¢ Brookhaven

National Laboratory
BNL-105807-2014-TECH
EP&S No. 92;BNL-105807-2014-IR

Analysis of the cooldown time of the D bend superconducting magnets

W. L. Keith

July 1980

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.



Accelerator Department

BROOKHAVEN NATTONAL LABORATORY
Associated Universities, Inc.

EP&S DIVISION TECHNICAL NOTE
NO. 92
W. L. Keith and G. Gulotta*

July 10, 1980

ANALYSIS OF THE COOLDOWN TIME
OF THE

D BEND SUPERCONDUCTING MAGNETS

ABSTRACT
A simple numerical technique accurately determined the time requi

cool a D bend S.C. magnet from 290°K to 10°K using helium.

described and the theoretical and experimental data are presented.

and limitations of the theoretical analysis are discussed.
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Analysis of the Cooldown Time for the D Bend S.C. Magnets

Introduction

Each D Bend magnet operates in a cryostat containing pool boilin

helium at 1.5 atm. and 4.5 °K. The magnets will be cooled from room

g liquid

temperature to 100°K using helium gas at approximately 80°K, and froL 100°K to

4,5°K using two phase helium at 4.5°K. The time required for this ¢

poling

process was determined prior to the final design of the magnets in order to

assess the need for a liquid nitrogen cooling jacket.

Theoretical Analysis

The masses of the components of one D Bend magnet are given beloWw.

Component Mass(1bs)
Iron 9393.43
Copper Superconductor 339.52
Aluminum 43.28
Epoxy Casting 81.50
Stainless Steel 929.74

The constant pressure specific heats (Cp) of the components are

assumed

to be linear functions of temperature over 20 degree temperature decrements

from 290°K to 100°K, and over 10 degree decrements from 100°K to IOJK.

Using the relation,

(1) dQ = MC,dt

and assuming,
(2) Cp = Cpo + KT
one may integrate (1) from T; to Ty to obtain
(3) 1Q2 = M [Cpy (T2-Tp) +‘§, (T22-112)]
Where 1Qp is the amount of energy to be removed from mass M to 1

its temperature from Ty to T9p. The energy to be removed from the mg

1Q2 is the sum of the Q3 for each component.
TOTAL

ower

gnet,




(4) i = Z 123
TOTAL
i=1
N = No. of components.

Using the relation,

(5) 1Q2 = 1t (houe=hin)
TOTAL

where m = mass flow of helium into the magnet (gms/sec)
hout = enthalpy of the helium exiting the magnet (joules/
hjn = enthalpy of the helium entering the magnet (joules/

t = time required to remove Q2 joules from the magnet.

gm)

gm)

the time (t) to lower the magnet temperature from T; to Ty may be fand. By

repeating this procedure over the entire temperature range and summi
cooldown time is determined. This procedure is easily accomplished
Fortran programe.

Correlation with Experimental Results

ng, the total

using a short

The following cooldown procedure was used during the first magn
magnet was cooled from 290°K to 90°K using helium gas at 80°K flowi
gms/sec, and from 90°K to 4.5°K using two phase helium at 4.5°K flo
gms/sec.

A time-temperature log was kept during the experiment, and this

t test. One
at 5

ing at 3.8

is shown in

Figures 1 and 2 along with the theoretical calculations. For the témperature

range from 290°K to 100°K, the theoretical results agreed with the experimental

to within 8%. For the range from 90°K to 10°K, the theoretical agre
20%. It should be noted that the changeover from gaseous to liquid

made during the 100°K to 90°K decrement, so this data was not includ

ed to within

cooling was

ed.




Accuracy and Sources of Error

Since the theoretical solution is a linear function of flow rate
greatest source of error. The experimental flow rates for gaseous h

determined by noting a large volumetric change in time.

repeated many times and the flow of 5 gms/sec was found to be constant.

of liquid helium was determined by noting the decrease in liquid lew
storage dewar.
Another source of error is the enthalpy of the helium entering t

(hip). During the gaseous cooling phase, the temperature of the hel

, this is the

elium were

This technique was

The flow

p] in the

e magnet

Lum

exiting the LN heat exchanger was assumed to be 77°K and the temperature

indicated in the magnet cryostat near the inlet was 85°K. The assum

the inlet temperature of the gas was 80°K seems reasonable. If the
temperature is assumed to be 85°K, the theoretical solution increase
During the liquid cooling phase, the quality of the mixture entering
was determined by considering the steady state heat load in the tran
from the storage dewar to the magnet and assuming this heat vaporize
of the liquid.
Over the range from 10°K to 4.5°K, the helium exit enthalpy appr
inlet enthalpy and (hgy,t=hj,) becomes very small and long time value
are found which do not agree with experimental values. In additionm,
starts to fill with liquid and the heat transfer is no longer simply
convection.

The steady state external heat load on the magnet is small enoug

ignored.

ption that
inlet

s by 8%.
the magnet

sfer line

d a portion

paches the
B
the cryostat

forced

h so as to be




Conclusions
The value of this technique is the ease with which one may predi¢t the
cooldown times of large masses from room temperatures to cryogenic temperatures
using forced convection. The temperature decrements to be used should be
determined from the linearity of the specific heats of the major components. The
accuracy over the 90°K to 10°K range was found to increase by 10% if| 4 degree
temperature decrements rather than 10 degree ones were used. If the| specific
heats are fairly linear, larger temperature decrements may be used apd fewer Cp

values are input to the program.
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