00 414 0340 254
3 3.125 2881 2 5.08 258 570 0485 363
3 1625 3459 083 240 358 164 L0653 A58
r 4125 3.835 085 122 4,66 983 0847 634
5 5125 4.907 i) 18.9 B.56 148 131 982
5125 5.581 122 21.2 B.52 207 189 L4
B125 7185 170 a7k 165 31 331 247
1 10.125 9701 212 739 756 575 513 384
12 12.125 11617 254 106 3.7 825 138 5,51

TABLE 2e. Dimensions and Physical Characleristics of Copper Tube: ACR (Air-Conditioning and Relrigeration Field Service)

(A= Annealed Temper, D=Drawn Temper}

Mominal oF Nominal Dimensions. inches Calcutated Values (based on nominal dimensions)
Gtandard Lross Extemal Irdeenal Weight Contents
Size, Outside Inside Wil Sectional Surface, Surface, | of Tuba Only, Tube,
inches Diarmatar Diarnater Thickness | Anea of Bore, sqft sqft pounds cuft
i 5q inches parlinearft | perfnearft | perfnearft | perlinearft
WOl A .125 D65 030 00332 0327 AT 0347 00002
e | A 187 124 03 [F] 0452 (0335 0575 00009
P 250 190 030 0284 0655 a7 04 00020
Yo | A 312 248 033 0483 0817 D549 10d 00034
g A 378 in 032 075 0982 0814 134 00053 |
1] 375 35 030 ] 0382 [iCH] 126 00054
w A 500 436 032 149 131 14 182 00103
D 500 430 035 145 131 13 198 00101
y, A 625 §55 035 242 164 145 251 00168 |
1] 625 545 040 233 164 143 285 00162
A 750 GBO 035 353 196 T8 305 00252
Wl A 750 (66 042 48 196 A74 352 00242
[i] 750 b6 042 348 196 AT4 382 o242
w A A75 785 045 A84 229 206 A55 00336
1] 875 185 045 a4 229 206 A55 00336
P 1.125 1.025 050 825 294 268 655 00573
1] 1.125 1.025 050 825 294 268 655 00573
P ) 1.375 1.265 055 1.26 360 331 Ba4 .D0B7S
1] 1.375 1.265 055 1.26 360 31 B34 00875
e LA 1.625 1.505 DED 178 435 394 1.14 0124
[1] 1.625 505 060 1.78 425 94 114 0124
(7% | O 2125 a5 070 309 655 520 178 0215
Za | D 2625 2,485 080 477 587 545 2.48 033
3h | D 3.125 2845 090 6.81 818 JN 333 AT
ETEN] 3625 3.425 100 [ 548 gar 429 0640
4% 0 4.125 3.905 110 12.0 1.08 1.02 538 0833




Making Connections

The connections to adapt on the A/C compressor you are converting to vacuum pump will be ACR. You will need
NPT (pipe thread) to connect to vacuum bagging/press components. There are several ways to make the
conversions, but first let's look at the common ways copper tubing is connected.

Solder or brazed joints which are strong permanent joints that require a torch and a filler metal.
Solder/brazed joints provide the most choices in size, angle, length, placement, and type of tubing. These
joints are permanent and require an acetylene, oxy acetylene or map gas torch along with the proper
solder or filler metal for the type of tubing and pressure requirements needed. They are also inexpensive
to make, once you have the torch and solder/filler you can make joints for pennies a piece depending on
size and complexity.

Flare fittings are strong and can be easily disconnected if needed. Flare fitting joints are more labor
intensive in so much as each side of the tubing in the joint needs to be placed in a flaring tool and formed
to the proper shape to attach to the fitting end with a lock nut. They are very strong and also able to be
disconnected and reconnected easily. The fittings will cost from 5 to 7 dollars for small, simple ones. They
are reusable and are readily available in many configurations.

Socket or groove fittings incorporate a gasket to seal the connection. These joints are the least labor
intensive and require no special tools to use. They are also weaker than the other types, not as readily
available, and can be significantly more expensive to buy.

To demonstrate | went around my shop and took 4 pieces of copper tubing scraps | found and joined them
together and converted to NPT.

3/8” ACR into 1/2” Type L Pinch edge of large tubing to fit

Image 1 Image 2

3/8 Type-ACR easily slides into 1/2 Type-L copper. The pinched edge of the larger tube fits around the

smaller tube.



Solder the joints

L_. \ N _/
Image 3
The joints are silver soldered with a propane torch.

Flaring the tubing end
Preparing to flare

Images 4 &5
Use a flaring tool to flare both ends.
Always put your flare nut on the tubing first or you'll be cutting off the end and re-flaring.



What it should look like when you done.

Image 6
A proper flare

Flare to NPT adapter,
NPT reducer bushing.
Then to AN line from my
pump

Image 7
Shows a flare adapter, NPT bushing, to get to 1/2 NPT then changed over
to 6AN which is the fitting | use on my pump.



Millipore test pump
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Image 8

The other side of the tubing, plugged for testing. A Millipore pump that | got at auction for $7.

26 in. vacuum
held for 1 hour

YALIIM

N P
\ Y. i,

Ty

Image 10
Pulled down to 26" Hg to check for leaks.



You can see that there are several inexpensive and basic
ways to adapt almost any type of copper tubing to any other
fitting, thread, line, or hose you may need.

If you are just planning to adapt lines from an A/C
compressor to make a vacuum pump, a flaring tool and
adapter fittings are your best bet.

If you plan to do more adapting, your own plumbing and A/C
repair or run into stuck bolts from time to time, a small torch
is very handy to have around. Always use the proper safety
equipment when working with torches.

Success!

| strongly suggest you do not find an old A/C unit and

remove the compressor from it since releasing refrigerant

gas is illegal, carries a hefty fine, and is not good for the

environment. Also when heating up existing compressor

joints without proper evacuation there's always a risk of

burning a pocket of Freon in one of the copper tubing loops and creating a deadly poisonous gas. Scrap yards,
junk yards, refrigeration companies, supply houses are all good sources for compressors.



