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Abstract

In concepts for supercritical water cooled reactors, the reactor core is cooled and moderated by water at
supercritical pressures. The significant temperature dependence of the fluid properties of water requires
an exact knowledge of the heat transfer mechanism to avoid fuel pin damages.

Near the pseudo-critical point a deterioration of heat transfer might happen. Processes, that take
place in this case, are not fully understood and are due to be examined systematically.

In this paper a general overview on the properties of supercritical water is given, experimental
observations of different authors will be reviewed in order to identify heat transfer phenomena and onset
of occurrence. The conceptional design of a test rig to investigate heat transfer in the boundary layer
will be discussed. Both, water and carbon dioxide, may serve as operating fluids.

The loop, including instrumentation and safety devices, is shown and suitable measuring methods
are described.

1 Introduction

The High Performance Light Water Reactor (HPLWR) is a reactor concept of the 4th generation which is
cooled and moderated by water at supercritical pressures. The steam cycle of this reactor can be derived
from the state of the art technologies of supercritical fossil fired power plants. High steam enthalpies at
the core exit lead to higher cycle efficiency and a strong reduction of components of the steam cycle.

The core concept elaborated by Schulenberg et al. [1] contains a three pass core, in which the
coolant is heated up in several stages with intermediate mixing comparable to modern fossil fired plants.
The coolant passes the evaporator and two so-called superheaters while being heated from 280◦C to
500◦C at a system pressure of 25 MPa. Figure 1 shows the flow paths and the core assembly. Under
these conditions the state of water changes from liquid to steam without boiling. Therefore, boiling
crises in the core can be physically excluded, steam separators or primary pumps, as required in boiling
water reactors, are not necessary. At the end of the 1950s there were already plans for nuclear power
plants with supercritical coolant [2]. But in these days there were no adequate materials available which
could withstand the thermal, mechanical and nuclear load. For other technical applications, like fossil
fired power plants or installations for cleaning liquid waste, a high need of research existed. Therefore,
many different experimental and theoretical investigations were executed. In these experiments different
changes in the heat transfer occurred which have not been fully understood until today.

Especially the deterioration of heat transfer (DHT) and its onset is important to know, because sur-
face overheating caused by deteriorated heat transfer (DHT) may lead to fuel pin damages. Experiments
indicated that DHT may appear near the pseudo-critical point, where the strongest changes of physical
properties take place. Thus, it is necessary to investigate the mechanism of heat transfer in supercritical
water at temperatures near this pseudo-critical point.



Proceedings of the International Youth Nuclear Congress 2008

Figure 1: Arrangement of the HPLWR-Core

Temperature measurement in previous experiments was solely at the wall of the test tube, but not
in the boundary layer which plays a decisive role for modeling deteriorated heat transfer.

Experiments at a test rig to investigate heat transfer in supercritical fluids shall provide data to
validate the CFD-analyses and physical explanations for the DHT. Fluids water and carbon dioxide
(CO2) can be used because related phenomena occurred in earlier experiments. Process parameters of
CO2 are easier to handle because pressure and temperature are lower. The critical point of water lies at
Tc = 373.9◦C and pc = 22.06 MPa, the critical point of CO2 lies at T = 31◦C and p = 7.37 MPa. The
main focus lies on water, because water will be coolant and moderator in the HPLWR.

2 Heat Transfer at supercritical pressures

An analysis of experimental data shall give a summary of changes in heat transfer. All following reflec-
tions refer to the fluid water.

The properties of water change strongly near the pseudo-critical line, which is defined by the max-
imum of specific heat capacity cp at pressure ranges above the critical pressure pc. Figure 2 shows the
property changes for different pressures. The temperature related to the supercritical pressure is called
pseudo-critical temperature Tpc.

Besides the maximum of heat capacity, also other properties change significantly. The specific en-
thalpy rises with growing temperature, the density falls strongly with increasing temperature (in the field
T = 300 - 500◦C approx. by the factor seven), dynamic viscosity decreases as well (in the field T =
300 - 500◦C approx. by the factor three). Characteristic of thermal conductivity is the decrease with
rising temperature, but close to the pseudo-critical point it rises. With higher temperatures the thermal
conductivity decreases strongly again. At high pressures, this maximum is less pronounced compared to
lower pressures. In the field T = 300-500◦C it falls approx. by a factor of six. Figure 3 shows of the
dependency of physical properties on temperature.

The strongest influence of the temperature on the heat transfer can be observed if the pseudo-critical
temperature lies just between the wall temperature and the bulk temperature (Tb < Tpc < Tw). In this
case, the strongest property changes take place inside the boundary layer and thus affect e.g. turbulence
generation and transport of heat.

Heat transfer is defined here by the difference ∆T = Tw−Tb at constant heat flux q̇. If this difference
is constant over the full heated length, we have

’
normal‘heat transfer. Simultaneously the heat-transfer

coefficient α = const. (see equation 1):

q̇ = α∆T = α(Tw − Tb) (1)

In the case of normal heat transfer, temperature profiles of wall and bulk temperature have a saddle
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Figure 2: Specific isobaric heat capacity of water

point near the pseudo-critical temperature Tpc. Figure 4 on page 5 shows these profiles with temperature
against enthalpy h. Ranges of enthalpy and temperature correspond to the analyzed data.

2.1 Enhanced heat transfer

In some experiments an enhancement of heat transfer appeared at low heat fluxes and near the pseudo-
critical enthalpy hpc. In figures 5 and 6 on page 6 two examples for this effect are given. The temperature
difference ∆T is decreased in comparison to normal heat transfer.

The reason for enhanced heat transfer is the peak in specific heat somewhere in the boundary layer.
Near the pseudo-critical point the heat capacity cp is rising strongly, thermal conductivity λ and dynamic
viscosity η are falling.

2.2 Deteriorated heat transfer (DHT)

An effect of deterioration of heat transfer is detected at high heat fluxes. Figures 7 and 8 on page 7 show
some experimental data where DHT appears. It can be recognized that the temperature difference ∆T is
higher than at normal heat transfer. In addition, the wall temperature is higher than the pseudo-critical
temperature whereas the bulk temperature is below the pseudo-critical temperature.

Kurganov et al. [6] gives different explanations to that subject. DHT at high heat fluxes correlates
with strong changes of properties of water over the pipe cross section. The heat transferring boundary
layer has an increasing importance with rising heat flux. Buoyancy effects can lead as well to high wall
temperatures even at low heat fluxes. Effects at the inlet may have positive and negative influence on
heat transfer (see [3]). Mechanisms, which lead to DHT, have not been fully understood yet.

Yamagata et al. [4] gave a criterion for critical heat fluxes to avoid DHT:

qcr = 0.2G1,2 (2)

qcr =

[

kJ

m2s

]

− kritische Wärmestromdichte

G =

[

kg

m2s

]

− Massenstromdichte

This function was derived for vertical upward flows in tubes with d = 10 mm for pressures between 22.6
and 29.4 MPa.
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Figure 4: Normal heat transfer of supercritical water with constant ∆T between wall and bulk temperature
[3]

Figure 5: Enhancement of heat transfer at low heat fluxes - Yamagata et al., 1972 [4]

352.5
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Figure 6: Enhancement of heat transfer at low heat fluxes - Swenson et al., 1965 [5]

Other criteria were given by Pioro et al. [7] with the ratio

q

G
≥ 0.4

kJ

kg
(3)

and Kirillov and Grabezhnaya [8] with the ratio

q

G
≥ 0.6

kJ

kg
(4)

These ratios were the result of the analysis of the related experimental data.

Figure 7: Deterioration of heat transfer (DHT) at high heat fluxes - Shitsman, 1963 [5]

Deterioration of heat transfer can be described as rising of the temperature difference between wall
and bulk temperature as follows from the definition of heat transfer. This includes cases when there are no
distinctive temperature peaks. Mechanisms causing the DHT seem to be manifold. Previous experiments
did not find one clear universal explanation of the occurrence of DHT. On that account new experiments
are necessary to get information about the mechanisms of DHT and to validate CFD-analyses with data
of velocity, temperature and turbulence parameters.
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Figure 8: Deterioration of heat transfer (DHT) at high heat fluxes - Herkenrath et al., 1967 [9]

DHT with strong temperature peaks is critical for HPLWR tube bundles because of a possible
overheating of the cladding tubes. Therefore, all experimental data, which were collected by Löwenberg,
were analyzed on DHT with wall temperature increase over 50◦C. Flow parameters were analyzed for
117 relevant series to get the specifications for the test section.

Pressures in these data lay between 20.50 MPa and 26.50 MPa. Tube diameters lay between 3 and
38.13 mm. Mass flux ranged from G = 362 kg

m2s at a series done by Shitsman to G = 3500 kg
m2s at a series

done by Herkenrath et al. Heat flux varied from qw = 200 kJ
m2s till qw = 1800 kJ

m2s .
The highest wall temperature could be detected at a series done by Ornatskii et al. At a mass flux

of G = 1500 kg
m2s , a heat flux of qw = 1630 kJ

m2s and a pressure of 25.50 MPa in a tube of d = 3 mm the
wall temperature rised till TW =682◦C after crossing the pseudo critical point at Tpc= 387◦C.

The minimal velocity lay at 0.39 m/s, the maximal velocity at 5.36 m/s. Reynolds numbers lay
between Re = 11,620 and Re = 884,484. Therefore, it is obvious in all experiments the flow was fully
turbulent.

2.3 Design requirements on a test rig

The design requirements for a test rig are determined by the results of the data analysis, other boundary
conditions and the demands of the CFD-calculations which shall be validated.

General demands:

• dimensioning for pressures till 25 MPa and mean temperatures to 400 ◦C in the bulk (process
parameters of the HPLWR)

• material has to withstand peaks of temperature to 800◦C at the heated wall

• optical access to detect velocity and temperature in the bulk, in the boundary layer and at the wall

– plain glass surface avoiding lens effects

– lense and camera have to be able to detect the layer near the wall up to a characteristic wall
coordinate of y+ ≈ 0.1 (requirements of the CFD-codes to properly resolve the boundary layer
[10])

• flow in the test rig has to be turbulent because in laminar flows there was no DHT detected

– reynolds numbers over 10,000
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• geometry of the test section has to be designed simple to give the possibility to reproduce it in
CFD-calculations

demands on test section dimension:

• with possible flow measuring methods for micro channels only limited velocities can be surveyed

– maximum velocity in the test section: v = 3 m/s

• the operating distance, which is related to the dimensions of the test section, has to be regarded at
the selection of the lenses to be able to represent all points in the channel

3 Designs and dimensioning a test rig to investigate the heat

transfer phenomena of supercritical water and carbon dioxid

There are two concepts of the test section geometry, a metallic channel and a glas channel.
An exterior view on a metallic channel is shown in figure 9.
The channel will be composed of V4A stainless steel (International steel no. 1.4571, EN: X6CrNiMoTi17-

12-2) which can be used to 700◦C. The preheated fluid will be inserted in the test section through two
inlets. It passes an inlet zone to avoid inlet effects in the region of the optical access. Across the complete
channel the fluid is heated continuously by a heating wire in the middle of the channel. In the region of
the optical access the change from liquid to gas takes place. Measuring of the flow parameters can be
done in this area. At the end of the test section the gas will be discharged through two outlets. The
adjustment of the heating wire will be done through accesses where micrometer screws will be fixed to
position the heating wire exactly. The sealing of the accesses of heating wire and alignment mechanism
will be done by stuffing boxes. Between glas and metallic components metallic sealings consisting of
gold foil, lead or graphite can be used. Along the entire length of the test section thermocouples will be
installed to measure wall temperature which is nearly identical to the bulk temperature.

The fitting of the components will be done by 16 extension bolts (DIN 2510) with strength category
12.9 and thread M12 design by AD-2000 standard [11].

Figure 9: Exterior view of the metallic channel

352.8
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An exterior view on a glas channel is shown in figure 10.
The preheated fluid will be inserted in the test section through two inlets. It passes a metallic inlet

zone which is followed by a glas channel. In the inlet zone and the glas channel the fluid will be heated
continuously by a heating wire in the middle of the channel. In the glass channel the transition from
liquid to gas takes place. Measuring of the flow parameters can be done in this area. At the end of
the test section the gas will be discharged through two outlets. The adjustment of the heating wire will
be done through accesses where micrometer screws are fixed to position the heating wire exactly. The
sealing of the accesses of heating wire and alignment mechanism can be done by stuffing boxes. Between
glass and metallic components there will be metallic sealings consisting of gold foil, lead or graphite.
Over the entire length of the inlet zone thermocouples are installed to measure wall temperature which
is nearly identical to the bulk temperature.

The fitting of the components is done by 4 extension bolts (DIN 2510) with strength category 8.8
and thread M12 designed by AD-2000 standard [11].

Figure 10: Exterior view of the glass channel

Dimensioning of the metallic channel Dimensioning is done by the substitution of the universal loga-
rithmic law of the wall, rovided that this is legal for supercritical fluids.

It is a precondition that the flow is fully developed and has a Reynolds number of minimum Re =
10,000. With this preset, an avaraged temperature near the pseudo-critical point, the properties of the
fluid at supercritical pressure and the geometrical dimensions of the channel the velocity v in the flow
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can be calculated with

v =
Re · η

ρ · dhydr.
(5)

Re − reynolds number

η − dynamic viscosity

ρ − densitiy

dhydr. − hydraulic diameter

dhydr. =
4A

UP
(6)

A − area of the tube cross section

UP − moistened circumference of the tube cross section

To calculate the characteristic velocity of turbulent flows, the shear stress velocity uτ , the wall shear
stress τW has to be specified. In single phase flow it is

τW = 0.3164
Re−1/4

4
·
ρ

2
· v2 (7)

The shear stress velocity is given by

uτ =

√

τW

ρ
(8)

The wall coordinate y+ can be calculated with

y+ =
y · uτ · ρ

η
(9)

Boundary value at the wall is y+ = 0.
From equation of continuity

ṁ = ρ · v · A (10)

using the mean velocity results the mass flow. Mass flow is an important feature for selction of the pump.
Furthermore the critical heat flux for DHT can be calculated by the criteria of Yamagata et al. (q.v.
equation 2), Pioro et al. (q.v. equation 3) and Kirillov and Grabezhnaya (q.v. equation 4).

The size of the channel is 6 mm high, 4 mm wide and 300 mm long. The heating wire is fixed in the
middle and has a diameter of 1 mm. The hydraulic diameter is therefore dhydr. = 4 mm.

For water with a temperature T = 648.15 K and a pressure p = 25 MPa the dynamic viscosity is
η = 58.26 · 10−6 Pa s and the density is ρ = 505.55 kg/m3. With Re = 10.000 yields

• velocity c = 0.29 m/s

• wall shear stress τw = 0.16 kg/m2s2

• shear stress velocity uτ = 0.018 m/s

• y+(y = 1µm) = 0.16

For CO2 with a temperature of T = 313.15 K and a pressure p = 10 MPa the dynamic viscosity is
η = 47.84 · 10−6 Pa s and the density is ρ = 628.7 kg/m3. With Re = 10.000 results

• velocity c = 0.19 m/s

• wall shear stress τw = 0.09 kg/m2s2

• wall shear stress velocitiy uτ = 0.012 m/s

• y+(y = 1µm) = 0.16

Mass flow for water and CO2 results to

• mass flow ṁwater = 0.2022 kg/min ⇒ volume flow rate = 24.000 l/h

• mass flow ṁCO2
= 0.1661 kg/min ⇒ volume flow rate = 15.848 l/h
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mass flow ṁ heat flux q [kJ/m2s] according to
[kg/min] Yamagata [4] Pioro et al. [7] Kirillov et al. [8]

water
0.2022 78.58 58.07 87.11

CO2

0.1373 62.04 47.69 71.53

Table 1: Results for heat flux

For this channel concept the pump has to deliver minimum 24 l/h. The result of the calculation
for heat flux are listed in table 1. From these heat fluxes the maximal power in the heating wire can be
calculated with

P = qw,max · A (11)

P − power in the heating wire

A − surface of the wire

(12)

The estimated maximum cooling load follows from numerical integration with steps of ∆T = 10 K with

Q̇ = ṁ · cp · ∆T (13)

Q̇ − cooling load

The maximal power in a wire with 1 mm diameter and a heated length of 30 cm is 82.10 W for
water, for CO2 it is 67.42 W.

The maximum cooling load at cooling down from 400◦C (water) and 80◦C (CO2) to 30◦C averages
7.83 kW (water) and 414.94 W (CO2). This cooling load can be dissipated by a cooling thermostat for
CO2. The fluid is driven throught a water quench in a wound tube. With water the cooling load has to
be dissipated by an external heat exchanger.

Dimensioning of the glass channel The dimensioning of the glass channel is done similarly to the
dimensioning of the metallic channel.

The glass channel has an interior edge length of 4 mm and is 100 mm long with a square cross-section.
To avoid high stresses in the edges of the channel radiuses are inserted. The edge radiuses have the size
of 1.0 mm. The heating wire in the middle has a diameter of 1 mm. The hydraulic diameter is therefore
dhydr. = 4.24 mm.

For water with a temperature T = 648.15 K and a pressure p = 25 MPa the dynamic viscosity is
η = 58.26 · 10−6 Pa s and the density is ρ = 505.55 kg/m3. With Re = 10.000 results

• velocity c = 0.27 m/s

• wall shear stress τw = 0.15 kg/m2s2

• shear stress velocity uτ = 0.017 m/s

• y+(y = 1µm) = 0.15

For CO2 with a temperature of T = 313.15 K and a pressure p = 10 MPa the dynamic viscosity is
η = 47.84 · 10−6 Pa s and the density is ρ = 628.7 kg/m3. With Re = 10.000 results

• velocity c = 0.18 m/s

• wall shear stress τw = 0.08 kg/m2s2

• wall shear stress velocitiy uτ = 0.011 m/s

• y+(y = 1µm) = 0.15

Mass flow for water and CO2 results to

• mass flow ṁwater = 0.1936 kg/min ⇒ volume flow rate = 22.711 l/h
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• mass flow ṁCO2
= 0.1590 kg/min ⇒ volume flow rate = 14.997 l/h

For this channel concept the pump has to deliver minimum 22.711 l/h. The result of the calculation for
heat flux are listed in table 2.

mass flow ṁ heat flux q [kJ/m2s] according to
[kg/min] Yamagata [4] Pioro et al. [7] Kirillov et al. [8]

water
0.1936 74.57 55.59 83.39

CO2

0.1590 58.87 45.65 64.48

Table 2: Results for heat flux

The maximal power in a wire with 1 mm diameter and a heated length of 30 cm according to
equation 11 is 78.59 W for water and 64.54 W for CO2.

The maximum cooling load at cooling down from 400◦C (water) and 80◦C (CO2) to 30◦C averages
7.41 kW (water) and 314.09 W (CO2). This cooling load can be dissipated by a cooling thermostat
for CO2. Similarly to the metallic channel in case of using CO2 the fluid is cooled down by a cooling
thermostat. In case of water the fluid is cooled down by an external heat exchanger.

Both concepts have to be heat insulated to avoid thermal stresses in glass and metal.

3.1 Stress analysis

Stress and deforming analyses were done with FEM software Ansys. Pressure was committed as p = 30
MPa, temperature with T = 22◦C. An examination for higher temperatures was not executed because
only limiting values for glas at ambient temperature were available.

Limiting tensile strength for fused quartz is 50 N/mm2, compression strength limit is 1150 N/mm2.
Values for metal are 500 − 700 N/mm2 at ambient temperature (tensile strength), proof strength limit
lies at ≥ 200 N/mm2. For 400◦C the tensile strength is given at 375 N/mm2.

Metallic channel The sheet in the metallic channel has a size of 4.6 mm. The distance from the middle
of the channel to the objective is 10.6 mm. This comprises the half of the channel height (3 mm) including
the size of the sealing (1 mm), the size of the sheet (4,6 mm), the size of the top metal cover (2 mm)
and the size of the second sealing (1 mm). The objectiv being used must have a free working distance of
minimum 10.6 mm to display all points in the channel. The available objectives with magnification of 20
diameters meet this claim.

The result of the stress analysis for the metallic channel is that the maximum tensile strength in
the principal axis system lies at 121, 4 MPa = 121, 4 N/mm2. Maximum compression strength lies at
−22 MPa. Ths maximal tensile strengthes lie against the edges of the inlet channels and the delivery
of the heating wire. Maximal tensile strengthes at the sheet are up to 32 MPa. Those values underlie
the limiting values of glas and metall. Safety factor lies at S = 1,58. Therefore, the design has to be
considered risky. To increase safety, sapphire glass should be used instead of fused quartz.

Glas channel The glas channel has a edge length of 24 mm at the outside and 4 mm at the inside.
A radius of 1 mm is inserted at the edges to avoid high stresses. The distance from the middle of the
channel to the objective is 12 mm. The available objectives meet this claim only for small magnifications.
An objective with magnification of 20 diameters could not capture all points of the channel.

The result of the stress analysis for the glas channel is that the maximum tensile strength in the
principal axis system lies at 66 MPa = 66 N/mm2. Ths maximal tensile strength lies against the edges
of the channel. The critical tensile strength is exceeded.

3.2 Instrumentation and security devices of the loop

Figure 11 on the next page shows the loop for water as working fluid. From a reservoir the water will be
delivered and brought to the pressure of 25 MPa. With an electric heating, the fluid temperature will
be increased to the required flow temperature. This temperature will be controlled by an thermocouple
and lies in the region of 350 - 380◦C. In the following test section, the fluid will be heated by the heating
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wire until it passes the pseudo-critical point. The fluid leaves the test section with maximum 400◦C and
will be cooled down by an external heat exchanger to a temperature around 30 - 40◦C. After a pressure
control valve, the water will be expanded to ambient pressure and will be lead back to the reservoir.
Magnetic valves in the loop will be used to lock certain parts of the loop and for protection e.g. in
case of over-temperature in the loop. They will be connected to an emergency shut-off system or can be
manually operated. In normal mode all magnetic valves will be open. A butterfly valve after the pump
will avoid a backflow of hot fluid, a pressure relief valve protects the test section against over pressure.

Instrumentation of the loop will consist of thermocouples, a flowmeter and pressure sensors before
and after the test section. Thermocouples will be used to observe, measure and regulate the temperature,
with the flowmeter the mass flow will be checked and, if necessary, regulated. Pressure sensores shall
measure the pressure drop over the test section. The heat flux over the heating wire will be controlled
by the impressed voltage.

T
T
T
T

T
T
T

T
o p t i c a l
m e a s u r i n g
s e c t i o n

f l o w m e t e r

b u t t e r f l y
v a l v e

m a g n e t i c  
v a l v e

 p r e s s u r e  r e l i e f  
v a l v e

h e a t e r

p ,  T

T c o n t r o l

T

p ,  T

p u m p

p r e s s u r e  c o n t r o l
v a l v e

h e a t  e x c h a n g e r

r e s e r v o i r

T c o n t r o l T c o n t r o l

p o w e r  s u p p l y  l i n e
h e a t i n g  w i r e

Figure 11: Experimental loop for H2O

The loop for the working fluid CO2 is shown in figure 12 on the following page. This fluid is gaseous
at ambient pressure. Therfore, the loop has to be closed and kept at 10 MPa. The pump has to be a
circulating pump. A thermostat tempers the fluid from ambient temperature to 25 - 30◦C. In the test
section it will be heated by a heating wire and will leave at arround 50◦C. Cooling will be carried out
by another thermostat. After that the CO2 will be directed back to reservoir. Other components are
simillar to the water loop.

3.3 Measurement instrumentation for velocity, temperature and turbulence
parameters

Measurement of velocity cann be done by laser-Doppler anemometry (LDA) (see figure 13 on the next
page or Micro-Particle-Image-Velocimetry (µPIV, see figure 14 on page 15). With LDA one velocity
direction can be detected. By superposing of a second measuring volume with different laser wave length
a second velocity direction can be detected simultaneous. With µPIV in one measurement two velocity
direction can be specified. Thus with both measurement mehods the normal and shaer stresses can be
identified.

Measurement of temperature can be done by infrared camera, thermocouples, interferometer (see
figure 16 on page 16) or Schlieren imaging (see figure 15 on page 15). With those measurement methods
the fluctuation of temperature T’ cannot be detected. So the turbulent heat flux u′

iT
′ cannot be resolved.

For this purpose a thermocouple or hotwire anemometry has to be used in the flow. Unfortunately, this
measurement technique causes disturbances of the flow.
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Figure 12: Experimental loop for CO2

Figure 13: Assembly of a laser-Doppler anemometer ([12], lecture on LDA)
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Figure 14: Assembly of µPIV [13]
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Figure 15: Assembly for Schlieren imaging [14]
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Figure 16: Assembly of a Mach-Zehnder interferometer [14]

4 Conclusion

A general overview on the change of the properties of supercritical water near the pseudo-critical point
was given. The review of experimental techniques and data for heat transfer in supercritical water done
by different authors revealed the necessity to get more information out of the boundary layer of flow
under a supercritical temperatures and pressures especially under conditions of so-called ”Deterioration
of Heat Transfer”. Demands on a test rig for that purpose were assembled.

Two conceptional designs of the test section were described. A stress analysis showed that only one
of these designs, the metallic channel, will be adequate to use because the stress in the glass channel
exceeds the allowed stress. The metallic channel achieves a safety factor of S = 1.58. So this construction
has still to be considered as risky. Therefor, sapphire glass is recommended instead. The test shall be
equipped with LDA and µPIF measurement to obtain local velocities and temperatures in the boundary
layer.
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[3] Laurien, Eckart: Wärmeübergang bei superkritischem Druck / Universität Stuttgart, Institut für
Kernenergetik und Energiesysteme. 2008. – Präsentation beim IKET-Winterseminar, Schruns
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[14] Nitsche, Wolfgang ; Brunn, André: Strömungsmesstechnik. 2., aktualisierte u. überarb. Aufl.
Springer, 2006

352.17


