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Standard Exposed Junction Thermocouple for Controlled Conduction
Errors in Measurement of Air or Exhaust Gas Temperature

RATIONALE

ARP690 has been reaffirmed to comply with the SAE five-year review policy.

1. SCOPE - The thermocouple design recommended herein is presented as one for which
the correction to the observed emf, because of thermal conduction along the stem and
wires, is within the limits presented in the accompanying figure. On referring to the
figure, it is seen that no restriction is placed upon the diameter of the thermocouple or
stem, and the longitudinal dimensions are expressed in terms of wire and stem dia-
meters. The type of stem, such as packed ceramic stock, refractory insulating tub-
ing, etc., also is left open to choice. Thus the sizes of wires and supporting stems
may be varied over wide ranges to match particular requirements where conduction
errors are to be limited or controlled.

2. REQUIREMENTS

2.1 Design curves in the figure give the minimum requirements of different mass veloci-
ties for the parameter (L/D-7 + £/d-7) to keep the conduction error
(Tgas - Tindicated down to the percent of (Tgas -~ Trount) shown. For example, for

a Class 1 junction it is seen that (L/D"7 + £/d'7) of 9.6 obtained from any combina-
tion of I, D, £, and d will provide a system that has a deviation at a mass velocity of

2 -
2 lbs/ft= sec of not more than one percent of (Tgas Tm ou nt) . Effect of temperature

level is so small as to be practically negligible. Here T refers to temperature and
the meanings of the subscripts are:

gas — The temperature of the gas stream measured by a hypo-
thetical similar thermocouple not affected by conduction.

indicated - Temperature corresponding to the thermal emf indicated
by a thermocouple in the absence of radiation and re-
covery factor temperature error.

mount = The wall of the system through which the thermocouple
is inserted, and with which it is in thermal contact.

2.2 Dimensions of lengths and diameters must be in inches and the values given are for
Reynolds numbers (at flow conditions and for wire and stem diameters) between
1,000 and 50,000. The data presented here are for ISA Type K thermocouples, and
should not be applied to other materials without proper adjustment for the new values
of thermal conductivity.
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2.3 The only restriction on the physical make-up of the design is that in a case where
loosely fitting insulation is used, the holes in the tubing should be closed so that no
flow is parallel to the wires. The closure should be made in the cooler region, pre-
ferably outside of the test duct to avoid the short-circuifing effects of ceramic cement
in a hot zone. The necessity for this closure can be eliminated, and in general a
Ionger-lived thermocouple can be obtained by use of conventional packed ceramic stock.

2.4 In making the junction, care should be taken to have the wires as straight as possible
from the point of emergency from the insulation to the beginning of the junction loop.
The minimum spacing of one wire diameter is for straight wires, and because some
wrinkling of the wires is almost inevitable, this minimum should apply in practice to
the point at which the spacing is a minimum,
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