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Validation of Magnetic Resonance Velocimetry by Turbulent Pipe Flow

Jeesoo Lee, Simon Song and Jee-Hyun Cho

Abstract. Magnetic resonance velocimetry (MRV) is a versatile flow visualization technique using magnetic resonance
imaging machine developed for the medical purpose. Recently, MRV is often utilized to analyze engineering flows due to
its superior features of MRV such as capabilities of measuring flows with complicated, opaque flow geometry unlike optical
techniques, 3-dimensional volumetric velocity vectors within a few hours, and etc. The purpose of this study was to validate
the MRV data and evaluate the accuracy of the mean velocity profiles that we acquired for a turbulent flow in a circular
pipe using a MR machine installed in Korea Basic Science Institute, Ochang, Korea. In addition, we briefly describe a
procedure of parameter optimization for the operation of MRV. The results indicate that the MRV measurements provided
well resolved mean velocity fields with a quite reasonable accuracy according to the inner and outer layer scaling laws of
the turbulent pipe flows.
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3. Experiments
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Fig. 2. MR image of bottles with different
concentration of CuSOy solution.3.2 MRV
settings for pipe flow measurement
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4. Results

4.1 Determination of optimal CuSO4 concentration
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Fig. 3. Computed SNR from individual MR images of
different concentrations of CuSO4 dissolved in
deionized water
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4.2 MRV validation using mean velocity scaling
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Fig. 4. Axial mean velocity vetors plotted on three
streamwise planes 50 mm apart from each
other. 60% of vectors are shown.
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Fig. 5. Axial mean velocity profile obtained by MRV,
LDV(Nieustadt & Toonder, 1997) and
DNS(Wagner et al., 2001).
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Fig. 6. Mean axial velocity distribution in the outer
layer. Axial velocity is scaled with outer
variables suggested by Zagarola et. all4). Error
bars indicates 95% confidence interval. MRV
data in (a) and (b) is obtained using axial
velocities where x/D < 0.5 and x/D > 0.5,
respectively.
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Fig. 7. Mean axial velocity distribution in the inner
layer. Axial velocity is scaled with a friction
velocity, ur and wall-normal distance, y is
scaled with v/ur. Karman constant, # and the
additive constant, B used to describe the log
law are 0.436 and 6.15 (Zagarola et. al, 1997).
uz is estimated by choosing values that best
follow the log law in a log layer. Estimated ur
for (a) is 15.3 mm/s and (b) 15.1 mm/s. MRV
data in (a) and (b) is obtained using axial
velocities where x/D < 0.5 and x/D > 0.5,
respectively.
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4. Conclusion
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