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DISCLAIMER

This document was prepared as an account of work sponsored by the United States
Government. While this document is believed to contain correct information, neither the
United States Government nor any agency thereof, nor the Regents of the University of
California, nor any of their employees, makes any warranty, express or implied, or
assumes any legal responsibility for the accuracy, completeness, or usefulness 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 its 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 the Regents of the University of
California. The views and opinions of authors expressed herein do not necessarily state or
reflect those of the United States Government or any agency thereof or the Regents of the
University of California.
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This water-cooled heatsink allows a 110-a SCR to operate with a 10°C
rise at the stud., The heatsink performs satisfactorily at flow rates as low
as 0.25 GPM., Experimental results show the effect of water flow rate and
mounting method, The best heat transfer was obtained using XC-2-0106 sil-
icone compound at the heat transfer surface. A simplified design procedure is
presented,

INTRODUCTION

High-current semiconductor devices must be properly cooled if they
are to operate reliably at rated current. The low junction-to-case thermal
resistance of such devices is of little value if the heatsink thermal resistance
iz highby comparison., Air-cooled heatsinks become bulky when one tries ¢o
achieve a thermal resistance less than 1°C/w. Moreover, the high a.mbien't'
temperature present in some equipment racks often precludes the use of air
cooling.

Water cooling has long been used to overcome the above-mentioned
difficulties. This note describes an operational water-cooled heatsink for
individual 2N1911 SCR's. The basic design can easily be adapted to semicon-
ductors of different stud sizes. Also, the design procedure is given to enable

the engineer to rapidly design similar heatasinks.,

: "HEATSINK
The heatsink is shown in Figure i1, Three 41/4-in-diameter water
passages carry water around the mounting base of the semiconductor. The
t~in counterbore moves the heat transfer surface closer to the cooling water
and allows more threads to protrude through the mounting hole. This i-in
counterbore should be cut on a lathe to insure a smooth flat surface for gocd

heat transfer. Thinner heatsink material (e.g., 3/8-in) could have been used,
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thus eliminating the necessity to counterbore, if it were not for the i/8-in
pipe fittings,
 This heatsink allows more heat transfer surface than those employing

two drilled holes joined at the ends by a soldered tube. Moreover, the i/8-in
pipe plug camr be removed if it should become necessary to clean the water
passages.

The heatsink can be mounted by using any two of the four 13/64-in holes,
thus leaving both SCR nut surfaces accessible for tightening to the proper torque,.

Total shop time for machining is i«1/2 to 2 hr; the only critical operation
is the surface-f{finishing of the i-in counterbore,.

Figure 2 is an assembly drawing showing the SCR mounted to the heatsink,

INSTRUMENTATION

The SCR stud temperatures-were measured with 2 copper~constantan
thermocouple scldered to the flat surface of the stud hex. The temperature at
this point closgely approximates the temperature of the stud immediately below
the rectifier junction.}i The heatsink temperature was measured uveing a2
therraocouple located in the front of the heatsink about 0.05 in under the SCR
heat transfer surface. ' _ -

Two GE 2Ni91i41 SCR'3, rated at 100 2 rms each, were connected back-to-~
back as shown in Figure 3. The firing signal was the ac wave shown in the figure.
YWhen connected as shown, the SCR circuit is capable of carrying 155 a rms pro-
vided the stud temperature does not go above 62°C. (This results in a junction

temperature of 125°C)

EXPERIMENTAL RESULTS

Figure 4 shows SCR stud temperature rise versus SCR current, with
cooling water flow rate a8 a parameter, Note that the current here is the total
rms current through both SCR's. This current is x/2 times the rms current
through each SCR.

As specified in Figure 4, the SCR heat transfer surface was coated with
XC-2-0106 silicone compound and the stud was torqued to 12.5 ft-lb,

Pigure 5 shows how various mounting methods affect the stud-to-heatsink
temperature drop. Note that the XC-2-04106 silicone compound was about 4479
more effective than the DC-200-4000CS silicone fluid. Note, also, that decreasing
the stud torque by 20% caused the stud-to-heatsink temperature drop to increase
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by 15%. :

With 150 a total current, the measured power dissipation was 100 w
per SCR. This implies a stud-to-heatsink thermal resistance of 0,05 °C/w,
using the XC-2-0106 silicone compcund and 42.5 ft-1b of torque, The table
gives the thermal resistance from heatsink to cooling water for various water
flow rates.

Water flow rate, GPM Thermal resistance,

sink-to-water, °C/w

0.25 6.09
0.5 0.0675
1.0 0.055

Thus, at a flow rate of 1+ GPM, the stud-to-heatsink thermal drop is
approximately equal to the heatsink-to-water thermal drop. This, then, rep-
recents a point of diminishing returne beyond which an increase in the cooling
water flow rate will not substantizaily reduce the stud temperature,

Figure 6 shows the measured heatsink pressure drop as a function of
water flow rate, The upper curve gives the pressure drop across two heatsinks,
68 in of Weatherhead H-9 1/4-in-ID hose, and the associated fittings. The lower
curve gives the pressure drop across one heatsink, two RL union couplings, and

two tubing nipples.

DESIGN PROCEDURE
This design procedure makes use of the data sheets in the Apperndix
{from Lawrence Radiation Laboratory UCRL Design Data Book). The procedure
is intended to yield only approximate results, and some of the assumptions and
approximations are admittedly crude, Nevertheless, this design procedure can
give the engineer a quick conservative answer which can be refined experimen-

tally, if necessary.
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NOMENCLATURE
Definition

Cross-sectional area of tube

Heat transfer area

Diameter of semiconductor heat transfer surface
Diameter of water passage

Water flow rate

Thermal conductivity of heatsink material

Equivalent total length of 21l tubing and fittings
Equivalent leagth of elbows

Length of connecting hose

Length of water passage

Length of tube

Heat transfer rate

Power dissipation

Presgure
Heatsink~to-water thermal resistance
Junction-to-stud thermal resictance

Stud-to-~heatsink thermal resistance

Mean cross-sectional area of heatsink material
from semiconductor mounting surface to cooling
water,

Heatsink temperature at stud surface
Junction temperature

Semiconductor stud temperature
Cooling water temperature

Mean thickness of heatsink material from
semiconductor mounting surface to cooling water

Velocity of water
Film drop

Units

in
in
in
in
gal/min

calories
sec-cm®°C

$3
it
ft
ft
in ,
v . 2
watts/in

watts

°C
°C
=C
°C

in

ft/sec
°C
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Step 1. Determine semiconductor power dissipation and maximum allowable
stud temperature, Data from the manufacturer's specification sheet usually
allows calculation by at leact one of the following methods.
{a) Often maximum zllowable stud temperature and power dissipation at
maxdmum rated current are given directly in the specification,
{b) Civen maximum power dissipation, junction-to-stud thermal resistance,

and maximum junction temperature (usually 125°C for silicon),

Ts = T5 = Rryg-s)? (1)

{c) Power dissipation can be found by integrating the e-i curve graph-
ically or analytically. o

NOTE: Other forms of power losseg—such as those due to forward and
reverse lezkage currents, those due to gate current, and those due to switching—~
are neglected since these losses are usuzlly negligible,
Ster 2., Determine maximum allowable heatsink temperature.

{a) ¥First determine the stud-to-heavsink thermal resistance. Check

reference Z than estimate if necessary. Ior large power rectifiers, RT(S H)

should be less than 0.1°C/watt when XC-2-04106 silicone compound is used:

Ty =Tg - RpysomyP (2)

Step 3. Determine required water flow rate.

{a} Assume the film drop is the major component of the heatsink-to-water
temporature drop.

{b) Pick 8 = 0.8 (TH - TW) . (3)

{c) Chroose a reasonable size water passage and estimate the heat transfer

area:

a= wdl ~ v° dD ' (4)

{This approximation is madc because D is more likely to be krown rather than l).

(d) Compute heat transfer rate:

{5)

M=
a

{e) Flead water velocity from Design Data Sheet 38 opposite 9=O.8('I‘I_,- Tw).

{f) Compute water flow rate:

F=3,13 VA (6)
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(z) Reiterate Step 3, starting with (¢) if the water flow rate found in (f)
is unreasonable.
Step 4. Check presgsure drop.

{a) Use Figure 7 to determine the equivalent length of the square elbows
formed a¢ the intercections of the water passages in the heatsink, Neglect the

pressure drop in the fttinge evean though this is often a poor assumption,

L= L+ Loy + Ly (7)
{b} Read the pressure drop from Design Date Sheet 10,
(c) Reiterate Steps 3 and 4 if pressure drop found in (b) is unreasonable,

Step 5. Compute water temperature rise:

A
.. 0,0038P ¢
ATW = (33
Step 6., Compute temperature rise in heatsink:
T P
ATy = e 2
{X = 0.9 for copvper, (.5 for aluminum)
Step 7. Compute temperature of heatsink near stud:
. ATy o
= - ES T i
TH TW+ > 3 G ALH {10}

Checik that T found above in Equation 10 is not greater than T_, found in

H

H

auztion 2, Step 2.

i

Degign Example

The design procedure is illustrated by use of the heatsink shown in
igures 1 and 2,

Step 4. From the G. E. specification sheet for the 2Ni1911 SCR

TJ = 125°C

TS =" 63°C (for 110 a rms)
RT(J-S) = 0.4°C/w

D = %54*63 = 155 w

(measured P = 100 w).
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Step 2.
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Assume I = 0.4°C/w

T(S-H)
= 63-(0.1) (155) = 47.5°C

For greater serni-conductor reliebility, try for T, = 35°C. This will result

H

in a junction temperature of 122.5°C,

Step 3,

{(a)

Assume TW = 25°C

then 6 = (0.8) (35-25) = 8°C.

{b) Choose 1/4-in-ID water passages
2= (3.1 )2(1/4)(") = 2.46 in® .
2
(actual a = {3.414)(i/4)(4) = = 3,14 4n").
() M = 7—55’- = 63 w/in’
| R VI L1 P
{actual M = v i 49.5 w/in ),
{d) V = 8 ft/sec {read for Desiyn Data Sheet. 38)
{actual V is shghtiy iess than 8 ft/sec from Design Data Sheet 38).
{e} © = (2. 13)(8)(3 }14)(1/4)“ = 1,23 gal/min.
Step 4.
{) ¥From Figure 7, Le = {2)(i.3) = 2.6 £t
From Figure 4, LW= 4 in
Pick L, = 68 in
. . 4 68 _
L =2(2.6 + TZ) + 5y = 115 ft
{ L is for 2 heatsinks)
{b} From Design Data Sheet 10, 2p = _i:i% {11.5}(0.433) = 7 psi
(measured pressure drop was 9 psi at i1 gal/min),
Step 5.
AT, = L2038 155) = 0.48°C per heatsink
(measured ATy, was 0.5°C for each heatsink at 1 gal/min).
Step 6 .
AT (USSHI/4) 4 ogoc

h =~ {10.6){0.9){(1/4)(%)



Step 7.

T., = 25 +

H 2

This is fairly close to TH found in Step 2

{meacgured TH

was 35°C at t gal/min),

UCRL-11048
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APPENDIX
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