
L 

Journal of Research of the National Bureau of Sta ndards Vol. 45, No.4, Odober 1950 Research Paper 2136 

Response Characteristics of Temperature-Sensing < 
Elements for Use in the Control of Jet Engines 

By Andrew I. Dahl and Ernest F. Fioek 

The ra te at which a temperat ure-sensing elemen t located in the gas stream of a jet 
engin e responds t o suddcn changes in t emperature is of great practi cal import a nce in t he 
con trol and operat ion of such an engine. T he factors t hat determine rate of response a re 
discussed , and t he s ignifican ce of t he characterist ic t ime is emphasized . It is shown t hat 
laborator y determinations of characteristic t ime must be made under s imulated engine con
dit ions in which t he ra te of heat t ransfer b y forced con vect ion is the cont rolling factor . 
Apparat us used at t he Na tiona l Bureau of Standards for measuring characteristic t imes is 
desc ribed, a nd typical resul ts are presented . The rate of response of a de vice in a jet engine 
varies greatly w it h eng in e speed and wi th t he altitude of flight, so t hat satisfactory per 
forman ce of a temperat ure-act uated cont rol system can be expected only if t he sensing ele
ment responds wi th suffi c ien t rapidi ty und er star t ing condi tions and a t the fligh t ceiling. 

1. Introduction 

The importance of accurate tempera ture measure
men ts in the development and operation of gas 
turbines and jet engines is well recognized. Such 
m easurements determine importan t operating char
acteristics of th e power plant and permit the engine 
designer t o single out for special attention those 
components wherein changes wo uld be most effective 
in improving performance . 

Of commensurate importance is the applica tion of 
temperat ure-sensing devices in the control of jet 
en gines. An acceptable con trol system must preven t 
th e engine speed from increasing at an excessive ra te 
and protect critically stressed parts from being over
heated . Since a change in fuel-air ra tio is normally 
accompanied by a simul taneous change in gas tem
perature, adequa,te protection of the power plan t 
requires a con trol tha t will act very suddenly to limi t 
th e r ate of change of gas temperature during accel
eration and to reduce th e gas temperature wh enever 
it exceeds a safe value. If the control is temperature
actu a ted , the sensing elemen t must therefore respond 
rapidly when subj ected to a ch ange in temperature. 

Pro tec ting against overheating of the par t that is 
considered most likely to fail m ech anically migh t be 
achi eved by a ttaching a tempera ture-sensing elem en t 
directly to such part. Usually, how'ever, most 
highly stressed parts are rotating, so that it is 
extremcly difficult to make satisfactory temperature 
m easurem en ts of such parts. Even if this installa
tion problem were solved, th e instrumen t so applied 
would respond but slowly to the stimulus (i. e., a 
ch ange in gas temperature) that causes engine speed 
to change. Thus i t is logical to base th e control 
systen.l upon the temperature of th e high-velocity 
gas, Slllce such a system can be made to protect 
against overheating, to preven t too rapid accelera
tion, and to establish th e power output of th e engine. 
Obviously, th ese essen tial con trols can be achieved 
only if th e temperature sensing element and th e 
auxiliary par ts consti tu ting the control system can 
be m ade to respond very rapidly to ch anges in gas 
temperature. 

In the course of projects dealing wi th temperature-

sensing devices applicable in gas turbines and jet 
engines, sponsored a t the National Bureau of 
Standards by the Air M ateriel Command and by 
th e Bureau of Ships, many misconceptions have 
come to ligh t concerning the ra te of response of such 
devices to sudden changes in tempera ture. These 
do no t involve the basic theory of r esponse, which 
has been treated clearly by Harper (1),1 but indicate 
some confusion as to the significance of measured 
values and as to th e proper applica tion of such 
values. 

This paper is concerned par ticularly wi th th e 
ra tes of response of interest in th e control of turbine
type engines, where th e temperature-sensing elemen t 
is normally immersed in flo \ving gas. Various factors 
that determine the rate of response under such 
circumstances are discussed, the relative impor tance 
of these factors is indicated , and laboratory equip
men t and m ethods used at this Bureau for determin
ing respon e charac teristics are described. Previous 
papers in this field [2, 3, 4, 5] deal wi th other applica
tions, and th erefore do no t emphasize some of the 
factors that are sp ecific to power plan ts, particularly 
those fo r aircraft . 

II. General Considerations 

An obj ect immersed in a gas at temperature T g , 

retained by walls at temp erature Tw, even tually 
attains a steady temperature, T2 • At this steady 
state the obj ect gains and loses h eat at equal rates, 
and its actual temperature T2 is seldom iden tical 
with either Tg or Tw. The obj ect may be a temper
ature-sensitive elemen t ini tially at any given temper
ature TI , which is introduced suddenly within the 
aforementioned environmen t . The rate at vhich 
its temperature changes from TI to T2 may now be 
measured and is found to be a function of its surface 
area (S) , mass U\Il) , h eat cap acity (0), and th e rate 
of heat transfer with th e surroundings . This may 
be expressed as follows: 

dT/dt = (S /MO)}(k , T , Tg, Tw ), (1) 

1 Figures in brackets indicate the literature references at t he end of tbis paper. 
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in which T is its temperature at time, t, after its 
environmen t is changed, and k is a generalized coef
ficient of h eat transfer such that f(k,T,T g, Tw) de-

I cribes completely the h ea t transfer to and from the 
element. 

For every specific element, th e heat-transfer func
tion in tmn governs the rate at which the element 
responds to sudden cha nges in environment. Al
though this function cannot be evaluated theoreti
cally for the completely general case, present purposes 
are served by considering special cases in which the 
heat transfer i by one single method at a time, 
because, in most practical applications including 
that in engin e , the rate of transfer by one method 
is 0 prepondcrant that th e effects of all others are 
negligible by comparison. 

III. Factors Influencing Response in Gas 
Streams 

1. He at Transfer by C onvection 

In the transfer of heat by fluid convection, motion 
of the molecules continuously brings new particles 
in contact with the surface of th e obj ect being h eated 
or cooled. A distinction is made between na tural 
convection, in which the mo tion of the mediLlm is 
due to differences in density r esulting from differ
ences in temperature, and forced convection , in which 
the motion of the medium is produced by mechanical 
means. The transfer of heat by conduction through 
gas is included in the transfer by convection, so that 
it need no t be treated separately. In any case, the 
rate of transfer of heat by conduction is small , com
pared with that by convection. 

Consider, first, the case in which radiation can be 
neglected. This co uld be approximated closely if 
the object were provided with an efficient radiation 
shield. Under these condi tions the wall temperature 
is without effect, and T2= Tg. Thus eq 1 may be 
written 

(2) 

in wh.ich he is the coefftcien t of h eat t ransfer by con
vection. Also, the rate of h eat transfer by convec
t ion varies directly as the difference in temperature 
(N ewton's law of cooling), so thatf(h e, T, T2) becomes 
(T2- T)f(he). 

The value of he for forced convection is essenLially 
independent of temperature, so that for this cage 
eq 2 becomes 

dTjdt = he(S/MG) (T2 - T ). (3) 

It has been shown experimen tally [6 , 7] that, for 
natmal convection , the coefficient may be expressed 
as 

(4) 

in which kl is a cons tan t and 6. T is the temperature 
excess of the gas ovcr Lhe clement heated. Thus, 
for this case eq 1 becomes 

(5) 

(a) Forced Convection 

This is the case of real interes t when considering 
the response of tempera t ure-senging element . im
mersed in the ga stl'eam of :j et engines, because the 
rate of heat transfer by forced con ection far exceed 
that by any other method in s Llch applications. 

' Vith r ubstituted arbitrarily for the quantity 
IvlG/Sh e eq 3 integrates to 

- loge T2- T ) = t/r+ constant, (6) 

and, since T = T, at t= O, 

in which 6.T is the change in temperature that the 
element has experienced at time t, 6.To is the total 
change to which it is subj ected, and e is th e base of 
N aperian logarithms. 

From eq 7 it is apparent that the quanti ty r must 
have the dimension of time, and that at time t= r, 
the ratio 6.T/6.To= I - 1/e= 0.632. Thus r i t he 
time required for the object to undergo 63.2 percent 
of the total change in temperature to which it is 
subj ected instantaneously. The time r, 0 defin ed, 
is generally referred to as the time constant or 
"characteristic time" of the element, and this ex
pression will be adhered to throughout the remainder 
of this paper . A similar concept of the time con
stan t appears frequently in the fields of m echanic 
and electricity. 

The characteristic time of a temperature-sensing 
element has a nmnber of interesting physical inter
pretations. Referring to a specific installation , 
both t:;,To and r are independent of time, and eq 7 
can be difl'erentiated to give 

(8) 

Equation 7 may al 0 be written 

(9) 

Dividing eq 9 by eq 8 give 

(10) 

Equation 10 shows tha t the characteristic time 
may also be defined as the t ime that would be re
quired for th e object to change from temperatureT 
at t ime t, to t emperature T2, if the rate of change 
[d(t:;,T) /dt] of temperature prevailing at time, t, were 
held constant. This interpreLation of the character
istic time is shown graphically in fi.gure 1, in which 
the curve represents eq 7, plotted in terms of the 
dimensionless ratios t:;,T/t:;,To and t/r. It will be 
noted that if a tangen t is d ['awn to the curve at an y 
point and extended to t:;,T/t:;,To= 1 (or T= T2) , the 
horizontal component of such a tangent is equal to r . 

The quantity r was introduced above as a sub
titute for the quo tient .1\1IG/She. Among these 

quantities, M , G, and S are physical characteristics 
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Heat t ransfer by forced convection only. 

of th e obj ect, and if the coefficient of h eat transfer 
by forced convection (h e) were independent of flow 
conditions, then the characteristic time of a par
ticular object would be a single-valued property. 
Actually he varies in a complex manner, for which 
no satisfactory theoretical treatment has been 
evolved . However, compreh ensive analyses of ava il
able data indicate that , for a given object , he is es
sentially dependent only on the mass rate of flow. 
Thus, th e characteristic time of an object immersed 
in gas flowing at velocities attained in jet engines is 
essentially independent of the temperature and of the 
temperature differen ce to which it is subj ected, and 
th e same value of T appli es whether the object is 
b eing heated or cooled. For instruments used in 
flowing gases, a numerical value of characteristic 
t ime is significant only when th e mass flow rate is 
sp ecified, but no statem en t as to th e magnitude or 
direction of the temperature change is required . 
For example, it is m eaningful to say tha t a particular 
device h as a charr. cteristic time of 2 sec at a mass 
flow rate of five Ib/sec ft2. 

Since th e characteristic time of any object varies 
directly as its mass and inversely as its surface area, 
it is apparent that T will be decreased by any process 
that increases the surface area proportionately 
greater than the mass. Consequently, any m ethod 
of increasing the surface area without changing the 
mass will reduce T, but such m eans for reducing T 

are practicable only within th e limits established by 
th e ability of the element to withstand the stress to 
which it is subj ected . 

(b) Natural Convection 

It is Imown that the rates of r esponse of instru
ments designed for use in jet engines have been meas
ured in apparatus in which they gained or lost heat 

primarily by natural convection and radiation. The 
following sections are included merely to show why 
values m easured in this way cannot be significant, ( 
so far as applications in engines are con cerned. 

If th e expression SkdM O is represented by {3, eq 5 
may be written 

dTldt = {3 (T2 - T)5/\ (11 ) 

which may b e integrated to give 

t= [4 i3/(T2 - TJ)1/4] { [(T2 - T1) /( Tz- T)Jl /4- 1} . 
(12) 

It can be seen from eq 12 that the rate at which 
an object will respond to a sudden change in tempera
ture, when heat is transferred solely by natural con
vection, is a function of the temperature interval 
over which the h eating takes place. This is sh own 
graphically in figure 2, in which t/4f3 and t:,.T/t:,.To are 
plotted for the single value T 1= 500° F and for three 
values of t:,. To . 

Since the response due to natural convection de
pends upon the par ticular temperature condit ions 
encountered , whereas that due t o forced convection 
does no t, th e characteristic times of the same device 
under these two sets of operating conditions cannot 
be related . 

2. Heat Transfer by Radiation 

Consider the special case in which heat transfer 
to or from a r elatively small body, such as a th ermo
couple junction, takes place by radiation only, so that 
th ere is no transfer of heat by convection, Tg has no 
effect, and T2= Tw. As an example, a junction might 
be moved suddenly from a cool to a hot location with
in a vacuum furnace. The transfer of h eat in this 
case takes place in accordance with the Stefan
Boltzmann law, and eq 1 becomes 

in which rY is th e Stefan-Boltzmann constant, E is the 
surface emissivity of the junction, and a stands for 
th e quotient SHINJO. 

I.O ,-------,----,------r----,------.-----,-------.----..., 

a 

0.8 ~---+----+----_+--___:;~:::::.----!:.._-=+----t____::==__-i 

b 
c 

~0.6 

.... 
~ 

0.4 t----b'-7'---I7"'---_+----+----+-----t----t------1 

2. 4 6 8 10 12 14 

t/4~ x 10 2 , FROM EQ 12 

FIG URE 2. Graph of equation 12 . 

Heat transfer by natural convection only. Curve n, ~To= 1,500' F; curve b, 
~To=500' F; curve c, ~To=lOO' F . 
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Integration of eq 13 gives 

(' 
Examination of this equation shows that the time

temperature relation, and h ence also the rate of 
response, depends mal'kedly on the following: (a) 
whether the junction is being heated or cooled; (b) 
the temperature level; and (c) the temperature 

~ interval. 
Item (a) can be illustrated by considering that, in 

one casc, a junction heated from 500° to 2,000° R , 
and in another it is cooled from 2,000° to 500° R. 
The quantity 4at is plotted against temperature in 
figm'e 3 for each of these cases. Although the initial 
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FJGUllE 3. Graph of equation 11, . 
Heat transfer by radiaLion only. 

rates of temperature change arc the sam e in the two 
cases, the time required for the temperatm e to change 
by a given percentage of the temperatUTe difference 
is less dUTing heating than it is dming cooling. 

Thus when most of the heat is transfened by 
radiation, the rate of response of a given junction 
depends on different factors and has entirely different 
characteristics than when the primary heat transfer 
is by convection. 

IV. Conditions of Heat Transfer in Jet Engines 

The gas flow rates that prevail in a jet engine cover 
a wide range and depend primar ily upon the engine 
operating conditions and the altitude of flight. How
ever, even dUTing starting, heat is transferred to a 
device immersed in the gas stream predominately by 
forced convection. Since the various solid parts that 
retain the gas stream aro normally cooler than tho 
gas because of heat losses, a sensing element in the 
gas stream normally attains a steady temperatme 
below that of the gas itself, because of rn,diation and 
conduction from the sensing element. Nevertheless, 
when the temperatUTc of the gas is changed suddenly, 
the rate of change in the temperatura of the sensing 
element is determined alm ost entirely by the rate of 
heat transfer by forced convection, and the effects 

(14) 

of radiation and conduction over the short in terval 
of time involved arc insignificant. 

As tbe characteristic timo of the instrument is a 
function of the operating comlitions, as well as of the 
physical characteristics of the device itself, th ese 
conditions must be taken into account in devising 
laboratory equipment for measuring T and in using 
measured values in the design of control systems for 
engines. The mass flow rate through a given engine, 
and hence also the characteristic time of an instru
ment immersed in its gas stream, varies with the 
density of the ambient ail', engine rpm, and to a 
lesser extent with airspeed. Thus the over-all rate 
of response of the control system must be sufficiently 
high that adequate protection is provided at the 
lowest mass flow rates , which occur' dm'ing static 
starts and at the flight ceiling. A system that pro
tects the engin e at sea level and high-power outputs 
may b e utterly inadequate at low-power outputs 
and at high altitudes. 

V. Laboratory Apparatus for Measuring 
Characteristic Time 

Equipment used at this Bureau for studying the 
performance of temperature-sensing devices appli
cable in jet engines is shown schematically in fig ure 
4, and the apparatus used for producing sudden 
changes in the temperature of tbe test instrument 
is sbown in figure 5. As indicated in figure 4, a 
compressor supplies air to a single Jumo 004 turbo
jet engine combustor equipped with its normal fuel 
inj ector and spark plug. The gas temperature and 
flow rate at th e combustor outlet are subj ect to 
control through a valve at the inlet to th e com
pressor and by adjusting the fuel pressure. Exhaust 
gases from t he burner pass th rough two 90° t urns , 
through a perfora ted plate, and then through about 
10ft of straight pipe before reaching the test section . 
The latter has three convenient b atches for mount
ing instruments in th e gas stream, which is at es
sentially uniform temperature and velocity over 
the central half diameter of th e test section. Due 
to tbe sbape of the duct system, no instru ment is 
exposed to direct radiation from the flame. 

A bleed line containing a butterfly valve provides 
an auxiliary control of the flow in the test section, 
independent of the operating conditions of the 
burner. Pressures observed with a pitot-static 
tube, together with tbe known value of gas tem
perature, permit calculation of the mass flow rate 
in the test section. 

Two such systems have been used to date , and it 
is planned to maintain both for future studies of a 
similar nature. The air for one is supplied by a 
blower with a capacity of 4,000 ft 3 of free air a 
minute and that for the other by centrifugal com
pressors having a combined capacity of 10,000 
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FIGURE 4. Diagram of test systems. 

ft 3/min. The systems have identical Inconel test 
sections, about 6 in. in diameter. The remainder 
of the former is of ordinary iron, which limits the 
operating temperature to about 1,600° F because of 
scaling. Most of the work on rates of response has 
been done in this system, in which the blower 
capacity and the drop in pressure through the burner 
and lines limit the mass flow rate to approximately 
8 Ib/sec ft 2. Currently a second blower is being 
added in series, and all iron pipe downstream of the 

. burner is being replaced with Inconcl, in order that 
the operating range may be increased. 

All of the second system beyond the Jnmo com
bustor is of Inconel, and an afterburner is installed 
at the burner outlet . This system can be operated 
at temperatures up to about 2,000° F , and at mass 
flow rates up to 15 lb/sec ft 2 in the 6-in . test section. 
A test section 3 in. in diameter is available for use 
in life tests and in research where velocities up to 
1,800 ft /see are of interest. 

For measuring the rate of response, the tempera
ture of the gas surrounding the test instrument must 
be changed suddenly. This cannot be accomplished 
with sufficient rapidity by changing the burner 
operating conditions. It can be done, without 
altering the steady flow of exhaust gas in the test 
section, with the apparatus shown in figure 5. An 
Inconel tube, held in position around the test instru
ment by a release plate, provides a flow channel for 
cold air. Upon removing the release plate, the 
Inconel tube is removed suddenly by a spring, thus 
exposing the instrument to the hot gas of the main 
stream almost instantaneously. During the down
ward movement of the tube, the supply of cold air is 
stopped automatically. In this way a test instru
ment at a lrnovvn, moderate temperature (controlled 
by the air rate through the Inconel tube) can be 
exposed to exhaust gas at any chosen temperature 
and mass flow rate within the capability of the test 
system. 

The performance of a variety of thermocouples, 
resistance thermometers, and thermistors has been 
studied. In each case the experimental result was 
recorded wi th a direct-inking oscillograph , in the 

form of an emf-time chart. The time scale can be 
had either by counting the strokes of the pen, which 
oscillates continuously at 60 cycles/sec, or from the 
lrnown speed of the paper, which is moved by a 
synchronous motor. 

An a-c amplifier was used with the oscillograph, ~ 
so that it was necessary to use a "chopper" on the 
output of each thermocouple. "lVith the resistance
type devices, both a -c and d-c bridges with choppers 
have been used with equal success. In any of these 
systems the amplitude of the recording pen is 
proportional to the amplified emf, so that the en
velope of the record gives the impressed emf as a 
function of time. It is not necessary to know the 
amplification factor. The initial and final tempera
tures, if desired, can be measured more conveniently 
and more accurately with other indicating or record
ing instruments. 

If the output of the sensing element varies approxi
mately linearly with temperature, as is the case 
with thermocouples and resistance thermometers, 
the characteristic t ime can be read directly from the I 

record. It is simply the time required for the 
amplitude to change from its initial value by 63 .2 
percent of the total change that it experiences. 

A typical record of this type, together with a 
drawing of the envelope curve to an enlarged scale, 
is shown in figure 6. This particular record is for 
a No. 22 gage bare Chromel-Alumel thermocouple, 
the junction of which was formed by fusing the ends 
of the wil'es into a bead having a diameter approxi
mately twice that of a single wire. Initial and final 
temperatures, measured with other instruments, 
were 300° and 1,200° F, respectively, and the mass 
flow rate was 4 Ib/sec ft2. 

In the case of thermistors, for wmch the resistance 
decreases approximately exponentially with increas
ing temperature, a satisfactory arrangement is to 
use the test unit as one arm of a bridge, in which the 
oscillograph indicates balance. Having determined 
the resistance- temperature relation for the test in
strument, and having chosen the experimental values 
of Tl and T2 to be used in the test, the resistance 
corresponding to the temperatme [T1+ 0.632 
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(T2- T1) ] is calculated and set up in a second arm 
of the bridge. The remainder of the test of a ther
mistor can then be conducted as described for 
thermocouples, but the oscillograph record now 
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FI GUR E 5. Equi pment for p j'oducing sudden changes in 
temperature. 

hows a maximum amplitude at the start of the test 
and a minimum amplitude at the characteristic time, 
a measured from the instant of exposure to hot gas. 

A wid e variety of instruments was studied, in
cluding sensing elements exposed directly to th e gas 
stream , elements encased in metal and ceramic 
protection tubes, and clem ents imbedded in insu
lating materials such as quartz and beryllia. Char
ac terIstic times as low as 0.02 sec have been measured 
successfully, and there seems to be no upper limit 
imposed by the tcst system or recording equipment. 
For each instrument, from three to five records were 
taken at each of the flow rates 2, 4, and 6 Ib/sec It 2 . 

No results have been obta ined at flow rates above 
6.8 lb/sec ft 2, primarily b ecause th e flow rates of 
greatest interest in engines arc less than this . 

Presentation of the results in detail would be 
useless without a complete description of each in
strument, which is considered neither practicable nor 

TA B LE 1. Characteristic ti mes of bW'e thennocOl!pie 
junctions 

100 

Gage number of 
tbermocouple wire 

18 ______ ._. ___ . ___ ... _ 
22 . _____ __ ._ ••. .. .... __ 
28 •• __ •••• ___ ...•. _.,. 
36 _. _ .... _. __ ..... _. __ _ 
40 . _ .... _ ... __ .... _. __ _ 
44. •• . . • . _ .. . • .. . __ . __ . 

Characteristic time at mass flow 
ra[es (Ibjsec f(2) of-

2.2 

sec 
2.2 
1.3 
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FIGU RE 6. Typical Tec Q1'd of the response of a ChTomel-Alumel 
thermocouple. 
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worth while. Some typical results obtained for bare, 
untwisted Chromel-Alumel thermocouples are pre
sented in Lable 1, merely to give an idea of the magni
tudes of the characteristic times with which the 
designer of control equipment for jet engin es must 
cope. 

Examination of all the results obtained to date 
indicates that the effect of flow rate upon characteris
tic time is approximately the .same for all instru
ments studied, and that the ratIO of the characten~
tic times of any instrument at two flow rates IS 
approximately proportional to the square root of the 
ratio of these mass flow rates. 

From many measureme!lts of characteristic t i~e 
under experimental conditIOns, su ch that the pnnCl
pal heat transfer was by forced convection, it is 
apparent that the value observed for any partIcular 
instrument. is essentially independent of the tempera
tures employed during the tests. T ypical results 
illustrating this fact are shown in table 2. These 
results are for aNa. 20 gage bare thermocouple, the 
junction of which was a bead of approximately twice 
the wire diameter, !md for a mass flow rate of 6 
Ib/sec ft2. 

TAB LE 2. Effect of operating temperature range on observed 
characteristic time, when heat is transferred by forced con
vection 

Ru n 
'l'cmperature Characteristic 

1------.----1 time (flow rate 

OF 
1. .................... 300 
2... ....... ........... 400 
~. . .. . . ..... . ......... 600 
4. .................... 700 

avg .•................. 

OF 
1,000 
1, 200 
1, 200 
1, 500 

G IbiSCC ft 2) 

sec 
1.1 
1. 2, 
1.1 
1.2 

1. I , 

The present equipment was designed primarily to 
subject th e test junction to a sudden increase in 
tempcrature. By heating the test junction electri
cally while it was surnlUnded by the Inconcl tube, 
then subjecting it to a stream of unheated air, char
acteristic times for the cooling process were obtained. 
Results agree with the prediction of the theory that 
applies for the case of h eat transfer by forced con
vection, in that the characteristic time at a given 
mass flow is the same, whcthcr the instrument be 
heated or cooled . 

VI. Conclusion 
The characteristic time of a temperature-sensing 

element immersed in the gas stream of a turbine-type ~ 
engine depends primarily on the mass flow rate , and 
is essentially independent of the temperature level, 
of the temperature difference over which it is meas
ured, and of the direction of net h eat flow. This is 
true primarily because the rate of h eat transfer by 
forced convection is large compared with the rates 
of transfer by radiation and natural convection . t; 
'Where radiation and natural convection are the 
controlling processes, the rate of response of an 
object to sudden changes in temperature depend 
greatly upon the actual temperatures involved. In 
the case of heat transfer by radiation only, different 
rates are obtained when the object is heated and 
cooled between the same two temperatures. There
fore, values of characteristic time that are significant 
in engine applications must be determined. with 
equipment in which the mass flow rates apprOXImate 
t hose prevailing in engines. 

Apparatus of this kind is described in detail , and 
some typical results are presented. Results with a 
wide variety of instruments confirm the conclusion 
stated above. 

The rate of response of a temperatme-sensing ele
ment in the gas stream of an aircraft gas turbine 
varies greatly with the altitude of flight and with the 

. engine speed. Adequate protection of the power 
plant requires a control system that will respond 
with the necessary rapidity during starting of the 
engine and at the flight ceiling. If this is accom
plished, then the protection provided at all other 
altitudes and engine speeds should be more than 
adequate. 
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