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Abstract

This research is about design and build gas production by plasma submerged arc in liquid
machine to apply to small and medium industry. The first phrase, we study gas plasma arc
production in liquid theory, electromagnecule, performance coefficient of plasma submerged arc
in liquid reaction and electric discharging liquid insulator to apply to design and build practical
and cffective gas production machine. The gas production machine was designed for pressure
supported in reactor maximum to 20 bar. Use electric power to electric arc 20KW. The machine is
able to produce gas continually 1-2 weeks with rate of 227 cubic feet per hour by no need to
replace the graphite. Moreover, it can be changed size of the graphite to increase electric power to
150 KW to arc. It can produce gas 1,777 cubic feet per hour. The first phrase, construction gas
production gas machine is to prepare reactor, linear axis equipment, electrode graphite, pressure
gauge, temperature gauge, flow rate gauge, liquid level measure equipment, high pressure liquid
pump, semi-automatic motor controller and handheld oscilloscope to build and test the complete

gas production by plasma arc machine in the next phrase.
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C(solid) — C(gas)—171.7, (2.4)
H,O(liguid) — H,O(vapor) —10.4, (2.5
H,O(vaper) + C(gas) — H,(gas) + CO(gas) +138.8, (2.6)

amasnun s lumadoalunuie keal/mol aunsn 2.6 1811910MSAILIMA
wasnudamteasennezaey Tuase 2.1 HAZINAUAIT 2.4, 2.5 LAY 2.6 15101015099

augaaumaail lay

H,0(liquid) + C(solid) — H,(gas) + CO(gas) — 49.3, 2.7)

¥
o

nnaums 2.7 Hhulgasennmsersaldiii1d1dme 1, uez co Wuiljasegn
mm%’au (endothermic reaction) 49.3 kcal/mole

A15199 2.1 MADUTAMHEITTHI199EA0Y (keal/mol. T = 25 C°)

Diatomic molecules Diatomic molecules
H-H 104.2 c=0 255.8
0=0 119.1 N=N 192.0
Manyatomic molecules Manyatomic molecules
€-0 85.5 O-H 110.6
C=0inCO, 192.0 0-0 35
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151922 Tunsainliwdsaud W lusgvuvenlgaseuniiluaums 2.7 iy
1 kW.h =860 keal anunsonanlalasionla

H, (mole)

860 (kcal) /43.9 (kcal/mol)

I

19.6 moles (2.8)
AANNAY 1 atm tazgaungl 25 € 1zld leTasnunfilsnasmiiy

H, (Volume) = 19.6 (mole) x 22.41 (liter/mole)

= 493.1 liter (2.9)

VNN 22 1 cf = 28317 liters Usuasima lalasounlamiiiy 493.3 / 28.317 = 15.5 cf
USuasveshna co luaunis 2.7 veiilSuasmiiu 15.5 of wwRedsumaslalasou

E
Tumswn Infuesies 1, uaz co il §Azornoanuiou (exothermic reaction)

AUAUNITANL
CO+10, - CO,(gas) + 68.7, 2.10)
H, +10, - H,O(vapor) +57.5, H, +10, - CO, + (liquid) + 67.9, (2.11)
CO+ H, +0, = CO, + H,0(vaper) +126.2, (2.12)
€O+ H, +0, — CO, + H,0(liquid) +136.6, (2.13)

A1319% 2.2 msulasnulendsnuuazalsuiag

1kecal = 3.9685 BTU
lkeal = 1.1628x 10° kW.h
1BTU = 0.25198 keal
1BTU = 2.930x 10" kW.h
1kW.h = 3413.0 BTU
1kW.h = 859.99 keal

1m’ = 35314 cf

lcf 28.317 liters
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Exothermic heat (vaper) = 19.6 (mole)x 126.2

It

2473.5 keal 150 2.88 kW.h (2.14)
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o

= oe o o o =
Tunsdiveal§semsunIngd nldiwazmsveuldesnladoanin snaums 2.13 Hians

AUANUTOUOONN UYL

Exothermic heat (liquid) = 19.6 (mole)x 136.6

2677.4 BTU/mole %50 3.11 kW.h (2.15)

nnlgasenlumsmn vl 1, vez co Mmeanuiouceninluaums 2.14 uaz 2.15
A ar o a J = o 5 o
ADAINIWINENNY (energy content) VoIMwdauns 1z asdiimswn luifldin sxiimnamg
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Coefficient of Performance = Egas / Eclcctr
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rHO - CH, —CH, - OH +C —> (2r + 1)CO + (3r + 1)H, — (45.5r + 43.9), (2.20)
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total combustion energy = i1 ((2r+1)-68.7+(3r+1)-67.9) kcal (2.21)
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SPECIFICATIONS FOR STEEL PIPE
Published pipe standards serve three functions.

1. They dictate manufacturing and testing requirements and prescribed methods of measuring the required mechani-
cal and physical properties.

2. Without specifications, it would be difficult for the pipe buyer to establish a common ground of understanding with
the producer as to product requirements.

3. When the pipe producer marks a specification on this product they warrant that the pipe is made from prime
quality steel and meets all the requirements of the specification.

Standard pipe is manufactured and tested as prescribed by ASTM (iormerly American Society for Testing Materials),
an international, non-profit technical and Scientific organization formed for “the consensus development of standards
on characteristics and performance of materials, products, systems and services." The society operates through
more than 127 main technical committees. These committees function under regulations that ensure balanced repre-
sentation among producers, users and general interest groups. The published standards, therefore, represent the
consensus viewpoint of all involved. Line pipe and Oil Country products are manufactured and tested as prescribed by
the American Petroleum Institute (API). The API operates similarly to the ASTM except that producers, consumers,
and associations with primary interests in oil or gas are involved.

GRADE

Grade refers to divisions within different types of seamless and ERW pipe and designates mechanical properties
such as minimum yield and tensile strengths. Grade B has higher tensile and yield strength than Grade A. It is
manufactured to higher carbon content steel. Grade A, being a softer steel, is easier to bend and is recommended for
use in close coiling and cold bending. Grade B has higher stress values and is better suited for machining operations.
Grade C, which is available in ASTM-1086, has higher tensile and yield strength than Grades A & B.

DIMENSIONS
Many changes have been made to ASTM specifications over the years. One of the more recent has been to make the
specifications fit with metric, and more correctly, with the measurements of pipe and the related fittings.

To change the pipe outside diameter (OD) and wall thickness, simply multiply the S| dimensions by the appropriate
factor to convert to metric. However, an inch is not a real inch. Nowhere on pipe 12" and smaller is there a correspond-
ing measurement because this size has no real numerical value.

To solve this problem and still retain the intent of the size designation, the inch mark was removed from the column
showing the size, and the term NPS was added as were the following words: The dimensionless designator NPS
(nominal pipe size) has been substituted in this standard for such traditional terms as “nominal diameter? “size” and
‘nominal size.” They are now stated as NPS 1, NPS 2, NPS 6, NPS 12, NPS 14, etc.

WARNING

Most pipe specifications are restricted by tolerances for outside diameter, wall thickness, and weight. Pipe must meet
allthree criteria or material could be rejected. Please refer to the applicable specifications.



DIGEST OF COMMON - PIPE SPECIFICATIONS

Specification
and Size Range | Scope Type Grades Chemistry
Where Iindicated
A-120 (has Bik & Galv Welded & SMLS | ow None None Specified
been pipe for ordinary use - not ERW Specilied
withdrawn) Intended for close coiling SMLS
NPS 1/8 - 16 | bending or high
temperature service
A-53 Blk & Galv Welded & CW- CW- Composition. max %
NPS 1/8-26 | SMLS pipe suitable lor Type F Type F c Mg P 8§
welding and forming —— . TypeS(seamlesspipe]
operations CW not ERW - ERW & SMLS Open-f\eahh_ e!e.ntnr.v!urnace
ied for i or basic-oxygen:
intended for llanging. Type E Grade A& B Grade A 025 006 006 G045
Grade B not intended for Grade B 030 120 005 005
close coiling or severe SMLS - Type E (electric resistance welded)
cold forming. Pipe Type S Open-health, efeclic-Turmnace
required for close coiling or basic-oxygen
should Scifi Grade A 025 0% 00 0b
it sH oo an Grade B 030 120 005 0045
' Type F (furnace welded pipe)
Open-heallh, elocticlumaca
or basic-oxygen: 030 120 005 00M5
Ladle and Check Limits
A-106 SMLS for high SMLS Grades A, B& C Composition, max %
NPS 1/8 - 26 lemperature service Onle ent. £ B _GradeC
o y ! ¥ Chrome 040 040 040
Suitable for bending, Copper 040 040 0.40
flanging, and similar Moalybdenum 015 015 0.15
lorming operations. Nickel 040 0.40 .40
Manadium 008 008 008
‘These five elements combined shall not exceed 1%,
A-135 Electric resistance welded | ERW Grades A& B E Srade A g GradeB
NPS 2-30 for conveying fluid, gas or | Only "‘MCB Fion 0.05 030
vapar. Manganese 055 120
Phosphorus 0.5 0085
Sulfur 0oes
Ladle and check limits
A-252 ERW or SMLS ERW Grades 1,2, 3 All grades 05 Max. % Phos,
MPS 6-24 for Pipe Piles SMLS
DSAwW Ladle & check limits
A-333 SMLS & Welded Carbon & SMLS 1.3,4.6,7,8,9
Allay Stecl pipe for low ERW Gai § 3
temperalure service _‘}4_% e
[ 1 ﬁs i [ ]
[ s |
o 5] .
I s
5| 2 025 |
0@ oiE] . o6
1.0 7]
A-335 SMLS Alloy Steel Pipe for SMLS P1, P2, P5, P5b, Gmde| UNS | C Mg [P |8 s8I o [
' e . s Des. max | max
NPS 1/8 - 26 high lemperature service Only P5c, P9, P11, P12, I A ST T s o v
P15, P21,P22, POl | mrTwir | on] wel = lel 6n T 55 e
PE | WATSSS | ioaum| 000 (0% | Ueo | Somew| 48 | 45
PEb | KEI5E5 | omax | a0-80] 005 | 025 | 1mem] 46 5
P | WATHG | tomax | B080] (05 | 055 | Bomec] 6 | B
PO | S5O0 | Whmex | SOE0] (05 | 055 | S5i00] B0 Rl
Fil | Kiig07 | 0515 | 0080 o | 065 | Soim] 106 | 4
Pi2 | Kiighe | 616 | 0.8 o5 | 005 | Somm | B0IZ | 456
P15 | KII678 | 0515 | S0-80] (o | (5 | 16l e
P2 migis ¥ A s | 05 | Shmex E!oe
P2 | W0 | h 15 | ae| oo | o5 | Hmax] 193 13
FEECE N XE| @0 | 0w | 208 1
a. Naw i i blisk in accord, with Practice E-527
and
SAE J1086. Practice for Numberng Metals and Alloys (LINS).
b Grade P5c shall have a lifanium content of not less than 4
times tha catbion content and not more than 0 70% or a
A-501 Hot Formed Welded & SMLS None Composition %
SMLS Round, Square & Welded Specified Eletner Heal Analysis P
Square & Rectangular Tubing Carban, max. 026 020
Hectangular Phosphorus, max, 0035 0.045
ectangula
14, 100 Sulfur, max. 0.035 0.045
" \ Copper, min." 020 018
ound
4= . 24 "When copper sleel is specified
A-587 EW Pipe for process lines ERW None
NP8 1/2° - 10* | suilable for severe forming | Only Specitied —5&-‘!”&.“ P 5 %E&N‘_
involving flanging and 5 ey ;K] 035 [1¢3] L2717
close bending
A-589 SMLS & Welded Water Type 1 Type 1
Pipe SMLS or Weided | A or B _PM'!&L-E-.
Type 1 Type 1 " 05 o
NPS 6-16 Drive Pipe

CONTINUED



DIGEST OF COMMON - PIPE SPECIFICATIONS

ddINILLNOD

Specification
and Size Range

Wherslndicatad Tensiles Hydrostatic Tests Bend Flattening Wall Tolerance 0D Tolerance
A-120 (has None Specitied yes None Specitied | None Min. wall shall not 12" - 1-1/2% + 1/64*
been Specified be more than 12.5% -1/32"
withdrawn) under nominal wall 2 & over-
NPS 1/8 - 16 +/- 1% ol OD
. MIN.P.S.1
N?‘SAI:',E?- 26 |- Gé'“:": ;;’T’D'E'n E‘Z’f;&: yes yes - 2" & und?r ves - Min. wall shall not ) 120 - 1112 4 1/64"
GR-A 30000 48,000 Std. & XHY 90 over 2" nom. be more than 12.5% -1/32
GR-B 25000 80000 to 12 times nom. | XHY & lighter. | under nominal wall 2" & over-
diameter. Close | Cw 80" +- 1% of QD
coiling 180°to 8 | to 75% ODv
times nom. dia.
A106 1/8" - 1-1/2" + 1/64"
NPS 178 - 26 9 MIN, P.S.L. . : = 1rj32:
Grade Yield Tensile 2" - 4" 4/-1/32
TTA 30000 asoon | ves Not req'd over 2" | yes - Min. wall shall not 5" - 8"+ 1/16"
B 35,000 50,000 diameter. 90°to | over 2" dia. be more than 12.5% -1/32"
—C 40000 70000 _ 12 times dia. under nominal wall 10" - 18" + 3/32*
Close coiling -1732"
180°10 8 18" & ovar-
times diameter 1/8"
-1/32*
A-135 PR T g ]
NPS 2-30 _ Grade  Yield _ Tensile | yes None Specified yes - Min. wall shall not For all sizes
A 30,000 48,000 for all sizes be more than 12.5% +- 1% ol OD
-] 35000 60.000 o 2/3 QD under nominal wall
A-252 MIN, P.S.L
NPS 6 - 24 de d i None Specified | None Spacitied | None Min. wall shall not
1 30000 50,000 Specified be more than 12.5% +/~ 1% of OD
g 35% 60,000 under nominal wall,
—3 20000 _ 66000 Surface defecls no
more than 25% deap
A-333 MIN. P.S.1
Grade Yield Tenslle "
T 30,000 50,000 2 -4+ 1732
2 45 000 65,000 5" - 8"+ 116"
a 35,000 60,000 yes None Specilied yes - Min. wall shall not - /a2
6 35000 60,000 for all sizes be more than 12.5% 10" - 18" + 3/32"
7 35000 65000 under nominal wall - 1/32*
] 75,000 100,000 18" & + 1/8"
] 46000 83,000 -
10 65000  £0,000 Over - 1/32'
1 35000 65000
A-335 “L4a/2" 4 164
NPS 1/8 - 26 __a__ﬂlﬂ&sy_*l_ . +-1£§2'
P 30,000 55000 | Yes yes yes Min. wall shail not 2" - 4% 4/- 1/32
P2 30,000 55,000 be more than 12.5% 4" -8+ 1/18"
] 60,000 B5,000 under nominal wall - 1/32"
Al 10" - 18" + 3/32"
_Others 30000 60,000 - /32"
20" - 26" + 1/8°
-1/32"
LS Round:
Square 8 MIN. PS.L 1-1/2" & under + 1/65"
Rectangular Yield Tensile None Specified | Round None None None Specified - 1/32°
il 36000 58,000 Specified Weight shall not be | 2" & over +/- 1% of QD
Round Shapes Yos less than specified Shapes:
1%~ 24* by more than 3.5%. |2-1/2" & under +/- .020
Surface defect 2-1/2" - 3-142" +/- 025
no mora than 15% 3-1/2" - 5-1/2° +/- 030
5-1/2° & over +/- 1%
A-587 MIN.S.1,
NPS 1/2*- 10" Yieid Tensiie
30,000 48,000 None Specified | None Specified | yes - Refer to table 4 Reler fo table 4 ASTM
Nondestructive | A flange lest for all sizes ASTM Standards Standards for A-587
lest shall be made for A-587
shall be made
F Grade H!‘v_s-_gﬂ' - Tensile : 1-1/2* & under
[ 25000 45,000 yes None Specified | None Min. wall shall not + 1/64" - 1/32"
N;Ysﬂg 16 A 30000 48,000 Specilied be more than 12.5% 2" & over

nominal wall

+/- 1% of OD




DIGEST OF COMMON - PIPE SPECIFICATIONS (cont.)

Specification

and Size Range Scope Type Grades Chemistry
Where Indicated
Type 1l Type 1l Type I Type Il
NPS 1-12 Water well reamed and SMLS,ERWorCW | A or CW __ﬁlﬁM_MCvS_.
drifted T 060
Type 1l Type I Type I Type I
NPS 1-2 Driven well pipe SMLS, ERWorCW | AorCw Q
Type IV Type IV Type IV Type IV
NP§S 3-8 Water well casing SMLS, ERWorCW | AorCW m
AP| 5. Welded and SMLS CW, ERW, SMLS oN Ladle % Max )
Line pipe DsSAW Grade 25 GR__C WH F 5
DSAW A25 21 60 08 06 Z
ERW & SMLS SMLS
Grades A & B P RS =B b
“ NS | AR
ERW H
A 21 @ o7 S
B 28 115 o405 Z
Ladle % Max % Min O
API 5LX Welded and SMLS ERW & SMLS X-42 X-46 ri PE_S €8 W
High tast line pipe DSAW X-52 X-60 X42 20 125 o4 05 [ )
X-85 X-70 X486 31 13 M 05
X-BO X52 81 13 oM 05
X60 26 135 04 05 fi23
ERAW
X42 28 125 04 05
X-46 30 1.35 o4 05
X652 30 135 ™M 05
X80 2% 13 04 05 006
Federal Comparable to A-120
WWP-406 (has been withdrawn)
Federal Comparable to A-53
WWP-404

ASTM & API SPECIFICATIONS WITH COMPARABLE ANSI DESIGNATIONS

ASTM OR API ANSI DESIGNATIONS TITLE
DESIGNATIONS
CURRENT REPLACED
ASTM A-53 B-125.1 B-36.1 Welded & Seamless pipe
ASTM A-106 B-125.30 B-36.3 Seamless carbon steel pipe for
high temperature service
ASTM A-120* B-125-2 B-36.20 Black & galvanized and seamless steel pipe for
ordinary uses
ASTM A-134 B-125.55 B-36.4 Electric-fusion (Arc) welded steel plate pipe
= (sizes 16" & over)
ASTM A-135 B-125.3 B-36.5 Electric resistance welded pipe
ASTM A-139 B-125.31 B-36.9 Electric-fusion (Arc) welded steel plate pipe
) (sizes 4" & over) '
ASTM A-155 B-125.4 B-36.11 Electric fusion welded steel pipe for
5 N high temperature service
_ASTM A-211 B-125.56 B-36.16 "Insert discontinued 1994"
ASTM A-312 B-125.16 B-36.26 Seamless and welded austenitic stainless steel pipe
ASTM A-333 B-125.17 B-36.40 Seamless and welded steel pipe for
low temperature service
ASTM A-335 B-124.24 B-36.42 Seamless ferritic alloy steel pipe for
] high temperature service

* has been withdrawn



DIGEST OF COMMON - PIPE SPECIFICATIONS

Specification
and Size Range
Where Indicated Tensiles Hydrostatic | Tests Bend Flattening | Wall Tolerance 0D Tolerance
Type 11 IN.P.S.1
NPS 1-12 Grade MYi;ld ) Tensile ves None Nore Min. wall shall not be | 1-1/2* & under
cw 25,000 45,000 Specified Specified | more than 12.5% + 1/64" - 1/32
A 30,000 48,000 under nominal wall 2" & over-
8 35000 60,000 SN +- 1% of 0D
( J 1]l
,I?;%ﬂ _I2 MIN. RS yes yes-for A-25 | yes 2-7/8" & smaller
O Grade et 1ot pipe 2-3/8 & b 20% - 12.5%
i ) ; smaller
A 30,000 48,000
Z Type IV __ B 35000 60,000 3-1/2' 0D 1.900 & under
NPS 3-8 + 18% - 12.5% + ,016" - .031"
} P 4° - 18" 2.38"-4"0D
o AP} 5L
: + 15% - 12.5% +- 1%
20" & larger 4-1/2" & over
{ + 17.5% - 10% +/- . 75%
I [ ............. __MIN.PS.1.
Grade Yield Tensile | yes Nore yes - + 15% - 12.5% +- 75%
%4z 42,000 60,000 Specified for ERW
U APl 5LX %46 46,000 63,000 P
x-52 52,000 66,000
X-B0 60,000 75,000
Federal
WWP-406 Comparable to A-120
Federal
rable lo A-
WWP-404 Compal 53

ASTM & API SPECIFICATIONS WITH COMPARABLE ANSI DESIGNATIONS

ASTM A-358 B-125.57 B-36.47 Electric fusion welded austenitic chromium-nicke!
alloy steel pipe for high temperature service
ASTM A-369 B-125.77 B-36.48 Carbon & ferritic alloy steel forged and bored pipe
for high temperature service
ASTM A-376 B-125-25 B-36.43 Seamless austenitic steel pipe for high temperature
temperature central station service
ASTM A-381 B-125.25 B-36.49 Metal arc welded steel pipe for high pressure
—— B transmission systems
ASTM A-405 B-125.26 B-36.44 Seamless ferritic alloy steel pipe specially heat
. - treated for high temperature service
ASTM A-523 G-62.5 Plain end seamless & ERW steel pipe for high
] pressure pipe type cable circuits
ASTM A-524 B-125.37 B-36.56 Seamless C.S. pipe for process piping
ASTM A-530 B-125.20 B-36.57 General requirements for specialized
o - carbon and alloy steel pipe
API 51 Line pipe
__API 5LX High test line pipe
__API 518 . e = Spiral weld line pipe




FEDERAL

WWP-404c is similar to ASTM A-53 except that Government inspection and continuous identification marking of

electric weld and seamless is mandatory. It covers black and galvanized welded and seamless pipe for flanging,

bending, and coiling and for use with fresh water, oil, steam, air, and gas on shore plus a limited number of shipboard
uses. Sizes 1/8 inch through 24 inch. WWP-406¢ is a federal specification comparable to ASTM A-120 (withdrawn
1988). Mills can certify that A-120 pipe in a distributor’s stock meets all the requirements of WWP-406c.

A.W.W.A.

C-200 covers black welded and seamless pipe intended for the conveyance of water in sizes 6 inch and larger.
Specification prescribes hydrostatic test pressures for sizes of pipe covered. Tensile, flattening, and bending
tests are required.

ASME

B31.1 Code for pressure piping. Prescribes minimum requirements for design, manufacture, test, and installations
of power piping systems for steam generating plants, central heating plants, and industrial plants.

B31.2 Fuel Gas Piping.

B31.3 Petroleum Refinery Piping.

B31.4 Liquid PetroleumTransportation Piping Systems.
B31.5 Refrigeration Piping.

B31.7 Nuclear Power Piping

B31.8 GasTransmission and Distributing Piping Systems. Covers design, fabrication, installation, inspection,
testing, and the safety aspects of operation and maintenance of gas transmission and distribution systems.

ANSI (ASME)

B36.10 American Standard for Wrought-Steel and Wrought-Iron pipe. Designates dimensions, weights, and
schedule numbers for welded and seamless pipe. Schedules 10 through Schedules Double Extra Heavy (DXH/XXH).

B36.19 American Standard for Stainless Steel Pipe. Designates dimensions, weights, and schedule numbers
for welded and seamless Stainless Steel Pipe, Schedules 5 through Schedules 80.

A.AR.

M-111 covers black and galvanized welded and seamless pipe intended for coiling, bending, flanging, and other
special purposes; and is suitable for welding. Purpose for which pipe is intended should be stated on orders. M-111
is comparable in most requirements to ASTM A-53.

M-130 covers black and galvanized welded and seamless pipe for ordinary uses in steam, water, gas, and air lines.
Sizes 1/8 inch through 12 inch. Pipe to this specification is not intended for close coiling, bending, or high temperature
service. M-130 is comparable in most requirements to ASTM A-120.
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