PLAINTIFF’S EXHIBIT

CHV-581

Mfg., Dept. Engr.
Instruction SF-104

APPENDIX NO.ITI

SAEETI INSTRUCTION SHEET - FIRED HEATERS

__FORM MFG, 600-3
No. SUBJECT . ~ DISCUSSION _ _
1to 31 N | Refer to Appendiaés T and II for the discussibﬁ;
32 . TEST APPLIED NEW h The teste applied new for both s trength and

leakage may be noted as those specified by the
desiguing engineer and issued to the con=-
struction forcer as the required tests. The
strength test 1s governed by either (a) the cold
test limitations of the terminal fittings or
directly comnected piping that can not be
blinded off, or (b) by the stress being limited
to 75% of the proportionsl limit of the
material, i.e, the test pressure should not

exceed (l.;) x (proportional limit) x (t)/0.D.
The leaksge test i1s usually between 2/3 of the

- strength test and a minimum of 1.5 times the
cold equivalent of the safety valve: setting

,protecting the heater,

33 - LIMITED BY - S " Note the 1imitation for the specified test
L : ’ pressure as "tubes," "headers," "rlangps," etc.
34  BANK OR COIL : 7 'Give the location of the tubes and headers in

the bank or coil as "convection," “radiant,"

"roof," "shock," etc., For the terminal fittings
note as “inlet," '"outlet,' "crossover," etc.
35 HEADER: TYPE The type of headers should be specifically

designated where possible, for example "Key.. ....-
1900," ete. If type is not known designete

by the pgeneral type ae "mule ear," "breeck
lock," "screw lock," ete. ’

36 DESIGN PRESSURE ’ The operzting pressure limit should be .
established as the maximim possible pressure-
that can be reuached by any method of operation.
The temperature should be the maximum for safe
operation within tihe limitations of the equip- -
ment and material, .

37  BASED ON Note ‘the limiting features of the equipment at
minimum thickness or other controling factor.
The limitation may be the "tubes," "headers,"”
“"flange ratings," ete., with temperature limits
restricLed by "oxidation," "embrittlement "
graphitlzation," ete,
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Mfg. Dept., Engr.,
Instruetion SF-104

NO. SUBJECT
38 TEST PRESSURES

39 PRESSURE

40 = TEMPERATURE

FIPED HEATERS (Cont'd)

DISCUSSION

The routine test pressure for strength should
be as close as practiecable to the initial -
strength test, as thesd tests are applied' to
test newly—rolled repalr joints, A note should
be added stating that the test pressure shall
not exceed (1.5) x (proportional limit) x
(current minimum tube thickness)/0.D. The
leakage test is-a function of the strength =Y
noted in "32" above, e

The pressure for calculating the minimum tube
wall thickness should be teken as either of the
following:

{a) For low pressure-drop heaters, assume that
the entire coil ls protected by the safety
valve on the top transfer line or on the vessel
into which the furnace discharges. S

(b) For cracking, reforming, or similar
heaters with sppreciable coil pressure drop,
take a different pressure for each bank or

" section of the coil., Thesge pressures are to

be determined from the maximum inlet and -outlet
pressures and either the known or an agsumed
pressure drop through the coil. In assuming a
pressure drop, remember that it will not be a
straight line function of distance through the
coil, and this will be particularly true in a
reformer or other heater where vaporization is
appreciable.

The temperatbures used for calculating the
minimum tube wall thickness should be the
maximum allowable operating tube wall _

tempersture, Different temperatures may be in-~
dicated for radiant and convection tubes. .Some

‘ judgment is required here on the part of the

engineer, For example, if the fired heater is
to operate with wmoderate outlet temperatures in
the neighborhood of TOO°F,, 1t is usuelly & -
good idea to set the muximum temperature for
carbon steel tubes at about 100°F.
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‘natruction SF-104

0.
41

L2

SUBJECT

- MINIMUM THICKNESS

. CORROSION ALIOWANCE

FIRED HEATERS (Cont'd)

DISCUSSION - .. ;;w

After’ establishing the pressure and’ temperature,

- the minimum tube wall thickness £hall be-
- calculated according to the equation’

=PD -
2bxl 33
where P = Pressure, Jbs. per square inch.
D = 0.D., inches.,
S = Stress in lbs. per square inch for 14
creep in 10,000 hours at the maximum °
operating metal temperature.

1.33 = is a factor applied to get the effect
of the two dimensional stress in the
tube wall caused by internal pressure.

- It represents the ratio between two
dimensional creep stress and that
determined by an ordinary tensile
specimen in one direction only, which
is the value. appearing in- the
literature. |

it

i

©  The reconmended values of creep stress are- given'
" in the Richmond Materials Iaboratory report of -

November 20, 1946 entitled "Recommended Values
of Creep and Rupture Strength."

The minimum tube wall thickness in the case of

‘fired heaters subjected to high pressure tests
“may be determined by the routine test stress

in the tube being limited to 75% of the pro-
portional limit for the material. When the
minimum thickness is so limited, the basis .
should be clearly stated, in the agterisk note-—
as it may be desirable to reduce test pressures-
at & later date to obtain maximum service life
for the tuves.

In the event the calculated minimum thickness is
less than 0,10", the minimum shall be established

. arbltrarily at 0.10",

‘The above apply except where tube thickness

requirements are mandatory as for powar bollers
in which case Lhe requirements of the State of
California Boiler Safety Orders and the ASME

. Boiler Code govern.

‘Thé corrosion allowance can now be determined by

subtracting the minimum thickness calculated
from the tube wall thickness supplied. -
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DATA AND OPERATING LIHITS SHEET -~ FIRED HEATERS

5

EQUIPMENT DATA

it SERVICE 1 ‘. M. _2
£ NFR. e U YEAR BUILT,
i+ TUBE NUMBERIKG DI AGRAM EXT. HEATING sumcs SQ.FT.
!ﬁ- DRANINGS ,
b TEST APPLIED NEW: STRENGTH ____ 32 psi . LEAKAGE 32 L psi__
LI LIMITED BY 33 S ; ,
PR TUBES: LOCATION, f.e. BANK OR COIL 3k
: ORDER 0.
3 MATERI AL
H SPEC. & GRADE .
; 4 HUNSER ,
3 D.-HALL,AY. OR MIN.~LGTH. . N
HEADERS & FITTINGS: LOCATION 3 <
ORTER NO. _
E MAUFACTURER
TYPE 35
4 . MAT! L -HEADERS & PLUuS
? r'L.-uowmc MBBERS & SCREWS
g INLETS,CUTLETS & CROSSOVERS: LOCATION 3L
; FLASGE SIZE & RATING : :
A FLASGE FACING
. ¥ CROSSOVER SIZE & WEIGHT
DO .
& OPERATING LIMITS
L : (CO!I&JLT DESIG(S EHGIHEER BEFORE EXCEEDIKG THESE LIHITS)
e AQOVALS ) . ‘ ' ‘
E GESIGN PRES.: MLET._ 36 psi__ @ b, oume_ 36 psi_@ F
x ] BASED 04 : 37 - : ‘ i
= — — = ——JHA ALLOW. TUDE WALL.TEMP. _ :
————— PEDTECTED Y SAFETY VALVE o4 ___2% S,V. SET AT psi
ENG. DEPT. |TEST PRESSURES: STRENGTH____ 38 psi__. LEAKAGE 38 psi
o dnpry Tmcmsss OF TUBES D HEADERS AT PRES, & METAL TEHP. GIYFH
- TUBES” tm c__ | PRES, | TEMP, HEADERS tm c | PRES, | TEMP.
= ———] 41 42 39 Lo
OPRG DEPT.
§ *tm based on:
SAFETY PRECAUTIONS
REFER TO GENERAL SAFETY INSTRUCTION SHEETS ME-51C2 Sheets I, 2, 3, 6, 7, FOR MOTES oN HAZARDS OF squnmsnr FAIL-
, URE, HITH RECCIC(EMDATIONS FOR THEIR AVOIDANCE AND FOR INSPECTIONS AND TESTS.
DATE  HOTE SELOW XY SPECIAL HAZARDS, RECOMMENDATIONS, INSPECTIONS, OR TESTS THAT ARE mpoarm FOR THE ABOVE
EGH I FENT:
e e
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