¢ Brookhaven

National Laboratory
BNL-101884-2014-TECH
AD/RHIC/RD/101;BNL-101884-2013-IR

Performance of RHIC Refrigerator III: Cold Vacuum Compressor

K. C. Wu

April 1996

Collider Accelerator Department
Brookhaven National Laboratory

U.S. Department of Energy
USDOE Office of Science (SC)

Notice: This technical note has been authored by employees of Brookhaven Science Associates, LLC under
Contract No.DE-AC02-76CH00016 with the U.S. Department of Energy. The publisher by accepting the technical
note for publication acknowledges that the United States Government retains a non-exclusive, paid-up, irrevocable,
world-wide license to publish or reproduce the published form of this technical note, or allow others to do so, for
United States Government purposes.



DISCLAIMER

This report was prepared as an account of work sponsored by an agency of the
United States Government. Neither the United States Government nor any
agency thereof, nor any of their employees, nor any of their contractors,
subcontractors, or their employees, makes any warranty, express or implied, or
assumes any legal liability or responsibility for the accuracy, completeness, or any
third party’s use or the results of such use of any information, apparatus, product,
or process disclosed, or represents that its use would not infringe privately owned
rights. Reference herein to any specific commercial product, process, or service
by trade name, trademark, manufacturer, or otherwise, does not necessarily
constitute or imply its endorsement, recommendation, or favoring by the United
States Government or any agency thereof or its contractors or subcontractors.
The views and opinions of authors expressed herein do not necessarily state or
reflect those of the United States Government or any agency thereof.



AD/RHIC/RD-101

RHIC PROJECT

Brookhaven National Laboratory

Performance of RHIC Refrigerator III:
Cold Vacuum Compressor

K. C. Wu

April 1996



PERFORMANCE OF RHIC REFRIGERATOR III:
COLD VACUUM COMPRESSOR

K.C. WU

ABSTRACT

In February 1996, the RHIC Refrigerator was successfully cooled: to liquid helium
temperature with 10 kilowatts of heat input at 4.5 K, 53 kilowatts of heat input at 60 K
and 44 grams per second of liquid extraction. A comprehensive analysis was performed to
evaluate the performance of the refrigerator including the turbines, the cold vacuum
compressor and the heat exchangers. Because of the amount of data and the number of
charts involved, the report is divided into five technical notes on, respectively: 1).
Flowmeters, 2). Turbines, 3). Cold Vacuum Compressor, 4). Heat Exchangers and 5).
Refrigerator Overall Performance. This technical note describes the performance of the
Cold Vacuum Compressor.

1. Introduction

The RHIC Cold Vacuum Compressor is designed to reduce the pressure and
temperature in the liquid helium pots of the refrigerator. The design speeds for producing
suction pressures of 0.92, 0.80 and 0.65 atm are 9,400, 11,100 and 13,000 rpm
respectively. In this test, the mechanical reliability of the compressor over a range
including several operating points in the surge region was demonstrated. However the
suction pressure did not reach the design value for the compressor. Most of the time, the
cold vacuum compressor was operated at 10,330 rpm. The lowest suction pressure
obtained with a “minimum” flow was 0.8 atm. Excessive pressure drops associated with
the piping and isolation valves in the suction and discharge lines of the Cold Vacuum
Compressor were found. The suction pressure and temperature should approach the
design values when larger size valves and pipes are installed.

The performance of the Cold Vacuum Compressor is presented recognizing that
there are large uncertainties in the data. The head and flow performance curves suggest
that the capacity of the pump seems, for the most part, to agree with the manufacturer’s
curve. However, the efficiencies obtained are not meaningful.



II. PERFORMANCE CURVE

The performance of a centrifugal compressor follows the head and flow curve for
the unit. The head coefficient is defined as the head rise divided by the square of the
impeller tip speed. The flow coefficient is defined as ratio of the impeller exit meridional
velocity to the impeller tip speed. The impeller tip diameter and the exit blade height
equal 5.375 and 0.19 inches respectively.

In this technical note, only the pressure head is used in the head coefficient
calculation. The pressure and temperature at the compressor discharge are used to
calculate the impeller exit meridional velocity.

The pressure transducer at the suction of the compressor, PT218H, was re-
calibrated after the test. PT218H was found to read high by 0.125 atm for all operating
pressures in the test. The differential pressure transmitter DPT452H was accurate. The
temperature sensors, TT119H and TT120H, are mounted respectively on the surfaces of
the suction and the discharge lines. Their accuracy and response may not be the “best”.

Flowmeters F41H and F211H are located in series in the discharge line of the Cold
Vacuum Compressor. Between F41H and F211H, there is a by pass flow from the
compressor discharge, through valve H40A, to the suction of the unit for surge
prevention. During most of the test, a “small” flow is used all the time to maintain the
associated piping cold. This by-pass flow is believe to be small since when the by pass
valve H40A is closed, the suction pressure is found to decrease by only 7 inches of water.
The performance of F41H and F211H has been examined in the technical note:
Performance of RHIC Refrigerator I: Flowmeters. Generally speaking, F41H reads 14%
higher than F211H. Since their accuracy can not be further determined, the flow
coefficients have been evaluated based on both F41H and F211H. The head and flow
curves for data taken on February 7 and 9 as well as during a final pump down with
minimum flow are given in Figures 1 and 2.

The surge as indicated by a reduction of head coefficient with decreasing flow
coefficient is believe to occur below the flow coefficient of 0.2 in Figure 1, and at 0.17 in
Figure 2. The head coefficient of 0.6 at a flow coefficient just above the surge limit is very
close to the design value.
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Figure 1 Head and Flow Curve evaluated from F41H for RHIC Cold Vacuum Compressor
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Figure 2 Head and Flow Curve evaluated from F211H for RHIC Cold Vacuum Compressor




IIL. Adiabatic Efficiency

The compressor efficiency is defined the ratio of enthalpy increase in an ideal
process to that of actual process. The efficiency is plotted against the flow coefficient in
Figures 3 and 4. As shown, there are great uncertainties in these results due primarily to
insufficient resolution in the temperature read outs. The efficiencies obtained in the
ambient air test range from 66 to 88 %. Heat leaks will reduce these efficiencies to some
lower values perhaps close to those presented in Figures 3 and 4. For the time being
Figures 3 and 4 should not be taken too seriously. For the next refrigerator run, two
digits decimal display will be implemented and efficiencies for this compressor will be re-
evaluated.
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Figure 3 Efficiency as a function of flow coefficient based on F41H



0.8 L

0.7 E

06

a&ﬁn

0.5 B

04 B

& EFeb. 9
0.3 A A Pump Down

0.2

Adiabatic Efficiency

0.1

0.0
000 005 010 0145 020 025 030 035

Flow Coefficient evaluated from F211H

Figure 4 Efficiency as a function of flow coefficient based on F211H

IV. Pressure Drops

When pressures in the helium pots did not reach the design values, the pressure
drops associated with the valves and piping in the suction and the discharge lines were
investigated.

The compressor was running at 10,230 rpm with a suction temperature and
pressure of 5.6 K and 1.04 atm. The compressor produced a pressure rise equivalent to
165 inches of water across the unit. The pressure drop from the discharge of the
compressor to the next down stream pressure tap PT45 including a 2 inch isolation valve
was equivalent to 62 inches of water. The pressure drop from the compressor suction to
the pressure tap located up stream of PT63H including a 2 inch isolation valve and a filter
was equivalent to 126 inches of water. If the 2 inch isolation valves are replaced by 3 inch
valves and a larger filter is used, then the pressure drop will become equivalent to 15
inches of water at the discharge and 32 inches of water at the suction. The pressure drop
in the helium pots will be reduced by about 0.35 atm.



V. Pressure Rise and Speed

The pressure rise across the compressor as a function of speed is given in Figure 5.
As can be seen, the pressure rise is small when the speed is less than 8,000 rpm. The
compressor design requires operating speeds of 11,000 and 13,000 rpm to reach suction
pressures of 0.8 and 0.65 atm. The head rise as extrapolated from Figure 5 is 170 and 250
inches of water respectively for 11,000 and 13,000 rpm. To confirm the performance of
the Cold Vacuum Compressor, it is necessary to operate this compressor at speeds from
10,000 to 13,000 rpm during the next refrigerator run.
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Figure 5 Pressure Rise for RHIC Cold Vacuum Compressor

VL. Summary

The performance of the Cold Vacuum Compressor has been investigated. The
pressure drops associated with the suction and discharge lines are excessive and will be
corrected. Better measurements shall be performed during the next refrigerator run.
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