Cooling Components With Chilled
Tap Water

Laboratories and research groups constantly develop devices
which need to be cooled, but rarely spend time on effective
cooling equipment for them. The following is a relatively
inexpensive method to cool instruments using tap water.
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In the past, electro-optic firms have concentrated primar-
ily on the development of electro-optic devices and laser
equipment, often leaving the design and production of
adequate cooling equipment for other firms to complete.
In some cases very low temperatures must be maintained;
here, thermoelectric cooling or cryogenic dewars must be
used. In many cases, however, maintaining a specific low
temperature is not the object; rather, the object is to
remove thermal energy from a device under thermal
stress (e.g., laser mirrors, flashlamps, etc.). In these cases
flowing water can be used to remove excess heat.

With flowing water, the logical trade-off concerns the
rate of heat removal—should you use a high-velocity flow
of water at tap temperature or a low-velocity flow of
pre-cooled water? Recently, researchers at SD Labs have
developed a simple, compact device for cooling using a
technique which involves a low-velocity flow of super-
cooled tap water.

How It Works

The following equations constitute a rough approxima-
tion of the heat-handling capabilities of the system.

To determine the heat dissipated by the device to be
cooled:
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Where: Q) is the heat capacity (BTU/hr).
m; is the mass (Ib.)
c; 1s .the specific heat averaged over all the
components in the device (BTU/Ib °F).
At is the absolute value in the change in
temperature (°F), and
11 is the time (hr).

Similarly, to determine the cooling ability of the

cooling unit:
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Where: Q- is the heat capacity (BTU/hr).
m, is the mass (Ib).
c; is the specific heat averaged over all the
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components in the device (BTU/Ib °F).

At, is the absolute value in the change in
temperature (°F).

T, is the time (hr), and

7 is the refrigeration factor and has no units.

7 is a function of refrigerant control (RC) and depends on
the coolant used.

(Ed. note: Yes, we know, this could just as easily be
done in SI units of degrees Celsius, kilograms and
Jjoules, at least in terms of these general equations. But if
you buy refrigeration components in the United States,
their specifications will be quoted in English units. So
we decided to maintain those units in this discussion.)

To determine system heat handling, and to find the
refrigeration factor (n), set eq. 1 to eq. 2 and solve
for #:
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Remember that 5 is a function of refrigerant control
(RC), and that although the numbers are of no immedi-
ate value, they are directly scaled on the control surface
itself to provide a method of comparison when using
different coolants.

The flow rate is the same throughout the system; a
constant 3 gal/min or 180 gal/hr is assumed, assuring
that most cooling needs are met through the control of
RC ().

Following the Flow

The RWCU (refrigerated water cooling unit) functions
by circulating two to five gallons of refrigerated tap
water through the device to be cooled. The refrigerant,
dichlorodifluoromethane, combined with a 500 cubic foot
per minute blower, keeps the water at about 35° F. A
current sensing device activates the RWCU as soon as
the device to be cooled is turned on, and a low level sensor
signals when the tank needs refilling. Almost any fluid
that can remove heat in any way can replace the water in
this system, provided that it does not corrode or cause
mineral or chemical deposits to collect on pipes, pumps
and their fittings and valves. Alternate cooling fluids
include methanol, methanol/water, or ethylene glycol.
Fig. 1 depicts a series of system flow diagrams. In
normal operation, Fig. 1a, cooled water from the tank (T)
is pumped through the pump (P), the solenoid valve,
(SV,) and the I/0O, valve and into the hot device. The
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water is flushed through the device, and the heated
cooling water emerges from the output of the cavity. The
coolant enters RWCU via insulated water tubing, past
the I/O; valve and a solenoid valve (SV,) to refill the
tank.

Fig. 1b illustrates the flow of water in RWCU when
the water in the tank is too hot. A thermistor (TS;)
gauges the temperature of the water and activates SV, if
the temperature is above a certain point. The water is
then diverted back into the tank for further cooling.
When the water temperature falls below the point at
which TS, is set, the valve re-opens the lines and the
water flows into the hot instrument.

When the temperature of the used cooling water
leaving the electro-optic device is higher than the setpoint
of a second thermistor (TS,), as in Fig. 1¢, then SV cuts
off access to the tank and directs the hot water out of the
system through a valve (V,) and into a drain. When this
happens, the low level sensor in the tank activates IV,
allowing coolant to refill the tank.

Input valve (IV)) is a solenoid-controlled valve that is
normally closed. I1/0;, I/0; and V; are manually oper-
ated valves that are normally open. If these are manually
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closed, the RWCU may be moved without draining the
tank.

The RWCU uses R-12 (dichlorodifluoromethane) as
the refrigerant. A refrigerant control (RC) maintains the
pressure difference between the high and low side of the
refrigerant storage bottle (S), while allowing the refrig-
erant to flow from S to the cooled evaporator coil (E).
Because of the pressure difference, the R-12 will boil
rapidly, cooling E. A compressor (C,) draws the R-12,
now evaporated gas, from E and compresses it to high-
pressure gas. This high-temperature, high-pressure gas
flows into the forced-air cooled condenser (C), where it
expands into its original liquid form, while releasing heat
energy. The 500 CFM blower (B) blows air across the
coils of C to speed up the cooling process. The R-12 flows
back into S, and the process can begin again.

An ordinary single phase 108-125 Vac at 60 Hz service
powers the RWCU system. At 11 amps, its maximum
power consumption is 1375 watts. The pump, compres-
sor, blower, and meter/controllers, which control the
solenoid valves, are all separately fused and switched
(Fig. 2). Thermistor bias is supplied by the meter/
controllers. The low level sensor is a simple float switch
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LASER MODULATION... SEE US AT E-O/LASER BOOTH 119
WIE MAKIE IIT CIRYSTAL CLEAIR

TWELVE YEAR DEDICATION TRAVELING WAVE AMPLITUDE
Quantum Technology was established in 1969 to pro- MODULATORS: SERIES TWAM

mote the application of Electro-optic crystals to
modulation and Q switching of laser beams. The com-
pany has a modern crystal growing laboratory with over
40 crystaliizing tanks and has been in the forefront of
this technology for over a decade. Among our major
achievements, two most significant ones are (1)
World’s first commercial microwave laser modulator
with a bandwidth of D.C. to 1000 MHz. (2) Breakthrough in
efficient harmonic generation with type | temperature-
tuned crystals of D-CDA and RDA for Nd: YAG and Ruby
radiation respectively.

For more information,
Please call or write to:

Q QUANTUM TECHNOLOGY INC.

2620 IROQUOIS AVENUE

SANFORD, FLORIDA 32771
(305) 323-7750
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