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Large Scale Mass Flow Measurement Using Bellmouth and
Rake

. +
Jeongwoo Kim*

ABSTRACT

For an aerodynamic test facility, it is very important to get the precise measurement data of
pressure, temperature and mass flow rate at the upstream to the test article. Hence, a new
measurement method using a bellmouth and rakes was studied for the large scale system of which
the corrected mass flow is between 5 kg/s and 8 kg/s. The bellmouth was designed by ISO standard
for 0.5% accuracy, and the rakes were designed by using the equal area method. From the results of
9 test trials, it is found that the Reynolds number of rakes and the mass flow rate ratio can be
simply formulated by an one-dimensional equation. The mass flow rate of rakes was calibrated by this
equation. By the result of calibration, The maximum error rate was -0.507%, and the average error
rate was - 0.000274%.
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Drew : Duct Diameter after Heat Expansion [m]
A : Duct Area [m?]
m  : Mass Flow Rate [kg/s]
m;m. : Corrected Mass Flow Rate [kg/s]
P : Static Pressure [Pa]
P : Total Pressure [Pa]
T : Static Temperature K]
Te  : Total Temperature K]
Tmetal : Duct Metal Temperature K]
p : Static Density [kg/ m’]
I : Viscosity [uPa - s]
\% : Velocity [m/s]
a : Sonic Velocity [m/s]
R : Gas Constant [k]/ (kg - K)]
«@ : Thermal Expansion Coeffcient [1/K]
vy : Specific Heat Ratio
Cq : Discharge Coefficient
M  : Mach Number
Re : Reynolds Number
BM : Bellmouth
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Fig. 3 Rake Design
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Fig. 4 Rake Design - Wedge

Measuring Points of Rake
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Table 2. Equal Area Locations of Total Pressure and
Total Temperature
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DC 04 - X-Axis Normalized Velocity Profile

DC 04 - X-Axis Normalized Total Pressure Profile
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Fig. 10 Total Pressure Profile (X-Axis)

DC 04 - Y-Axis Normalized Velocity Profile

DC 04 - Y-Axis Normalized Total Pressure Profile
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Fig. 11 Total Pressure Profile (Y-Axis)
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DC 04 - Normalized Total Temperature Profile

Normalized Total Temperature
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Table 5. Rake Reynolds Number and Mass Flow Rate

Ratio (m_Rake/m_BM)

A3 Re_Rake* Mass Flo'w Rate

Ratio
1 0.939 1.004
2 1.000 1.010
3 0.843 1.005
4 0.983 1.009
6 0.899 1.012
7 0.296 1.024
8 0.433 1.019
9 0.159 1.030
10 0.188 1.033

* HolE24E AN O E Normalizedte] E7]3H5.

0.999

Normalized Mass Flow Rate

0.998
2

lteration

Fig. 16 gamma lteration Result - Mass Flow Rate
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Table 6. Error Rate (Original & After—Calibration)
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i 4 0.894 0.237
6 1.179 0.285
Fig. 170{ A %t 7 2411 -0.162
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l 9 3.005 0.042
10 3.261 0.370
m_Rake_New=m_Rake/st==Z T}2} ‘ Rk 3.261 -0.507
Ry 1.621 -0.000274
Fig. 18 Correction Procedure for Mass Flow Rate
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