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OIL AND GAS EQUIPMENT

FIRE-RESISTANCE TESTS OF FITTINGS AND
EQUIPMENT FOR OIL AND GAS AND
TRANSPORT SYSTEMS

V. A. Leonenko, V. I. Kosik,
and V. D. Shmigirovskii

Beginning in the mid-1990s, and running concurrently with work on the basic subject, testing of oil and gas fittings
and gas-cylinder equipment for vehicular transport facilities has been conducted at the test center for rocket and space equ
ment administered by the NIIKhIMMASh. Various type sizes of cocks and valves, including fittings with a nominal-bore
diameterD,, = 700 mm have been tested, and climatic tests on fittings have been performed in the temperature range fron
—60 to +50°C. Certification tests of vehicular liquefied-propane cylinders manufactured by different, including foreign plants,
have also been conducted.

Demand for more complex tests, associated with determination of the fire resistance of fittings with a large flow-
through section and equipment for oil-and-gas and transport systems, has arisen at the present time.

Modern world practice involving the production and operation of stop valves in oil and gas lines requires their
mandatory testing for fire resistance under a flame temperature of the order of 800—1000°C. These requirements are set fol
in API standard 6 FA.

Similar domestic regulatory documents are currently being developed and made effective, for example, OST 001-2003
“Pipeline fittings. General requirements for fire—resistance*téslsveloped by the company NPF TsKBA and the NPAA.

Fire-resistance tests of fittings are conducted to obtain data on their serviceability and characteristics when fires
ignite in oil and gas lines, since reliable operation of fittings under these conditions will depend heavily on their dioe and e
logical safety.

In 2002, NIIKhIMMASHh introduced a test-bed assembly for fire-resistance testing of gas and oil fittings with a large
flow section.

Basic characteristics of the assembly are as follows: fuel — liquefied propane; oxidizer — compressed atmospheric air
temperature of 600-1200°C in the effective zone; and a maximum nominal-bore diameter of up to 700 mm for the fitting.

The selection of liquefied propane as a fuel is dictated by the high pressure of its saturated vapors (by its high
vaporability), and the feasibility of effective combustion when the gaseous phase of the propane burns in air at low tempera
tures. Organization of the working process calls for heating of the propane to 50-80°C in a special high-strength vesse
(V=150 liters,pyes= 25—-30 MPa) to increase the output of its gaseous phase per unit time, and improve conditions for igni-
tion and combustion at negative temperatures (in testing during the winter), a high delivery pressure for the gaseous phase
the propane and air (0.2—0.3 MPa and higher) in the gas-burning device (GBD), and regulation of the propane and air flow
and their preliminary mixing at the inlet to the GBD.

" The standard is expanded to include manually driven fittings intended for operation in systems at nuclear power plants an
in nuclear reactors, and in high fire-risk plants employed in the chemical and petrochemical industries.

NIIKhIMMASh FGUP. Translated from Khimicheskoe i Neftegazovoe Mashinostroenie, No. 8, pp. 12—-15, August,
2004,
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Fig. 1. Sthiemdic diagram of lov-hed-value assenilp for testing ire
resistance ofittings.

Several altenae shiemes ér the popane éed hae been desloped and implementeth assemlies with a lav hed
value $2EILO6 kJ/h) and anwaporative feed systenthe gaseous phase ofgpane is taped fom a sevice tank,and the liow
rates of the gseous mpane and pmary air ae contolled by pressue regulaors.

In assemlies haring a high heavalue and a displacememrteld systenmheded liquid popane is drced flom a ser
vice tank ly its avn vapors (self-displacement systenoy, by an inet gas. Subsequenggification of the popane pior to its
delivery to the GBD is conducted in aaever-evaporator, and the low rate is egulaed ty a liquid thiottling valve.

Figure 1 shavs a sbhemdic of a lov-hed-value fre assemlly. A propane-ged systenmir-feed system, control unit 2,
gas-luming device 3, measuement systenand fre chamber (combistion dilamber)s are component pé&s of the assenfifp

The propane-éed systernonsists of high-séngth potable ¢ylinder 11, mounted on balancds and equipped with
electic-heding systenil2 and themal-insulding housindlQ, pipelines 6r the delNery of the gseous phase ofgpane fom
the g/linder to the GBD via the comt unit, and elementsof the contol, regulaion, and monitoing of propane paametes.

The systemdr the compessed-(gmary) air feedincludes a btery of high-pessue g/linders, a pneumtc shield
pipelines or the deletry of air to the GBD via the comt unit, and elementsof the contol, reguldion, and monitoing of
parametes of the pimary air.

Thecontrol unit consists of basic elements tthe contol (fans,electic valves),monitoling (manometes), and eg-
ulation of the delrery pressue (pessue regulaors) for the popane and aifThe unit is ftted with a desk and instmenta
tion for visual monitoing of the test time andame tempeature. The iequired dugtion of the fre-resistance tests (the time
during which the fame acts on the object being tested) is extbty a timing digram of the opetion (opening-tosing) of
the electic valve contolling the popane éed to the GBD of the asseiynb

The gas-turning deviceis a modular conaiiction,and has a mir for the @seous phase of thegpane and com
pressed ajwhich is connected to a collector titelivers the popane-air mixtug to ifre nozzles with a lge rumber of open
ings for dishaige of the mixtue. The lame nozzles arintechangéble; this males it possile to alter thedrmat of the GBD
depending on the dimensions of objddbeing tested (sedd: 1).
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Fig. 2. Fre-resistance testing of ball do{D,, = 400 mmandp.¢ = 8 MPa) poduced
by Tyazhppmamaura (he&insulaing housing isemoved).

The multiple-torch design of the GBD and thegliminaly mixing of the @sified fuel with compessed air enses
effective comlustion and high unifrmity of the tempeature field; this is of paicular impotance br the testing ofitings
with large nominal-bog diametes. Stouctural components arintroduced to the GBD to impve mixing of the gsified
propane and air and elimiteasuppession of comisstion and wershooting of lames into the mier. The required fame term
perture is povided ky appropriate flow rates (delery pressue) of the popane and ajand ly the distance ém the GBD
to the object being tested

Thesystemdr flame-tempeature measwgmentonsists of open-type thrabcouples (see kg. 1), which are esth-
lished & a distance of@proximately 20 mm fom the surdice of the object under test. Caloetess 8 — cubes with a side of
40 mm,which ae fitted out with aubber soket for atachment of a thenocouple and jwvide for reliable contact of its junc
tion with the metal tathe center of the cube —ealocded a these same point$he themocouples a fabricated from
KTMS-KhA themocouple chle 4 mm in diametewhich is embeded in a potective steel 12Kh18N10T tube with an inside
diameter of 6 mm (the theiocouple junction mtrudes 20-25 mm ém the potective tube).Themocouple eadings &
recoded in eal time Express d&a ae output to a monitor

The comlustion tlamber(fire chamber) has actangular section. Itsw@r pat 9 is huilt of several tiers of mone
lithic reinforced-concete bocks,while its upper parrehea chamber) is a he&insulding housing ér the object being test
ed and is &bricated from panels of aife-resistant insukéon — basaltineA window for delivery of air from the amosphee
to the ehed zone is calleddr in the combstion dilamberTwo modiications of the combistion thiamber ag fabricated: sta
tionary and potable versions mounted on ait platform, which is mosed onto the test-bed & plaform prior to testing

The modular design of the assdgnienhances mobilityand maks it possite to easiy alter its“architectue,’
depending on the dimensions arairh of the object being tested

The following oil and @s fttings mamufactued ky the compay Tyazhppmamatura (Aleksin) vere tested dr fire
resistance on the test-bed assignit accodance withAPI standad 6 FA: a ball co& with D,, = 400 mm,andpg; = 8 MPa
(Fig. 2); a douke-disk ggte valve withD,, = 350 mmandp.g = 8 MPa; and a ball cdcwith, D, = 100 mm ang.; = 16 MPRa.

The testing drmula was as dllows: (800—1000C) x 30 min.

Tests of theifst two aticles were conducted without incident; after the tests, ittings functioned nanally and
provided for efective open-tosedisplacementsyhile aitightness caesponded to nars esthlished ty API standad 6 FA;
no kurn-throughs,cradks, or medtanical &ilures of theittings were revealed

Testing of the ball cdcwith D, = 100 mmwas cutailed after 10 min due tailure of a sealing element in a stuf
ing-bax subasseng and loss of the cécs aitightness.
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Fig. 3. Fre-resistance test ofehicular glinder poduced ly the KMZ
(ambient tempeture of —15C).
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Fig. 4. Stiemdic diagram of fre-resistance test®iff vehicular glinder.

Different test esults br fittings with gpreciably different (y more than an afer) weights and interal-cavity vol-
umes,which were filled with water duing the testsare explained ly the diferent themal staes and opeting conditions
that this dictdes br the sealing marials duing testing The test pocedue for the fttings and egulaory documents (espe
cially the duetion of the fre-resistance tests) should tafare tale into account the scaladtor of the itting. Let us also
point out thathe poblem of the &asibility of fre-resistance test®if electically driven fttings has gt to be esohed

In contiast to oil and gs fttings, fire-resistance tests of highgasue ehicular glinders for compessed niaral
gas (heeafter glinders) ae mand#ory. These tests arperbrmed in conbrmity with GOST R 51753-2001 (efctive since
Jarnualy 1,2002) in brmulating a nev design ér the poduction of glinders. This standat became ééctive on aruary 1,
2004 pr gylinders pioduced pior to Jaruary 1, 2002.

Metal-plastic glinders (oo = 20 MRa) mamifactued ty the Kotlasskii Elektomekhanibeskii Zaod (KMZ) were test
ed for fire resistance in confmity with GOST R 51753-2001 on the test-bed asbeihyeloped ly the NIIKhIMMASh. We
tested aylinder with a wlume of 60 lites (Fg. 3) filled with air to a pessue of 0.2 = 5 MPa in an assentdme with a sad-
guad device (SGD) constrcted in condrmity with PB 03-576-03 tean opegting pressue Pop = 1.1p.¢ = 22 MRa.

Figure 4 shavs a sbemdic diagram of the system empled to test glinders for fire resistanceThe pneumtic fas
tening systemdr the glinder being tested consists of cantvalve CV, sakety valve SV and manometer MNof measug-

458



De» MPa

20
T,°C ]
800 1 /
L
Pe //
10
400 P r S
/
ol o
4 8 12 16

T, min

Fig. 5. Dependence of @ssue p. and gis tempeature T in cylinder
on flame-eposue time

ment and contl of the pessue in the glinder when pepaiing for testing Two MD-250 pessue transduces P1 and P2
were installed to measerand egulae the pessue in the glinder, and \alve V for release of @ssue to the tmosphee.

The fame tempeature was measwd ty open-type Kh—A thenocouples deloyed in the immedi& vicinity (& a
distance of pproximately 10 mm) fom the surdice of the glinder and &a distance ofl@out 400 mm fom one another in
two tiers: three themocouplesT'1, T2, andT3 in a \ettical diametic plane bengh the glinder, and thee themocouplesT4,
T5,andT6 in a hoizontal diametic plane The gas tempeature in the glinder — an intgral paameter of the themal efect
of the fames — vas detemined sinultaneous) from readings of the gissue transduces.

The fame tempeaature averaged from readings of the six therocouples xceeded 60TC 30 sec after the staof
fire-resistance testing of thglmder. The fame tempeature was maintained within thenge from 600 to 1000C duiing the
entire test.

After 5 min (300 seckhe aas tempaature in the glinder, which was calculted fom readings of pFssue transdue
ers P1 and P2yas gproximately 300°C, and the pessue in the glinder was dout 11.5 MR (Hg. 5).After 10 min (600 sec),
the aas tempaature in the glinder rradied 600—65%C, and the pessue in the glinder 18 MRu. In the 16th miate (954 sec)
of the testthe g/linder exploded fractuing into four laige fragmentsThe saéty valve had éiled to function tithe moment
of the explosion,since the gFssue in the tank &s laver thanpop: 22 MRa. The cause of theytinder’'s explosion was #il-
ure of the lining which was fishionedrom the composition nterial, in connection with lame-induced loss of ngth in
the metallic liner

Results of theife-resistance testing of thglimders, which was conductedybthe NIIKhIMMASh, exposed the need
for correction of cefain positions taén in Section 7.15 of GOST R 51753-2001:

« the two basic paametes of the tests — the temptirre of the flame and the dation of its efect on the object being
tested — should bdeatly defned since brmulation of the“required test tempeture” does not cay specifc information
on test conditions;

« formulation of the“test dustion piior to SGD opeation” is not well defned, and equires moe piecise déhition,
since the timéto SGD opeation,’ i.e., the actual time of thddme efect,for these glinders will differ for different initial
pressues in the glinders (o4 and 0.29,¢); the condition of theydinders will differ, therefore, from the standpoint of load
ing, tempeeture, and stength;

* the position conceing the &ct tha “the gylinder should elease gs though the SGD’is incorrect; irstly, the
cylinder cannotrelease gs”through the SGD; it ma‘“release’it up to the opeating pressue, and not belw; and second
ly, the dustion of the gs“release’(at the opesting pressue of the SGD) is lengthened indefely;

» measuement of the ylinder’s surbce tempeture is assoctad with signifcant pocedual and tebnical dificul-
ties and ewors: to provide a eliable contact beteen the thenocouples and the sade of the glinder, it is required to caulk
the themocouple junctions into theall of the glinder, i.e., break the intgrity of the lining or crede signifcant mebank
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cal debrmations in the metal; this is unaqaeble. During fire-resistance testsjonitoiing of the themal stae of the object
under test and the tempeirre of the soure of the ire is usuall accomplished ypmeasung the fame tempeature near the
surface of the dicle (fromAPI standad 6 FA). This requirement should thefore be incoporated — the tempeture must be
measued d a distance of 10-20 mnofn the suidice of the glinder; and

« an element —alve for releasing pessue to the tmosphee — is mandary in conducting ife-resistance tests in
the g/linder’s pneumtc fastening systenand pessue transduces ae also equired as a means of meaisigrthe pessue,
and as a means of detening the gis tempeature in the glinder.
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