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A bstract 
We are using a permanent-magnet MRI (Magnetic Resonance Imaging) with MRT spectrometer/ imager to estimate 
the phase and void fraction distr ibutions and flow patterns in gas-liquid two-phase flows. Air is being introduced at 
the bottom of the stagnant liquid column using accurate Harvard Apparatus programmable syringe pump PHD2000. 
Air flow rates were varied betwe n 1 and 200 ml/ min. The cylindrical non-cond ucting test tube of 2.5 cm diameter 
in which two-phase flow was measured was placed in a 10 em diameter by 30 cm long solenoidal radio-frequency {rf} 
coil. 

The MRI is based on a 1900 Ibs ( 65 kg) dFeB low-field (0.267T or 2670 Gauss) permanent magnet protected by 
the Faraday cage. Very low fringe (stray) magnetic field exists which minimizes the rf disturbances and relaxes the 
safety considerations. The static magnetic fie ld is very homogeneous due to the large (110 cm) return pole pieces 
that also minimize stray field. The operating proton frequency is about 11.3 MHz, which is outside the public FM 
rf range (it is in the HF range). Homogeneous region of 8 cm DSV exists with the homogeneity of 25 ppm p-p. 
Clear access of 13.6 cm exists in which the measuring sample, gradient coils and the rf probe- transmitter is placed. 
The resistivity of the pole piec s is larger than 1.2 J.LOhm meter. The large magnet mass has a long temperature 
stabilization time and requires conditioned air with temperature control within 2-3 degrees Celsius for the stability 
of the static field. Intel Pentium PC computer with the I/ O Texas Instrument TMS 320 C044 60 MHz DSP is used. 
Full functioning and flow imaging optimized Image-processing and spectroscopic analysis software is installed. Image 
processing software is based on IDL 5.6. 

The air is transparent to MR rf ignal and only precessing 1 H protons induce emf in the receiving coil. Accordingly, 
we measure gas phase distribution indirectly. The spatial signal is compared to a test tube filled with water to 
extract the gas-phase distribution. Fast temporal measurements of phase distribution in tube cross-section(s) and 
time-averaged void fraction for the 2D and 3D domains in case of a steady flow have been achieved. For void fraction 
imaging and data acquisition we used Hahn spin-echo technique with spin echo times varying between 6-10 ms. Due 
to the relatively fast echo sequencing and low bubble velocities good spatial and temporal resolution was achieved. 
The characteristic voxel size was less than 500 J.Lm (0.5 mm). The spatial resolution can be improved down to 100 J.Lm, 
in which case the temporal resolution would suffer somewhat. In Figure below, the measured vertically-integrated 
cross-section void fraction distribution in a vertical test tube with stagnant liquid at 30 ml /min a ir flow rate is shown 
(void fraction is on the vertical axis) . 

MRI is a very promising technique for estimation of gas-liquid phase distributions, void fraction distributions, and 
flow patterns visualization in 2D or 3D domains for not too large flow velocities. A compromise has to be reached 
between the spatial and tem poral resolution. MRI is especially well suited for 3D time-averaged volume-void-fraction 
measurements in case of steady two-phase flows. The beautiful thing with the MRI is that we can now add phase­
contrast 3D velocity measurements by which independent closure of the mass and moment um balances can be 
obtained from the MRI measurements alone. 


















	
	
	
	
	
	
	
	
	
	
	
	

