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WES'lINGHOUSE CLASS 3
.

.

UNVERIFIED

HYDRAULIC TES'.* REPORT

FOR

15x15 LOW PRESSURE DROP AND INTERMEDIATE FLOW MIXER GRIDS

1.0 INTRODUCTION

As part of the verification tests of the 15x15 Low Precsure Drop
fuel assembly with Intermediate Flow Mixers, full scale hydraulic
flow tests were performed in order to determine the hydraulic
characteristics.

2.O LQOf_AND TEST HARDWARE

The tests were performed in the Fuel Assembly Corapatibility Test
System (FACTS). The ficw diagrar, of this isothermal, closed-loop
test system is shown in Figuta 1.

. Loop flow, wnich was measured by a venturi flow meter, was
controlled by pneumatically operated bypass and series proportional
control valves. Heat was injected into the system solely by the
work done on the fluid by the main pump. Temperature was
controlled by adjusting the flow of cooling water on the secondary
side of the heat exchanger. Loop pressure was established by a
pneumatically driven hydraulic pump acting against a backpressure
regulator.

Tests were conducted on separate assemblies with and without IFMs.
In each test, the fuel assembly was placed inside the instrumented
flow housing which was contained within the pressure housing. A
thimble plugging device was inserted into the assembly to simulate
fue) assembly outlet hydraulic conditions. Water circulating in
the loop entered the pressure housing at the bottom, flowed upward
through the fuel assembly and discharged into a plenum at the top
of the pressure housing where it was directed back to the pump.

Figures 2 and 3 describe the arrangement of the differential
pressure measurement 2 f or the hydraulic tests of the 15x15 LPD and
LPD/IFM fuel assemblies, respectively.

3.0 INSTRUMENTATION

A digital data acquisition system was used to gather hydraulic test
data. These data consisted of the following:

1. Loop fluid temperature at the flow meter.
2. Loop pressure at vessel inlet and outlet.
3. Loop flow rate.
4. Pressure differentials across test fuel assemblies.

WP/15LPD02.JAC/Page 1 of 8
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Equipment used to record test data was calibrated as a system with
the following minimum system accuracies:

Rancio Accuracy |

Loop Fluid Temperature 50 - 250*F. 1.0%
Loop Pressure 0 - 250 psig. 0.5%
Loop Flow Rate 20 psid. 0.5%

(500-2300 gpm.)
DP Measurements Various 0.5%

Calibration of the differential pressure transducer system was
performed prior to and checked after the tests.

4.0 TEST PROCEDURES

The hydraulic tests were performed at two different temperatures
(150*F. and 250*F. )' over a range of flowrates from 700 gpm to
1700 gpm. Upon establishment of each temperature, all dif ferential
pressure transducers were zerood. . After establishing each flow
rate, sufficient time was allowed for the system to reach steady
state before rccording data. Each transducer was scanned 60 times
over.the sampling period by the digital data acquisition system.
The mean of these scans was recorded for each transducer.

5.0 TEST RESULTS
'

5.1 Fuel Assembly Mixing Vane Grid Pressure Loss Coefficient

Figure 2 chows the differential pressure measurements which
were used to obtain the pressure loss coefficient of the
mixing vane grid. The observed values of pressure drop are
loop flow at the different test temperatures were converted to
pressure loss coefficients using the following expression:

'

1 DP, fl,

'* * Tl DHEAD De
~

vi ch

DHEAD= P
29

where:

3RHO : Fluid density, lbs/ft
V: Fluid velocity, ft/sec

2g: Gravitational constant, 32.174 f t-lb /sec -lbm fDHEAD : Dynamic head, psi
De : Equivalent diameter, inches

WP/15',Pc02.JAC/ Pope 2 of 8
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t : Friction factor '

Pressure differential measured by differentialDP :x
pressure transducer "x , psi.a

1, : Friction length of fuel rod bundle in measurement
zone of DP inches

Number of grib,s in measurement zone of DP,N :
K : Pressure loso coefficient derived from DPx x

The pressure loss coefficient of the mixing vane grid is shown in
Figure 4. Using a least squares procedure, these data were fit to
the following equation:

K=[ }* (b, c)

Extrapolating the equation to a Reynold's Number of 500,000 gives
a mixing vane grid pressure loss coefficient of ( )* (b,c)

5.2 Intermediate Flow Mixer (IFM) Grid Pressure Loss Coefficient
As shown in Figure 3, there are three IFM grids in the fuel
assembly. Figure 3 shows the differential pressure
measurements which were used to obtain the pressure loss
coefficient of the IFM grid. Several measurements included
the effects of mixing vane grids. By subtracting the
appropriate multiple of the value of the mixing vane grid loss
coef ficient determined above, the pressure loss coef ficient of
the IFM was obtained. The pressure loss coefficient of the
IFM grid is shown in Figure 5. Using a least squares
procedure, these data were fit to the following equation:

Ka[ )* (b, c)

Extrapolating the equation to a Reynold's Number of 500,000
gives an IFM grid pressure loss coefficient of ( J'.(b,c)

WP/15LP002.JAC/Page 3 of 8
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