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INTRODUCTION:  We have performed the neutron ra-
diography measurements of the mixing behavior of cold 
and supercritical water in a tubular flow reactor to eluci-
date the effects of mixing on the supercritical hydrother-
mal synthesis [1-4]. In the previous measurements, the 
density and temperature of water at the mixing point were 
visualized, which suggested the mixing behavior of the 
two streams. However, the temperature of the streams can 
be also affected by the heat conduction through the tube 
wall. Therefore, the experiments that directly show the 
mass transport should be performed. Here, in this experi-
ment, we performed the neutron radiography measure-
ments of the mixing behavior of the aqueous solution of 
Gd(CH3COO)3 with heated water and observed the distri-
bution of Gd3+ ions at the mixing point.

EXPERIMENTS:  Fig. 1 shows the schematics of the 
experimental apparatus. A stream of water was fed using a 
high-pressure pump and heated by an external heater. Sim-
ultaneously, the aqueous solution of Gd(CH3COO)3 
(0.025~0.2 M) was fed using another high-pressure pump. 
The two streams were mixed at the mixing point to initiate 
the hydrothermal reaction. The inner diameter of the tubes 
at the mixing point was 2.3 mm. Toward this mixing point, 
a neutron beam was irradiated and radiography images 
were obtained using 6LiF/ZnS scintillator screen.

Fig. 1 Schematics of the experimental apparatus.

RESULTS:  First of all, we mixed the aqueous solution 
of Gd(CH3COO)3 with the stream of water at room tem-
perature. Figure 2a shows the radiography image of the so-
lution that contained Gd3+ ions. As we noticed, the darker 
area existed in the side and the lower tubes. These areas 
corresponded to the streams that contained Gd3+ ions. By 
subtracting the absorption profile by water, the distribution 

of Gd3+ ions was obtained (Fig. 2b). This image confirmed 
that the reactant solution was fed from the side tube and 
went downward on the right-side wall in the lower tube 
after mixing. This image also showed that the Gd3+ ion can 
be used as the tracer ion to study the mixing behavior in 
the tubular flow reactor.

Figure 2 Neutron radiography images of the mixing point show-
ing the absorption by (a) solution and (b) Gd3+ ions.

We then performed simi-
lar mixing experiments at 
higher temperatures. Figure 3 
shows a snapshot of the neu-
tron radiography measure-
ment during the hydrothermal 
synthesis of Gd(OH)3 from 
Gd(CH3COO)3 aqueous solu-
tion. The heated water with 
smaller density penetrated the 
upper part of the side tube. 
The Gd3+ solution went 
through the lower part and 
mixed with the heated water. 
The absorption by Gd3+ di-
rectly indicated the flow of 
reactant solution. However, 
as we continued the experiments, the blocking by pro-
duced Gd(OH)3 occurred and we could not obtain the neu-
tron radiography images at the steady-state conditions.

CONCLUSION: By using the aqueous solution of 
Ga3+ ions, the mixing behavior of the reactant solution was 
directly visualized using neutron radiography. However, 
the measurement at the steady-state conditions was not 
successful this time due to plugging.
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Figure 3 The neutron radi-
ography image of the mix-
ing point during hydro-
thermal synthesis.
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INTRODUCTION:  Microchannel heat exchanger has 
several advantages against the conventional fin-tube heat 
exchanger, thus recently it has been used as the heat ex-
changer of air-conditioning unit. But this microchannel 
heat exchanger is consisted from a lot of parallel micro-
channels, thus it would easily cause the flow oscillation, 
such as pressure drop oscillation and density wave oscil-
lation. Moreover, the heat transfer coefficient of air at the 
front edge of heat exchanger plate takes larger value than 
that of the tail edge owing to the development of thermal 
boundary layer. and it cause the nonuniform heat flux 
condition. 
 In this series of investigation, the effect of heat flux dis-
tribution on the heat transfer and flow characteristics 
have been estimated by using single plate micro channel 
heat exchanger. 
 In this report estimation results of a void fraction of 
microchannel heat exchanger under non-uniform heating 
by using neutron radiography are briefly introduced. 

EXPERIMENTS:  Experiments of the visualization 
were carried out using the B-4 beam line in KUR (1 MW). 
The schematic diagram of experimental apparatus is 
shown in Fig.1. The working fluid used in this study was 
Methanol (99.5% purity), which has low viscosity similar 
with actual refrigerant (R32) and enough attenuation co-
efficient for visualization. The experimental apparatus is 
consisted of a reserve tank, a pump and a test section. 
Test section is an actual aluminum microchannel heat 
exchanger of the air-conditioning unit, and it was heated 
by Joule heating by using two nichrome foils attached to 
the plate surface with electrical insulation of Kapton film. 
These nichrome foil heaters could be heated inde-
pendently, and which achieved the non-uniform heating 
condition.   

RESULTS:  Fig. 2 shows the void fraction profile un-
der certain heating condition. All results was obtained 
with same exit thermal equilibrium quality (xexave=0.188), 
but (a) was heated by uniform heat flux, and the heat flux 
ratio (qL:qH) of (b) is 1:2 and ratio of (c) is 1:4, respec-
tively. Histograms of void fraction at the high heat flux 
side of Fig.2 are drawn in Fig 3. As shown in these Fig-
ures, influences of the heat flux distribution on the void 
fraction profile is clearly obtained quantitatively. In this 
stage, the void fraction profile is obtained as time aver-

age image, but quantitatively data of the flow oscillation 
will be obtained by using dynamic image in next step. 
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