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The hot gas ducts A -and B of HENDEL, whose completion is in March,
1982, are instaliled 1in Adapter'seciion. The hot gas duct A-of 15 m
in length connects the secohd-stage He gas heater H32 and the Tirst-
stage He gas cooler C31. Thermal performance tests of hot gas ducts
have been carried out in the preliminary and six cycle operations since
March, 1982. By measuring temperatures of the pressure tube and internal
thermal insulation as well as heat flux distributions at the surface
of the duct, an experimental correlation of the effective thermal
conductivity of internal insulation, was cbtained. Heat loss from
the hot gas duct was measured by means of heat flux meters.

In order to check the experimental results, especially the effective
thermal conductivity obtained by heat flux meters, supplemental tests
were conducted with a modified hot gas duct A, which was previously
cooled by natural convection of air and changed to be cooled by forcea
convection of air, because heat loss from the hot gas duct was easiiy
calculated by the temperature rise and flow rate of cooling air.

This measurement was applied to the tests conducted in No. 7 - 9
cycle operations of HENDEL, from March to July, 1984.

This report describes the results.

Keywords : High-temperature, Gas-cooled Reactor, Helium Gas Loop,
Hot Gas Duct, Pressure Tube, Thermal Insulation,
Effective Thermal Conductivity, Heat Flux
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Introduction

In order to check the experimental results, especially the
effective thermal conductivity of the internal thermal insulation
layer obtained by heat flux meters in the previous tests, supplemental
tests were conducted with the modified hot gas duct A. The cooling
method of the hot gas duct A was changed from natural convection
of air to forced convection of air. This modification makes it
possible to measure heat lToss from the hot gas duct by temperature
rise and flow rate of cooling air.

During No. 7 - 9 cycle operations of HENDEL, from March to July,
1984, thermal performance tests of the modified hot gas duct A
were carried out, and the test results were compared with the

previous data.
Objectives

Objectives of the tests of the hot gas duct A with the air-

cooling channel, are as follows:

(1) Measurement of effective thermal conductivity by the air-
cooling method

(2) Comparison of the effective thermal conductivities obtained
by the previous and present tests

(3) The effect of He gas pressure on the effective thermal

conductivity of internal insulation layer
Test apparatus

A test apparatus consists of an air supply system, an air-
cooling channel and a measuring system. A flow sheet of the test
apparatus. is shown in Fig. 1 and the main items in Table 1.

3.1 Air supply system

The air supply system consists of a 7.5 kW blower, air piping,
valves and orifice flow meters. The blower supplies air of
atmospheric pressure at the maximum flow rate of 30 Nm®/min.

Air flows in four pipes which are connected to the air-cooling
channel. Each pipe has a flow control valve and an orifice meter.

_1._
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3.2 Air-cooling channel

The hot gas ducts A and B were of single tube type with
natural air-cooling. The cooling method of the half of hot gas
duct A, however, was changed to forced air-cooling. Figure 2
shows the modified hot gas duct A with four subchannels which
consists of a first elbow, a vertical tube, a second elbow and
a horizontal tube. The cross-sectional view of air-cooling
channel is shown in Fig. 3. The air-cooling subchannels surround
the outside of pressure tube of hot gas duct. Each subchannel
is isolated by separating plates. Flow rate of each subchannel
is controlled individually by the control valve. Heat loss
from hot gas duct to each subchannel is calculated from temperature
rise and flow rate of cooling air. In order to prevent heat loss
from air-cooling channel to the atmosphere, the air-cooling

channel is covered with thermal insulation.
3.3 Measuring system

(1) Temperature measurement
Temperature of air is measured at mixing headers which
are installed at the end of eaéh subchannel. At the outlet
of each mixing header, twenty thermocouples of K-type (C.A.-
thermocouple) are installed circumferentially at an equal
interval. Mixed mean temperature of air is also measured
by K-type thermocouples at the Tocations shown in Fig. 2.
(2) Flow measurement
Flow rate of air in each subchannel is measured with
an orifice plate.
(3) Data processing system
Data processing system is shown in Fig. 4. A'data Togger
of HP-3497A and a mini-computer of HP-9845C are the main
parts of the data processing system which connect an extender
of HP-37203A.

4, Test conditions

Test conditions of No. 8 - 9 cycle operations are shown in
Table 2 - 3.
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Test results.

Effective thermal conductivity of internal thermal insulation

A heat flux at the pressure tube of each subchannel is
obtained from the difference of inlet and outlet temperatures -
and flow rate of air.

j + number of subchannel:.

Then the effective thermal conductivity of internal thermal
insulation is calculated by the following equation: '~

i q.r0:1n(rd/r{)
Meff T ' | (3)

Twi._ Two

Figure 5 shows a relationship between effective thermal
conductivity of internal insulation layer and flow rate of air,
when He gas pressure and flow rate are 2.0 MPa and 0.5 kg/s
respectively.

Fffective thermal conductivity of internal thermal insulation
itself essentially can not be affected by ambient air flow. However,

_the measured effective thermal conductivity in the case of

2 Nm3/min was by about 25 % as low as those in the other cases.

The differences might be attributed to some errors in measuring
Tow flow rate of air with a large orifice flow meter of 15 Nm®/min
in full scale and also to large varjation in temperature of the
pressure tube. Therefore these data were excluded.

As for the effective thermal conductivity of the vertical
tube, it was slightly higher than that-of air and temperature
of He gas. ‘ : ' ' '

The effective thermal conductivity of internal thermal insulation
measured in the present test is shown in Fig. 6 and the
one measured in the previous tests. The average value of effective

—3—
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thermal conductivities for horizontal and vertical tubes in the
previous tests agree well with those in the present tests.

However, the difference of effective thermal conductivities
between the previous data of horizontal and vertical tubes is
much larger than present data. In the previous tests, effective
thermal conductivity of vertical tubes was by about 35 % as large
as that of horizontal tubes. While, in the.present tests, effective
thermal conductivity of vertical tubes was only 2.5 % as 1ar§e
as that of horizontal tubes. The difference between the both
results seems to be caused by the following reasons:

(1) In the previous tests, heat flux meters were placed at the
ordinary part of the pressure tube, not at the internal
structure parts {stud, separating plate, etc.). That is,

. the data obtained in-thé previous tests correspond to the
thermal conductivity of internal insulation Tayer itself.
On the other hand, the data obtained in the present tests'
are the average thermal conductivity of both ordinary and
internal structure parts.

(2} In the present tests, thermal conductivities of horizontal
and vertical tubes might be affected by the elbow.

However, it would be very difficult to conclude which result
is more reliable, because the accuracy of both methods seems to
be nearly the same. For instance, the standard deviation of the
previous data is about 0.013 which is nearly the same as the pfesent

. data.

The relationship between the effective thermal conductivity and

He gas pressure is shown in Fig. 7. The effective thermal conductivities
- of both vertical and horizontal tubes are almost the same in
-a pressure range of 1.0 - 4.0 MPa.

Temperature of air

‘Average temperature of air at the inlet and outlet of each
subchannel was calculated from the readings of five thermocouples.

+Figures.8 - 15 show- temperature distributions of air in the flow

direction. Temperature of air increased almost linearly

74L
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in the flow direction and those of four subchannels were nearly the

same.
5.3 Tempearture of the pressure tube

Temperatures of the pressure tube were measured at inlet, middle
and outlet locations of each subchannel. Two thermocouples were
fixed on the pressure tube at each location. The average témperture
of two thermocouples was used as the temperature of pressure tube
at each location.

Figures 16 - 23 show temperature distributions of the pressure tube
in the flow direction. The temperature difference in the circumferential
direction was found remarkable. As flow rate of air decreases,
temperature variation ranges in both axial and circumferential
directions become larger. The maximum d1fferences in both directions
are about 50°C and 30°C respectively when temperature of He gas is
950°C and flow rate of air 8.0 Nm?*/min. This might be due to the
effect that flow distribution in the four subchannels was not uniform.

Similar results were reported in the test with a coaxial hot
gas duct(q). In the case of coaxial hot gas duct, if flow distribution
in an annular passage is not uniform, a large temperature difference
will appear around the inner tube. A flow straightner might be

necessary at an equal 1nterva1 in the axial direction.
6. Conclusion
The following conclusions were derived.

(1) Effective'thermal conductivity of [Gnternal thermal insulation
obtained from temperature rise and flow rate of air was approximately
constant when flow rate of air was 4 - 8 Nm*/min.

(2} Effective thermal conductivity of the vertical tube was by 2.5 %
as high as that of the horizontal tube. This difference was

“emaller than that of the previous data obtained with heat flux
meters. However, average effective thermal conductivity of the
vertical and horizontal tubes agreed well in both previous and

present tests.
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(3) Temperature of air increased Tinearly in the flow direction.

(4) Temperature of the pressure tube varied much in both axial and

circumferential directions. These temperature variations depend

on flow patterns of air.

(5} In the case of coaxfal hot gas duct, it is important to get uniform

(1)

flow distribution in order to prevent hot spots at the surface of

pressure tube.

Nomenclature

Surface area of hot gas duct in each subchannel

Specific heat of air

Flow rate of air in each subchannel

Number of subchannel

Heat flux per unit area of pressure tube in each subchannel
Average heat flux per unit aréa of pressure tube A
Inner radius of internal insulation layer

Quter radius of internal insulation Tayer

InTet temperature of subchannel

Jip out(j) : QutTet temperature of subchannel

Average temperature of liner tube
Average temperature of pressure tube
Effective thermal conductivity of internal insulation

References

Japan Atomic Energy Research Institute : Status of R & D on VHTR
in JAERI (1980-1983).

Hishida, M et al. : Thermal Performance Test of the Hot Gas Ducts
of HENDEL (in Japanese), JAERI-M 83-180 (1983). |
Kunitomi, K et al. : Temperature Distribution Measurément in the
Hot Gas Duct of HENDEL (Results of Test No.l Cycle and No.2 Cycle
Operations) February, 1982 - October, 1982, (1983).

Ohkuma, T et al. : Analysis of Coaxial High-Temperature Gas Duct

by Beam Theory (in Japanese), JAERI-M 8775 (1980).
_6__



JAERI-M 85008

Table 1 Main items of the test apparatus

Flow rate of air in subduct

3 - 7.5 Nm3/min

Maximum temperature of air 150 °C
Blower

Moter power _ 7.5 kW
Pressure head 600 mm aq
Orifice flow meter

Maximum pressure drop 200 mm aq
Number of measuring locations

Temperature of pressure tube 176
Temperature of air 100

Heat flux of preséure tube 12 B
Flow rate of air 4

Table 2 Test conditions of the hot gas duct {No.8 cycle operation)

J——

~. ltem Heater 3y Flowrate of Pressure of Flowrate of

| Test Now_ | Outlet temp. | He gas(kg/s) | He gas (MPa) air(Nm?/min)
| 1 500 °C 0.5 2.0 2.0
L

2 500 | 0.5 2.0 4.0

3 500 0.5 2.0 6.0
L 4 500 0.5 2.0 8.0

5 950 0.5 2.0 2.0
B 6 950 0.5 2.0 4.0
! 7 950 0.5 2.0 6.0

8 950 | 0.5 2.0 8.0
L
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Table 3 Test conditions of the hot gas duct (No.9 cycle operation)

\\\\\\iii? Heater H,, Flow rate of Pressure of | Flow rate of
Test Nox | Outlet temp. He gas (kg/s) We gas (MPa) air (Nm3/min)
1 450 °C 0.5 1.0 8;0
2 450 0.5 1.0 6.0
3 950 0.5 1.0 8.0
4 950 0.5 1.0 6.0
5 950 0.5 4.0 8.0
6 950 0.5 | 4.0 6.0
7 850 0.5 4.0 8.0
8 850 0.5 4.0 6.0
9 750 0.5 4.0 8.0
10 750 0.5 4.0 6.0
11 650 0.5 4.0 8.0
12 650 G.5 4.0 6.0
13 550 0.5 4.0 8.0
14 550 0.5 4.0 6.0
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Separating plate
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Fig. 3  Cross-sectional view of air-cooling channel
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