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ISA (THE INTERNATIONAL SOCIETY OF
AUTOMATION)

Mc 96.1 "Temperature Measurement:
Thermo-Couples"

IEC (INTERNATIONAL

ELECTROTECHNICAL
COMMISSION)
IEC-60584 "Thermocouples Part 1:
Reference Table 2nd
Edition"
IEC-60751 "Industrial Platinum
Resistance Thermometer
Sensors First Edition,
Amendment 1-1986,
Amendment 2-1995 , BS EN
60751 :1996"

ASME (AMERICAN SOCIETY OF
MECHANICAL ENGINEERS)

ASME-PTC 19.3 "Performance Test Code-
Temperature Measurement"

ASME-B40.200  "Temperatures, Direct
Reading & Remote Reading
Incorporating ASME B40.3,
B40.4, and B40.9"

ASME-B1.20.3  "Dry seal Pipe Thread(Inch)"

BSI (BRITISH STANDARDS INSTITUTE)
BS 1041-Part III "Guide to Selection and Use

of Industrial Resistance
Thermometers"

IPS (IRANIAN PETROLEUM STANDARDS)
IPS-E-GN-100  "Engineering Standard for

Units"
IPS-C-IN-190 "Installation and
Construction Standard for
Transmission Systems"
IPS-C-PI-290 "Construction Standard for

Welding of Plant Piping
Systems"
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IPS-M-EL-271(1) "Material Standard for Low
Voltage Cables & Wires"

3. UNITS

This standard is based on International System of
Units (SI), as per IPS-E-GN-100 , except where
otherwise specified.

4. DEFINITION & TERMINOLOGY

4.1 Thermocouple is a bimetallic set, the potential
difference across which varies with temperature
when heated and forms basis for temperature
measuring and control devices. There are different
types of thermocouples used in industry such as
EX, JX, KX, SX and TX as shown in table — 1.

4.2 Bimetallic Thermometers: Are temperature
measuring instruments in which the differential
expansion of two metals is used as a means of
temperature measurement. They consist of an
indicating or recording device, a sensing element
called a bimetallic thermometer bulb, and a means
for operatively connecting the two.

4.3 Filled System Thermometers: Are temperature
measuring instruments in which the change in
volume of a liquid, a change in pressure of a gas,
or the change in vapor pressure of a volatile liquid
is used as a means of temperature measurement.
They consist of an all metal assembly comprised
of a bulb, capillary tube and Bourdon tube,
provided with a temperature responsive fill.

4.4 Thermocouple Extension Wire: see section
7.14

4.5 Thermowell: In many temperature
measurements in performance test code work the
sensitive element cannot be placed directly in to
the medium whose temperature is to be measured.
In such cases a well may be used, which by
definition is a pressure tight receptacle adapted to
receive a temperature sensing element and
provided with external threads or other means for
light pressure attachment to a vessel.

4-6 BULB

The primary element used in connection with a
resistance thermometer is simply termed a
resistance thermometer bulb. Resistor bulbs are
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available in many forms and shapes , depending
upon their shaped metal stem, the lower end of
which is sealed, while the upper end terminates in
the head or terminal housing. The resistance
winding is located in the lower end of the stem.
The winding always must be in good thermal
contact with the inner surface of the stem or
housing so that proper heat transfer from the
medium being measured will occur and result in an
acceptable speed of response. For obvious reason,
the winding must be electrically insulated from the
stem. Thus, one of the fundamental design
problems is that of achieving the desired electrical
insulation with minimum thermal insulation.

Principal factors in resistance thermometer bulb
design include:

1. Shape

2. Size

3. Material used in resistance winding
4. Insulation of the winding

5. Type of winding.

5. GENERAL

5.1 All field mounted instruments shall be located
so that they are readable from the point of
operation. Mounting shall be free from vibration
and be accessible for maintenance and services.

5.2 Temperature instruments (such as local
controllers and transmitters) shall not be supported
by the instrument. Adequate independent supports
shall be provided for every instrument process

piping.

5.3 All supports shall not obstruct the footpaths,
vision or access to any item of equipment.

5.4 Instruments and instrument cables,
ducting/conduits shall be installed rigidly and
absolutely normal to the vertical or the horizontal
plane as required, unless otherwise specified.

5.5 Installations for which detailed project drawing
and sketches are not supplied shall conform to the
user standard hook-up drawing where applicable if
the hook-up drawings are not applicable, the
installation shall conform to a high engineering
standard and good workmanship to the satisfaction
of the engineer.

5.6 Transmission systems and inst. piping shall not
introduce obstacles preventing access to the
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instruments. etc.

5.7 Electrical wiring shall be carried out in
accordance with standard electrical construction
specification. Electrical instruments, fittings, etc.
shall comply with the area requirements of IP
(Ingress Protection), and safety code for electrical
installations.

5.8 Installation of electrical/electronic instruments
associated with temperature devices shall strictly
conform to the manufacturers instructions and to
the satisfaction of the engineer.

5.9 No electric welding will be permitted on
existing instrument panels containing electrical
instruments. Any cut outs, brackets etc. shall be
cold cut, drilled or bolted as applicable.

5.10 All instrument control and/or alarm wiring
shall be tested for continuity and resistance with
respect to ground in accordance with standard
electrical ~ construction  specifications.  See
IPS-C-IN-240(1) par 9.3.2.1 for ground continuity.

5.11 A functional check out shall be made on
systems to ensure that the correct wires,
capillaries, etc., are connected to the correct
terminals.

6. FILLED SYSTEM AND BIMETALLIC
DIAL THERMOMETERS

6.1 In all installations of filled-system temperature
instruments, it is necessary to protect the bulb and
capillary tubing from mechanical damage.

It is required to use armored capillary tubing and
to support the tubing run between the bulb and
controller or transmitter to protect it from
accidental damage. The capillary tubing should not
be cut, opened, or pinched in any manner.

6.2 Instrument work starts from the installation of
the thermowell and includes the running of the
capillary tubing and the mounting of the
instrument. The capillary tubing shall be
adequately supported and clamped.

6.3 The element of thermometers shall be installed
in thermowells, unless other wise specified.

6.4 Care should be taken to ensure the readability
of the dial from a convenient location. Some times
an adjustable type at various angles may be
recommended.
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6.5 Bimetallic thermometers are used for
indicating or recording. Bimetallic thermometer
has a bimetal bulb and a protective sheet.
Differential thermal expansion of metals cause a
bimetal coil rotation, and therefore, a pointer
attached rotates on a linear scale. Depending on
the type of fluid, the immersion length and
installation methods will vary and the ranges can
also vary from -130 to 540°C (-200 to 1000°F).
For further details refer to ASME PTC 19.3,
chapt.8.

7. RESISTANCE AND THERMOCOUPLE
TEMPERATURE MEASUREMENTS

7.1 Thermocouple elements and RTDs shall be
installed in thermowells.

7.2 Electrical measuring and control signal lines
shall not run in the same conduit or trench with
electrical power lines.

7.3 Precautions and practices encountered using
thermocouples also  apply to  resistance
temperature devices with two exceptions,
applicable to RTD only:

a) Ordinary copper wire is used to connect the
readout device to the sensor. For three wire
system the most commonly used configuration
provides one wire connection to one end and a
two-wire connection to the other end of the
sensor. This compensates for resistance and
temperature change in the lead wire.

b) The reading is absolute, so a reference
junction is not needed. Elements are available
conforming to one of two curves, European R =
0.00385  ohms/ohm/degree  Celsius, or
American R = 0.00392 ohms/ohm/degree
Celsius. Both curves are based on a sensing
element resistance of 100 ohms at 0 degree
Celsius. (pt 100)

7.4 Individual extension wires (usually three) from
the resistance element may terminate in a
connection head or in a quick disconnect fitting or
extend directly to the measuring unit. Generally, a
connection head is employed and the wires are
frequently run in a three-wire cable to the board-
mounted resistance temperature = measuring
instrument. The wire normally used is minimally
0.75 mm’ stranded copper. Where multiple
installations of resistance elements are_used, the
wires can be run to a field terminal strip. A
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Fig. 5 - TYPICAL FIREBOX THERMOCOUPLE INSTALLATION
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Notes:

1) Materials external of firebox may be other
than those specified in Table 1.

2) Thermocouple should be 13 mm (0.500-inch)
outside diameter by 3 mm (0.120-inch) wall,
MgO insulated 2 mm* (14 gage) nickel (90
percent)-chromium(10 percent) thermocouple
wire with 446 stainless sheath, or material listed
in API-RP556, section 3.4.5.

3) The head end of the thermocouple should
have 50 mm (2 inches) of exposed wire. The
mineral insulation shall be removed to a depth
of at least 6 mm (1/4 -inch) and potted with
compound.
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event of pocket failure. The length of extension (U-
Dimension) shall not be more than 600 mm.

8.9 Thermowells inserted in furnaces tubes or
headers shall meet the specifications of the furnace
designer and shall conform to the tube or header
plug design.

8.10 On small lines where adequate immersion
cannot be obtained by the thermowell inserted
perpendicular to the line, the well shall be inserted
at 90 degrees bend in the line. Alternatively a short
section of the line may be enlarged to accommodate
the thermowell, but this method should only be used
when normal methods are impracticable, see
Related typical Drawing on page 22.The maximum
immersion length shall be 150 mm (6 in.) for pipes
of 300 mm (12 in.) and above.

8.11 When process requires rapid temperature
response, thermowells for temperature controllers,
shall be constructed with wall thickness as thin as
operating conditions will permit.

9. TEMPERATURE SWITCHES

9.1 The temperature element of the switch
assembly is to be mounted in a thermowell and the
switch should be mounted on a pedestal or a stand
pipe with brackets wherever applicable, such as
capillary type switches.

9.2 The capillary tubing shall be adequately
supported and clamped.
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Thermowell Installation (General Service)

&legiy =95 JLail B} ol a5 Juail
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] @ THREADOLET SEE NOTE | [;Ej) SEE NOTE |
G9ok & L pr— erm— bt — , —
= LATROLET / ELBOWLET
S E92)) ’
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FIG 2 FIG3
Y U YU
TABLE 2 - THERMOWELL INSTALLATION
(gl 1) Gyl Saly cuai = ¥ Jguo
Line Size 3" 4" 6" 8" 10" 12" 14" 16" 18" 20"
Length "U 100 100 100 150 200 200 300 300 300 300
(mm)
Length T/C 450 450 450 600 600 600 750 750 750 750
(mm) _
Max. Velocity 25 15 15 7 7 7 7
m/s
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TABLE 3 - D & D NOMINAL LINE SIZE

D,d bs ol ojlail =¥ Jguo

2" 4" 100 mm

TYPICAL DRAWING 1
THERMOWELL INSTALLATION (SCREWED)

(1) 5 )y Sbla codi— ) diges i

Notes:

1) (1"API) thread let, latrolet, or elbowlet
minimum rating class 3000 lb.

2) Outer end of thermowell shall face upward.

3) For 80 mm(3") or 100 mm (4") lines, elbow
installation is preferable if practicable.

4) On an insulated line, the thermowell shall be
insulated up to the bottom of the hexagon head.
"T" DIM. shall include a 50 mm. lagging
extension.

5) Welding
IPS-C-P1-290.

to be in accordance with

6) Dimension "U" refers to length of well from
end of thread to tip of well.

7) Maximum allowable "U" length shall be
limited to the figures given in Table 2.
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20mm
COMNDUIT THREAD

172" API

1/2* SCREWED UNION

18mm

™
DIMENSION

LENGTH
L

Tﬂ‘

10mm 10mm
i Ji 22mm _EE
Ve L £2Mm
"U" Yok ¥ T ojlail ¥ "A"ejlal -T2 guilS gy erkeoY s )
API @u‘ PN -A C’““ POt v 0)9..»&: o0 =Y T o)‘L.\;" -7 = Ll ) JL«:J‘ == -0

ALL DIMENSIONS ARE IN MILLIMETERS.
Wt yioadie 0 b ojlusl don
TYPICAL DRAWING 2
THERMOWELL AND THERMOMETER POCKET (SCREWED)
Y digos didli
(F) yogoy abbizmo 9 5> Saly
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Notes:

1) The details shown of the hexagon and plug
are typical only. Manufacturers standards may
also be considered.

2) The well, plug, chain and rings shall be
stainless steel type AISI-316

3) The well shall be fabricated from solid bar
stock. The bore shall be concentric to 10% of
wall thickness.

4) The well shall be polished below mounting
threads to 0.25 microns surface finish.

5) The well shall have an (ASME B1 .20.3
Dryseal Pipe Threads-1 inch) modified to have
at least twelve effective threads, two of which
are below a standard ring gage. This provides
two additional full threads at each end beyond a
standard pipe thread engagement.

6) The well shall withstand an
hydrostatic test pressure of 140 bar.

internal

7) The maximum cold working pressure is 70
barg.

8) On an insulated line, the thermowell shall be
insulated up to the bottom of the hexagon head.
"T" dimension shall include a 50 mm lagging
extension.
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MINERAL INSULATED
./~ THERMOCOUPLE

1/4" ©,Dx1/2" AP| MALE
compression fitting

APl THREAD @

o 1"
Sl
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TYPICAL DRAWING 3

THERMOWELL AND THERMOCOUPLE INSTALLATION FOR LINES SUBJECTED TO
VIBRATION
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4
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TYPICAL DRAWING 4
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Notes:

I
e b oVl £ 5l bl cosS hate (6399 SYlasl -

1) Cable connector entry fittings to be of steel uiy P 93 £ Je, ’ ¢ 9”.
with rubber bushings to provide positive grip on ellse g bl jo ol 038 oS L B asl Sy
cable and weather-tight seal. S (o

b Sy g b sl Jlasl aer (900 VLl 45 ¥
2) All fittings outside the junction box to be
weather protected with plastic tape or corrosion
resistant paint.

3) All fittings to be of the safety compression

Asl bgase I 51 Ky as X,

il el lad Blis po b cYLasl 4 Y

type. o a8 abl eoVed i 5y £ 5l Wb Jlasl ass ¥
4) Junction box to be made of welded sheet e e LT o e o cblis £5c (S5t Llia
steel duly protected against corrosion and the b a I e T ‘) &

cover to be fully neoprene gasketed. 5L JolS

sz B Jlail cgz (S slad Jlasl anxr Ll 0 -0

Al asly glacs,

5) Each end of the junction box to have assorted
knockouts to provide adequate accommodations _
for multicore junctions and terminations. Ol e Sl (See a8 Ll B ol YLl Jle 5 -7
6) Terminal block shall be installed as high as
possible in the box.

g cual Jlas! s Coudd

7
¥ __. 1/2" API PIPE THREAD @

/ FULL PENETRATION DOUBLE WELD @
40mm (1-1/2") BLIND FLANGE FOR PIPE @
1 —

-
v/
]

64
=)

\!
y b. \! REMACHINE GASKET SURFACE AFTER WELDING @
I\ \
28 J' \1 @ 40mm(1-1/2" W.N.)FLANGE
- T\ \ \\ R.F BORE 34.1mm
o \ ‘,‘l}ﬁ \
7] A
z N\ \ - THERMOWELL
s \BY! /
5 NN _ HHH
© f
IN LINES 100mm(4”) OR SMALLER I\ ,
@ o5 | N N 40mm (1-1/2'W.N) WELDOLET /
' | SCH 160 @
o __i—/'-"uJ IN LINES 150mm(6") OR LARGER
ROUND EDGE/ | 10D
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TABLE 3- THERMOWELL INSTALLATION (FLANGED)
(L) &)l > Saly uai Y o

Line Size

3" 4" 6" 8" 10" 12" 14" 16" 18" 20"

o=l 4 ks ojludl

Length "U" (mm)
soekes 4 “U” o5l
Max. Allowable

omo ST

150 150 | 200 | 200 | 300 | 300 | 300 | 300 | 300 | 300

Max. Velocity m/s

25 | 25 15 15 7 7 7 7 7 7

U Usb 5 stmckeo 80 sl 55 s sl gl B3 5
plod il ol odnl cund o axsl )l e cnl S
IRCLNE SV OW WPV LY SIRY

s )sloly

* For vessels, blind flange size shall be 50 mm (2
inches) and Length "U" may be larger than listed.

Notes:

1) The well shall be AISI -316 stainless steel or
other materials as required for fluid.

2) The well shall be fabricated from solid bar
stock, the bore shall be concentric to 10% of
wall thickness.

3) The well shall be polish finished below
mounting flange to 0.25 microns.

4) Welding to be in accordance with IPS
engineering practices

5) For test wells (/42" API) plug and chain shall
be provided.

6) The standard lengths "U" for piping
installations are 150, 200, 250 and 300 mm.

7) The well shall withstand a hydrostatic test
pressure according to the flange rating.

8) Flanges to be ANSI 300 R.F minimum
rating.
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T 3=
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TYPICAL DRAWING 6
THERMOWELL INSTALLATION IN FURNACE FIREBOXES
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