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PROCEDURE

Calibration Tests

A mumber of preliminary investigations were mede in order to
check the Instrumentation. .

Air-flow measurements. - The flow nozzle at the heater-tube
entrance was calibrated for the unheated condition by using the
large surge tank as an alr reservolr. Air was allowed to flow from
the surge tank through the nozzle; the pressure at the nozzle
entrance was held constant. The pressure and temperature in the
surge tank were recorded at selected time intervals; by use of the
equation of state, the flow rate was obtained. The flow rates. so
obtained were from O to 2 percent higher than the values calculated
from A.S.M.E. equations. The rotameter, which had been calibrated
by & gasometer, showed about the same deviation from the calculated
flows.

Tube-wall-temperature measurements. - In order to determine
whether errors existed in tube-wall-temperature measurements due
to the current in the heater tube, power was supplied to the tube
with no air flowing until a predetermined wall temperature, as
indicated by the thermocouples,was obtained. The power was then
shut off and the readings of several thermocouples were recorded at
S5-second intervals. The temperatures determined by extrapolation to
zero time of the temperature ageinst time curve thus obtained for
each thermocouple agreed with the temperatures read just prior to the
power shutoff; hence it was concluded that the current had no effect
on wall-temperature measurements. _

Heat losses. - The heat loss from the tube wes obtained for the
range of tube-well temperature by supplying various amounts of
power to the heater tube with no air flowing through the system.
After equilibrium conditions had been maintained for approximately
1/2 hour, the power input and all tube-wall temperatures were
recorded. The power input for a given average wall temperature with
no flow was considered to be the heat loss for the same average wall
temperature with air flowing in the tube.

Heat-Transfar Tests

Investigations were conducted to obtain surface heat-transfer
coefficients and the associated static-pressure drops for average
inside-tube-vall temperetures from 220° to 1240° F (corresponding
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maximum local wall temperatures, 250° to 1500° F), Reynolds numbers -
fron 10,000 to 250,000, and the tube-exit Mach numbers up to 1.0.
The air temperature at the tube entrance was about 85° F and the
pressure varied from 15 to 45 pounds per square inch absolute.

The experimental procedure was as follows: The entrance-air
pressure in the calming tank was set at the minimum value and power
was supplied to the heater tube until the desired tube-wall tempera-
ture was obtained. After equilibrium conditions had been maintained
for approximately 1/2 hour, all power input, pressure, and temper-
ature readings were recorded with the Franz thermocouple probe
retracted in the outlet mixing tank. The probe was then moved
upstream along the center line of the tube and the air temperature
was recorded et 4-inch intervals. This procedure was repeated
over the range of entrance pressure for five wall-temperature levels.

SYMBOLS
The following symbols are used in the calculations:

specific heat of air at constant pressure, (Btu/(1b)(°F))

P
D inside diameter of heater tube, (ft)

o] mase velocity of air, (1b/(hr)(sq £t))

h heat-transfer coefficient, (Btu/(hr)(sq £t)(°F))

k thermal conductivity of air, (Btu/(hr)(sq £t)(°F/ft))
ky thermal conductivity of Inconsl, (Btu/(hr)(eq £t)(°F/ft))
L effective heat-transfer length of heater tube, (ft)
Ap static-pressure drop across heater tube, (1b/sq ft)
Q rate of heat transfer to air, (Btu/hr)

Ry inner radius of heater tube, (ft)

R, outer radius of heater tube, (ft)

<] heat-tranefer area of heater tube, (0.211 sq ft)

Ty total air temperature at entrance to heater tube, (°F)
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T, total alr temperature at exit of heater tube, (°F)

T average bulk tempersture of air, (T, + T,), (°F)

T, average inside-wall temperature of heater tube, (°F)

Ty average outside-wall temperature of heater tube, (°F)

S bulk velocity of air, (ft/hr)

W air flow, (1b/hr)

n absolute viscosity of air, (1b/(ft)(hr))

p density of air, (1b/cu f£t)

pl/pz ra.tig of densities at entrance and exit of heater tube

0y ratio of density at tube entrance to standard sea-level
density, p,/0.0765

cpp./k Prandtl mumber

hD/k Nusselt number

DG/u Reynolds number

Py V,D/u, modified Reynolds mumber

Subscripts:
b physical properties of air evaluated at average bulk
. temperature (aversge total tempereture Ty )
8 physical properties of air evaluated at average inside-

wall temperature Ts

METHODS OF CALCULATION

Temperatures. - The average outside-tube-wall temperature To
was obtained by plotting curves of -temperature against tube length,
measuring the area under the curve, and dividing by the tube length.
The plotted values of temperature were the average of the two thermo-
couples located 180° apart at each of the 15 stations along the tube.
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The average inside-tube-wall temperature T, was calculated
from the outside-tube-wall temperature, the heat flow, and thermal
conductivity and physical dimensions of the tube by the following
equation, which can be derived (reference 1) with the assuwptions
that heat i1s uniformly generated across the tube wall and that heat
flow is directed radially 1nward

Q, L R, 363‘ ) 312
> Ro loge Ry R > '
=Lk 1(R2 - 1

Ta‘Tb

When the dimensions of the heater tube and a value of 8.6

for the thermal conductivity of Inconel are substituted in this

equation

Ty = T, = 0.00107 Q

A constant value of thermal conductivity was used because of
lack of data on variation with temperature. The error introduced
is negligible inasmuch as the difference between inside- and
outside-wall temperature is small compared with the difference
between average wall and air temperature (for example, maximum
value - 23° P temperature difference between outer and inner wall
at 940° F temperature difference between wall and air).

The average bulk alr temperature T, was taken as the arith-
metic mean of the total temperatures T; and T, of the alr meas-
ured in the inlet and the outlet tanks.

Heat-transfer coefficients. - Average heat-transfer coeffi-
cients h were calculated from the following equation:

We b(T we (T, -T,) .

oy

The use of average air temperature in computing the heat-
transfer coefficient is considered satisfactory inasmuch as the
temperature rise of the tube wall along its length, neglecting
the end points, was about equal to the rise in air tewperature
from inlet to outlet, as will be shown later.
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Physical properties of air. - The specific heat at constant

" pressure c,, the thermal conductivity ¥k, the viscosity u, and
the corresponding Prandtl number c.u/k used were taken from ref-
erence 2. These physical properties are plotted in figure 4 as
functions of temperature.

RESULTS AND DISCUSSION
Temperature Distribution

The axial distribution of outside-tube-wall temperatures along
the tube length for the condition of no air flow 1s shown in fig-
ure 5 for various amounts of electrical heat input. High tempera-
ture gradients exlst at the entrance and the exit of the tube as a
result of end conductlon losses through the electrical connector
flanges and cables; the temperature, however, is reasonably constant
along the greatest-portion of the tube length. The slight dips,
which occur in the curves between 8 and 12 inches from the tube
entrance, are not understood at this time.

Representative axial distributions of outside-tube-wall tem-
peratures are shown in figure 6 for five different amounts of total
electrical heat input at an approximately constant average Reynolds
number of 140,000, The Reynolds mumber was computed at the average
air temperature T, hence the air flow had to be increased with
increasing heat input and attendant Increasing exlit and average air
temperature in order to maintain constant Reynolds number. The
temperature increases almost linearly along the central 20 inches
of the tube and, similar to the no-flow case (fig. 5), decreases
sharply at both ends of the tube.

The distribution of unmixed alr temperature along the center
line of the tube, &s indicated by the Franz thermocouple probe, is
shown in figure 7 for the same conditions as figure 6. Included
in the figure at the 24-inch station are the mixed exit-alr temper-
atures as measured in the mixing tank. The unmixed air temperature _
increases almost linearly along the central 16 to 20 1inches of tube
length and levels off at both ends because of decreased tube-wall
temperature (fig. 6). The mixed exit-air temperature is higher
than the unmixed air tewperature indicated by the probe at the
24-inch station; the difference in temperature increases from 17° F
at the lowest heat input to 180° F at the highest heat input. These
differences in temperature might be explained by the existence of
large temperature gradients across the alr stream in the tube.
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Examination of figures 6 and 7 indicates that the rise in mixed
air temperature (fig. 7) 1is approximately equal to the increase in
wall temperature along the tube length if end effects are neglected
(fig. 6).

Heat Balance

The external heat losses from the heater tube as obtained from
figure S are cross-plotted against average outside-wall temperature
of the heater tube in figure 8. The average outside-tube-wall tem-
peratures were obtained by integration of the curves of figure 5.

A heat balance for all the heat-transfer experiments is shown in
figure 9 in which values of the heat transferred to the ailr

Bdcp’b(Tz - Tlﬁ plus the heat loss (obtained from fig. 8) are
plotted against electrical heat input. .

A good heat balance is indicated with a maximum deviation of
about 5 percent from the match lins.

Correlation of Heat-Transfer Coefficients

Correlation based on bulk temperatures. ~ Forced convection,
turbulent flow, heat-transfer coefficients for low viscosity
fluids are generally correlated by means of the familiar Nusselt
relation (reference 3) where Nusselt number divided by Prandtl

: c 4 0.4

number to a power (generally 0.4) (%2>///(}I%}Liﬁg is plotted
b b

against Reynolds number (DG/p,) &and in which the physical prop-
erties of the fluild are evaluated at the average fluid bulk tem-
perature. The results of the present investlgation are plotted in
this menner in figure 10. Included for comparison 1s the average
line (dashed) obtained in reference 3 from a correlation of the
results of various investigators and the average line (dotted)
corresponding to the correlation obtained in reference 4 for the
data of the same investigators using the same physical properties
(reference 2) used herein (fig. 4). The dotted lins was obtained
by transposition of the Stanton number plot of reference 4 to the
coordinates of figure 10 wherein Prandtl number was assigned a
value of 0.70 corresponding to the physical properties of air (fig. 4)
at a temperature of 120° F. The line corresponding to the corre-
lation of reference 4, although obtained for the same data, is
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lower than that of reference 3, undoubtedly because of use of differ-
ent physical properties. The lower line is considered preferable for
comparison with the correlation of the data of this investigation
inasmuch as the same physical properties are used.

A family of parallel lines for the different temperature levels
is obtained for the present data with slopes of approximately 0.8
at Reynolds numbers above approximately 25,000, At lower Reynolds
numbers the data fall off indicating the presence of transition.
The low temperature data (220° F wall temperature) are in good agree-
ment with the line of reference 4; however, the higher temperature-
data lines decrease progressively with increased wall temperature and
corresponding increased temperature difference between wall and air,

0.4

c
The values of <%%>///(-Ih{§;:9 for constant Reynolds number

decrease about 25 percént with Ilncrease in average wall temperature
from 220° to 1240° F.

Correlation based on surface temperature. - The data of fig-
ure 10 are replotted in figure 1l wherein the physical properties
are evaluated at the inside-tube-wall or surface temperature instead
of the air bulk temperature. This plot shows a similar separation
of the data with temperature level as obtained in figure 10 except

0.4

that the separation is increased; the values of (EED///(:IE€%11%>'
8 8
decrease approximately 40 percent as the tube temperature level
increases from 220° to 1240° F. If the physical properties were
evaluated at the film temperature (average of the surface and bulk
temperatures),the separation of the data with temperature level
would be between the 25 and 40 percent indlcated in figures 10 and

11, respectively.

Correlation based on modified Reynolds number. - A plot of
the data is shown in figure 12 wherein the physical properties are
again evaluated at the surface temperature but 1n addition Reynolds
number is modified by substituting the product of air density
evaluated at the surface temperature pg; and average air velocity
evaluated at the air bulk temperature Vyp for the conventional
mags velocity G or ppV,. In addition, the viscosity term in
Reynolds number 1is evaluated at the surface temperature. The rela-
tion between the modified and the conventional Reynolds number is
given by the following equation:
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“Hg He/\Pp/ Ty + 460, T + 450
This definition of Reynolds number is essentially similar to that
theoretically shown in reference S to be the correct value for
laminar heat transfer from & flat plate. This method of plotting
(fig. 12) results in a good correlation of the data for Reynolds
numbers above transition for all the temperature levels investigated
(average wall temperatures up to 1240° F and corresponding maximum

local wall temperatures up to 1500° F). The equation of the line ’
which represents the data for Reynolds numbers above approximately

10,000, 1is
hD °p,s “s) _ (ps b D> '

In figure 13 the data are replotted neglecting Prandtl number,

that 1is, hD/k is plotted against p VbD/u . A good correlation

is again obtained indicating that the variation of Prandtl number
with temperature (fig. 4) has little effect. The equation of the
line best representing the data is

0.8
8 Vb D)

D _ 5.018 <
Hg

kg

Pressure-Drop Correlation

The measured static-pressure drops across the heater tube are
correlated in figure 14 where the product of pressure drop and
entrance density (referred to standard sea-level density) divided

04 AP
by air flow to the 1.8 power —i—-é— is plotted against the ratio
W *

of entrance-to-exit density 91/92' The exponent of 1.8 on air
flow was obtained from preliminary logarithmic plots of O;Ap
against W for constant values of pl/pz . The air densities p,
(and corresponding O0,) and p, were calculated using static

pressure and total temperature at entrance and exit of the tube,
respectively. Total instead of static temperature was used in
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order to simplify the calculations involved in reducing the experi-
mental data. All the pressure-drop data correlate within a devia-
tion of about xl percent except for four points, which were obtained
at Reynolds numbers below 10,000. The equation of the lins through
the data is ’

Q

1Ap
.8

= 0,10 Bl - 0.044
Py

<

SUMMARY OF RESULTS

The results of the heat-transfer investigation conducted with
alr flowing through an electrically heated Inconel tube with a
rounded entrance, an inside diameter of 0.402 inch, and a length
of 24 inches over a range of Reynolds numbers up to 250,000 and
a range of average inside-tube-wall temperatures up to 1240° F
(corresponding maximum local tube-wall temperatures up to 1500° F)
showed that:

1. Correlation of the average heat-transfer coefficients
according to the familiar Nusselt relation wherein physical proper-
‘ties were evaluated at the average bulk temperature resulted in a
geparation with temperature level of the parameter Nusselt number
divided by Prandtl number to the 0.4 power; at constent Reynolds
number, the parameter decreased about 25 percent with increase in
average surface temperature from 220° to 1240° F. Evaluation of
the physical propertles at the average surface temperature reduced
the parameter by 40 percent for the same Increase in temperature.

2. A good correlation of the heat-transfer date wes obtained
for the entire range of temperatures when the viscosity g,

thermel conductivity kg, and the specific heat Cp,8 of the air
were evaluated at the average surface tempersture and the Reynolds
numbey was modified by substituting the product of air density
evaluated at the aversge surface temperature pg and velccity
evaluated at the average air bulk temperature Vyp for the conven-

tional mass velocity G. The equation of the line representing
the data for Reynolds numbers above 10,000 is

0.4 0.8
Q) / <.2:__° 8 “5) = 0.022 <___‘?° A D)
Kg Ky ) Hg
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Satisfactory correlation was also obtained neglecting Prandtl num-
ber in which case the equation for the line fitting the data is.

0.8
V. D
i _ 5 018 (—*’—3—>

) Hg

3. The pressure-drop data were correlated by plotting the
product of static-pressure drop Ap and entrance air density
(referred to standard sea-level density) 0, divided by air flow
W raised to an exponent against the ratio of entrance-to-exit
density py/pp. The equation representing the data within a

+] percent deviation for Reynolds numbers over 10,000 1is

c,4p Py
=5 = 0,10 5= - 0.044
2.8 = 0:10 5

Flight Propulsion Research Laboratory,
National Advigory Committee for Aeronsutics,
Cleveland, Ohio.

REFERENCES -
1, Bernaxrdo, Everett, and Eian, Carroll S.: Heat-Transfer Tests of

Aqueous Ethylene Glycol Solutions in an Electrically Heated
Tube. NACA ARR No. ESFO7, 1945. .

2. Tribus, Myron, and Boelter, L. M. K.: An Investigation of Aircraft
Heaters. II - Properties of Geses. NACA ARR, Oct. 1942.

3. McAdams, William H.: Heat Transmission. McGraw-Hill Book Co.,
Inc., 2d ed., 1942, p. 168. ‘

" 4. Drexel, Roger E., and McAdams, William H.: Heat-Transfer
Coefficients for Air Flowing in Round Tubes, in Rectangular
Ducts, and Around Finned Cylinders. NACA ARR No. 4F28, 1945.

S. Eantzeche, W., and Wendt, H.: Die laminare Grenzschicht der
ebenen Platte mit und ohne Warmelibergang unter Berticksichtigung
der EKompressibilitat. Jahrb. deutschen ILuftfahrtforschung,
1942, S. 140-150.



15

E7L3I

NACA RM No.

*gnyededds Tsjusutaedxe JO jueweIUBJILB FUTMOYS WBIBETP O[IBWOUIS - *T ©an3dTd

e

SATBA
Suj3zsTndoa
-eamssadd x x x
L —- Jeuse1)y ae389yedd eATBA
: _ Huwq wﬁau GHﬁMO.H .
| adang ~3anEsaad
X ﬁ.
~
JQULIL JSUBIY X x %
’ ojny
£1ddns eto4ho mm
‘370A 802 JOWIOJEUBIY JOMOJ aejoumioy / N
A R JOULIO J8UBIY |
juedany :
J07 eumry
v

§67JJ8qQ wcﬂnaznluw

Tz | |
oanhﬂﬂﬂmmmmm = ” “~uux -—
ZueJId A”. 1
N c D |
1" =#ues Surxtn

dejeudysp| m

X _,

oqny J038eH

x -

)

J030W] TOA

/&Eﬁﬂg

T1z2zou
noTd

Buiwyre)

seTdnooowaey],




E7L3I

NACA RM No.

16

*8UO0T38O0T mmplopsmmopn_vcd eTdnooomIsoyz JuUTMOYs UOT3088 3883 JO weJIJBTP OF3BWEYUDS - °Z aandSTd

e

seTdnooouxey, x

.60TQ8d T8OTJI308TH

803UBTJ J0100UUO0D TBOTI308TH

se3uBTJ oqni=Ja538BoH

\

o’ 02 0%

900 90% %00 594 949, 94% 00%5909,9 9 &

rooooooooo,o 2%0% o%a® oooooofeoou

° oooooookﬁuooo 0% Pc*9f

JuUowe

Butysnsug

_III ue

i

sdsej
eanssadd-07383

spTetus coﬁm%aL
wb3 uaduet

J0JSUBI3~38BOY OATF00JJH — o

x ) . mOTJ
R A e e w12
cetd? 09°0%2020"d%0® & £ 0%° & 2% 7% 0 & o°6°° *[0% 2 %0%0° 02024201 % * e ¢ oooeoeooooon..o
WENED ! © 04
u.. “o.....”. N\ 1 | g220 uu e1zzou
HETNN " - _ i 2 uoTd
|




17

E7L3I

NACA RM No.

Ly-& -0l
G2661 -0

*ud|je| |e3SuUl 8QN3}-J83BBY JO MIIA |eJdud) -~ ‘¢ aunbiy




NACA RM No. E7L3I

.28 Kﬂw L2258 ARASARAASLRASSE BAARY "u. \AS AL RAASERAARERAALAE AARSS AASAS ARALS AALASS '-"-‘
= a A~ 3
& 3 1 E
= C A 3
3 27 ,050F—Y /, 3
> E N /,,z 3
2 3 Z
‘ o -
;‘; 26 .046F - 3
o 4
iy - \\ // :
S 3 L L epn / 3
£ +25 042} /&.\‘k 3 <120
3 e 3 _— / 3
Lal 2 - — -
O — E
o Fre E L 74 -
8 .2¢% 038 p—F— < ~—1
TE /| i
e 4 v 3
o - -4
a F / / 3
= .034F 4 / . 3100 ~
g E / A 3 &
7 3 =
I x/ pd E
@ 030 - 4 v . ~ .
- P / / 3 ﬂ
™ - 3
- - - -
» 3 // 3 4
< .026F 7 g 4 .080 2
> 3 E I
::_‘, : . / //U. . :
g |V E -
g - / A = a
g .022 F / / 3 &
7 F 4 L7 13
A4 EE I
& .o18F 4 1.060 2
E 3 <
- // E
014 f /// 3
E ]
E _ NACA 3
.010 suducdunlunlopbhodlundooloodocdoo g aasalsasariaalaag «040
0 200 400 600 800 1000 1200 1400 1600

Temperature, °F

73

l71

.69

«67

+65

«63

Prandtl number, cpu/k

Flgure 4. - Varlation of specific heat cp, thermal conductivity k, absolute viscosity W,
and Prandtl number cpu/k of alr with temperature, (Data from reference 2.)



20 NACA RM No. E7L3I

Electrical heat input
(Btu/hr)

1600

pu——" 1715 | /0’“0\

// L K

REAREEEE \
| o AN |

1200 \

. LA HRN
. // 734 .- e \
L T T L I
B V4 ' \\X
[ 1§ 1 ] el AN |
LA ' AN
‘ é / / 210 | \\“

3 — ‘ N

400 '

109 N N
/{I 1 57x_,——x————x—_,_ .

” " 204 !-—-H\E‘
4 1 ‘

o . 4 8 12 16 20 24
Distance measured from entrance of tube, in.

Figure 5. - Axial distribution of outside-tube-wall temperature for
various amounts of electrical heat input with no air flowe.
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Figure 6. - Representative outside-tube-wall temperature distributions
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Figure 14, - Correlation of the measured static-pressure drops across
the -heater tube for various air-flow rates and heat-transfer rstes,
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NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS

RESEARCH MEMORANDUM

HEAT TRANSFER FROM HIGH-TEMPERATURE SURFACES TO FLUIDS
I - PRELIMINARY INVESTIGATION WITH AIR IN INCONEL TUBE
WITH ROUNDED ENTRANCE, INSIIE Dnmm-ﬁ; OF Q.4 INCH
AND LENGTH OF 24 INCHES

By Leroy V. Humble, Warren H. Lowdermilk .
and Milton Grele

SUMMARY

A preliminary heat-transfer investigation was conducted with
air flowing through an electrically heated Inconel tube with a
rounded entrance, an inside dlameter of 0.402 inch, and a length of
24 inches over a range of Reynolds numbers up to 250,000 and a
range of average inside-tube-wall temperatures up to "1240° F. The
corresponding me. imum local tube-wall temperatures ranged up to
1500° F.
, Correlation of the heat-transfer data by the conventional
method wherein physical properties of the air were evaluated at the
average bulk temperature resulted in a reduction of Nusselt number
of about 25 percent for an increase in average surface temperature
from 220° to 1240° F at constant Reynol®s number. A good correla- °
tion of the data for the entire temperature range was obtained,
however, when the physical propertlies of the alr were evaluated at
the average surface temperature and the Reynolds mumber wes modi-
fied by substituting the product of air density evaluated at the
average surface temperature and veloclity evaluated at the average
alr bulk temperature for the conventlonal mass flow per unit cross-
seé¢tional area.

Static pressure drops were obtalned for all operating condi-
tions and were satlsfactorily correlated with air flow rate and
the ratio of entrance-to-exit density.
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INTRODUCTION

Most of the fundamental data available on forced convection
heat transfer between surfaces and flulds have been obtained at
relatively low temperatures and heat-flux densities and do not
extend into the range of high temperatures and fluxes that are of
interest in many current engineering applications. The accuracy of
extrapolation of the existing data to high-temperature and high-flux
conditions is doubtful because of the possible existence of extreme
temperature and velocity gradients in the fluid film, changes in
physical properties of the fluid, and radiation effects that may
become important for the case of surface-to-gas heat transfer;
changes in boiling phenomenon will markedly affect surface-to-
liguid heat transfer.

Accordingly, an experimental investigation has been instituted
at the NACA Cleveland laboratory to obtain surface-to-fluid heat
transfer and assoclated pressure-drop information over a range of
temperatures and heat fluxes. As part of the general program, an
investigation 1s being conducted with air flowing through an elec-
trically heated Inconel tube having an. inside diameter of 0.402 inch
and an effective heat-transfer length of 24 inches. Experiments
have been conducted with a rounded tube entrance over ranges of
Reynolds numbers up to 250,000, average tube-wall temperatures up to
1240° F with corresponding maximum local tube-wall temperatures up
to 1500° F, heat fluxes up.to 100,000 Btu per hour per square foot,
and tube-exit Mach numbers up to 1.0.

Tne results of these preliminary investigations, which were
obtained during the fall of 1947, are reported herein. Average heat-
transfer coefficlents are correlated in accordance with the familiar
Russelt relation and with a modification thereof; pressure drops are
correlated with air-flow rate and density changes. The correlation’
of these preliminary data, although very satisfactory, will be sub-
Ject to further investigation over a greater range of conditions.

APPARATUS
A schematic diagram of the heater tube and the associated
equipment used in this investigation is shown in figure 1.

Heater Tube

The details of the heater tube are shown in figure 2. The
test section consists of an Inconel tube having an inside diameter
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