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1. Overview

The Praecis Temperature Control Unit (PTCU) is a stand-alone system which, when combined with
an appropriate enclosure, provides a local temperature-controlled environment. The system main-
tains a specified temperature at a “critical point” within the enclosure.

Results indicate the PTCU combined with a typical enclosure can maintain temperature varia-
tions at the critical point within a factor of 75 better than ambient over a period of 18 hours,
and, that the PTCU’s ability to reject intermittent disturbances (e.g., from human intervention) is
excellent.

2. Objectives of Test

The purpose of the tests described herein was to establish the thermal performance of the combined
TCU and a local enclosure when installed in a typical laboratory environment. 

The following general objectives were used to establish testing protocols.

• Establish the sensitivity of the temperature in a PTCU-equipped enclosure to environ-
ment (room) temperature variations.

• Establish the sensitivity of the temperature in the enclosure to exposure to the room—
e.g., opening an enclosure door for a pre-determined period of time.

•  Establish the sensitivity of the temperature in the enclosure to exposure to an internal heat
source.

• Establish the sensitivity of the temperature in the enclosure to exposure to an external
heat source—e.g., a human being standing immediately outside the enclosure.

• Establish the sensitivity of the temperature in the enclosure to large excursions in room 
temperature.

Appendix I contains a detailed description of the procedures and equipment used to conduct the
performance tests. 

3. Description of the Praecis Temperature Control Unit:

The Praecis Temperature Control Unit (PTCU) is a system designed for controlling the temperature
within a local enclosure. 

Thermal stability is often one of the largest sources of error in a precision manufacturing or metrol-
ogy system. The Praecis strategy for addressing this issue is to control the temperature of precision
components and systems using a local enclosure with a stand-alone temperature control system.
This solution is a particularly cost-effective way to improve the dimensional stability of critical
components.

Key components of the Praecis TCU system include a stand-alone portable air conditioning system,
and a proprietary two-loop proportional-integral-derivative (PID) controller that can maintain the
temperature at a pre-selected point within an enclosure. Enclosures can be provided either by Prae-
cis, the customer, or a third-party. 
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Temperature sensors are located at two points within the system: immediately downstream of a
mixing chamber, which blends hot and cold air to maintain the output temperature of the PTCU
(inner loop), and a set-point sensor located at a pre-selected “critical point” within the enclosure
(outer loop). The system is designed such that the inner loop operates at high-bandwidth to pro-
vide for good response to rapid disturbances, while the outer loop generates a low-bandwidth set
point correction to accommodate variations in heat load between the PTCU and the critical point
sensor. 

Praecis TCU and enclosure systems are single-pass—i.e., not recirculating—to minimize com-
plexity and capital cost. 

Præcis TCU Sizes
Enclosure

Model Cooling Flow Rate               Footprint Size

PTCU-14 4.0 kW (14,000 BTU/hr) 16 m³/min (600 cfm) 2.5 m²
PTCU-24 7.0 kW (24,000 BTU/hr) 27 m³/min (1,000 cfm) 4.5 m²
PTCU-36 10.4 kW, (36,000 BTU/hr) 36 m³/min (1,350 cfm) 6.0 m²
PTCU-60 17.4 kW, (60,000 BTU/hr) 81 m³/min (3,000 cfm) 13.5 m²

The enclosure selected for the purposes of the test is one designed to be integrated with a Praecis
Profiler Model #300. The enclosure has internal dimensions of 1 m x 1.5 m x 2 m (L x W x H), a
perforated plenum to create a laminar downflow, and a sheet aluminum skirt with vertically slid-
ing polycarbonate windows. The subject enclosure is illustrated in Figure 1. 

As design guidelines for establishing PTCU flowrates, Praecis recommends an air velocity in the
enclosure of approximately 0.1 m/sec, or 3 air changes per minute (whichever requires the largest
flow rate) for acceptable heat transfer, low turbulence, and minimal vibration. Based on these
guidelines, and the dimensions of the enclosure to be used, a PCTU-14 was selected for the test.

Figure 2. The PCTU-14 used for performance testing
of a complete temperature controlled enclosure. Figure 1. The enclosure used for PCTU performance testing

measures 1m x 1.5m x 2m.
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4. Summary of Test Protocols

The following specific tests were conducted to establish the performance of the combined PTCU
and enclosure. A more detailed description of test procedures and equipment selected for test di-
agnostics is included in Appendix I.



4.1 Establish Time for System Equilibration After Start-Up

4.2 Establish Steady-State Performance

4.3 Establish Response to Exposing the Enclosure to the Ambient Environment

4.4 Establish Response to Abrupt Drop In Ambient Temperature

The purpose of this test was to establish a baseline time for system equilibration.
While equilibration is greatly dependent upon a number of factors (e.g., the thermal
time constants of objects within the enclosure), it is nevertheless helpful to establish a
baseline time constant. The protocol for conducting this test was:

•  With PTCU off and room lights off, start recording room and critical point 
temperatures. Ensure equilibration.

• Start PTCU and turn on room lighting.
• Record critical point temperature until equilibrium is reached. Record time to
equilibrium.

The results of this test are reported in Section 5.1.

The purpose of this test was to establish the performance of the system under nominally
steady-state conditions—e.g., with the room set at a constant temperature, free from
disturbances, lights on, etc. The protocol for this test was:

•  Record critical point temperature, upper enclosure average temperature, lower
enclosure average temperature, and ambient temperature under nominally 
constant conditions for a minimum of 12 hrs.

The results of this test are reported in Section 5.2.

The purpose of this test was to evaluate the response at the critical point to a typical
operation—that of opening an enclosure door, and exposing the chamber’s environ-
ment to that of the surrounding room. The protocol for this test was to:

• Record room and critical point temperatures to establish equilibrium.
• Open door, and record response until equilibrium is established.
• Close door, and record response until equilibrium is reached. 

The results of this test are reported in Section 5.3.

The purpose of this test was to evaluate the response of the system to a sudden drop in
ambient temperature—typical, for example, of a disturbance created by opening an out-
side door in mid-Winter. In this instance, a large roll-up door to the outside was opened
to exposure to a temperature of approximately -18° C. The test required a very brief
opening of the door, timed such that the ambient temperature dropped approximately 
1° C. The protocol for this test was to:

• Record room and critical point temperatures to establish equilibrium.
• Open roll-up door to outside. Simultaneously monitor ambient temperature,
and close door in anticipation of a 1° C drop.

• Record temperature until both room temperature and critical point temperature
are re-established.

The results of this test are reported in Section 5.4.
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The purpose of this test was to evaluate the response of the system to a sudden increase in
ambient temperature. Because of outside environmental conditions, a step increase was
not possible. Thus, the protocol for this test called for a less abrupt increase in ambient
temperature of approximately 2° C:

• Record room and critical point temperatures to establish equilibrium.
• Increase room temperature setpoint by 2° C.
• Record temperature until the PTCU re-establishes both room and critical

point temperatures.
• Reduce room setpoint back to original setting.
• Record temperature until the PTCU re-establishes both room and critical

point temperatures. 
The results of this test are reported in Section 5.5.

While constant heat sources within the enclosure are typically of little consequence to the
critical point temperature, transient sources that last for a significant duration are more
problematic. A typical example is a person working within the enclosure for a period of
time, and then leaving the enclosure. Thus, one requires information regarding the time to
recover from such an event. 

The protocol for this test calls for a 100-watt lightbulb (typical of the heat emitted by a
human being), enclosed in a cardboard box (to distribute heat emissions) installed in the
enclosure at waist height until equilibrium is reached, and then removing the heat source
and re-establishing equilibrium. While results are dependent upon the thermal properties
of the enclosure contents, this test at provides a baseline under a known set of conditions. 

• Introduce a 100-watt heat source (a light bulb) into the chamber atop the
granite surface plate. Enclose the bulb within a 400 mm x 400 mm x 400 mm
cardboard box.

• Insulate the box and bulb from the surface plate. 
• Record critical point temperature to establish equilibrium.
• Turn on the light bulb, and record the critical point temperature until equilib-

rium is reached.
• Shut off the light bulb, and record the critical point temperature until equilib

rium is reached. 

The results of this test are reported in Section 5.6.

A situation similar to that described in (4.5) above is a brief entry into the enclosure by an
operator. The purpose of this test is to establish a baseline response for such an event. 

The test protocols are identical to those described in (4.5), except that the duration of the
simulated entry is limited to 1 minute. Thus the critical point temperature with the light
bulb ‘on’ will likely not reach equilibrium. The results of this test are designed to provide
guidelines for the time to re-establish equilibrium after a short duration entry into the en-
closure. 

The results of this test are reported in Section 5.7.

4.5 Establish Response to Increase In Room Temperature

4.6 Establish Response to Intermittent Heat Source Within the Enclosure—#1

4.7 Establish Response to Intermittent Heat Source Within the Enclosure—#2
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Another typical disturbance to the enclosure temperature is a person standing intermit-
tently in front of the enclosure. The purpose of this test is to establish a baseline re-
sponse for such an event. 

• Record room and critical point temperatures to establish equilibrium.
• An individual should stand in immediate proximity (i.e., with body touching)
to the enclosure for 5 min.

• Record critical point temperature until equilibrated, and then stand away.
• Record critical point temperature until re-equilibrated. 

The results of this test are reported in Section 5.8.

4.8 Establish Response to Intermittent Heat Source In Front of the Enclosure—#2

5. Summary of Test Results

The following test data resulted from the corresponding test protocols listed above in Sections 4.1
through 4.8. 

5.1 Time for System Equilibration After Start-Up
The system was started up from a “cold” condition, with the PTCU off and the room
lighting off. The following two graphs of room temperature vs. critical point tempera-
ture show that the system equilibrates within approximately 20 min of start-up to
within 0.01° C p-v.

Conclusion: The combined PTCU and associated enclosure stabilize to the setpoint
temperature within 20 minutes from startup. (Note: The apparent abrupt increase
in ambient temperature is due to the location of the ambient temerature sen-
sor in front of the PTCU air inlet, and the sudden increase in air flow.)
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The PTCU and enclosure were operated for approximately 18 hours overnight. Lighting
was on, and there were no known disturbances to the system other than typical room
temperature fluctuations and diurnal heat load cycles.

The following four graphs represent critical point, average upper-enclosure and average
lower-enclosure temperatures vs. room temperature. The PTCU maintained the critical
point to within 0.012° C p-v, while the room temperature varied by 0.902°—a ratio of
approximately 75:1. The gradient in the enclosure was maintained at a mean of approxi-
mately 0.115° C, and varied by 0.058° C p-v.

Conclusion:  The PTCU typically maintains a ratio of 75:1 or better, ambient tempera-
ture to enclosure critical point temperature. The gradient in the enclosure under the
same conditions is maintained within 0.0058° C. 

5.2 Steady-State Performance
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One door to the enclosure was opened until for a period of approximately 6 min. The
door was then closed, and the time to equilibration measured. 

The maximum excursion of the critical point to exposure to ambient air was approxi-
mately 0.005° C p-v during the 9-min test cycle, and could not effectively be distin-
guished from the normal cyclic behavior of the system. 

Conclusion:  The PTCU can maintain temperature at the critical point within the en-
closure even when exposed to the ambient environment. The maximum transient tem-
perature increase was 0.005° C, although most of the measured effect was likely due
to the normal response of the system to room temperature variations.

5.3 Response to Exposing the Enclosure to the Ambient Environment
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A large roll-up door to the room environment was opened, exposing the room to the -15° C
outside temperature. The door remained open for 1 min, during after which time the ambi-
ent room temperature dropped by 1.2° C over a period of 7 min. 

The critical point temperature dropped by a total of 0.08° C over a period of 5 min from
the time the door was opened, and recovered to equilibrium within 18 min after the outside
door was closed.

Conclusion: The PTCU responds very quickly to abrupt drops in room temperature, in
this instance within 18 minutes of a large instantaneous disturbance. 

5.4 Response to Abrupt Drop in Ambient Temperature
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This test was similar to that reported in 5.4, above. The room temperature was increased by
approximately 1.7° C to observe the enclosure critical point response. The room tempera-
ture took approximately 30 min to equilibrate. The room temperature was decreased to the
original setting after 36 min. The critical point temperature never varied by more than
0.015° C p-v during the entire test.

Conclusion: The TCU can keep up with significant increases and decreases in room
temperature. 

5.5 Response to Increase in Room Temperature
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A heat source designed to represent the presence of a human was placed inside the en-
closure, approximately 300 mm from the critical point sensor. Using the protocol de-
scribed in 4.6 above, the heat source (a 100-W lightbulb in a cardboard box) was turned
on until equilibrium was reached, and then turned off until equilibrium was regained. 

The total critical point temperature rise during the period the heat source was activated
was less than 0.005° C—making it impossible to judge when equilibrium was reached.
The heat source was switched off after 36 min. The critical point temperature never de-
viated by more than 0.015° C p-v during the entire 1-hr test cycle.

It should be noted that both the upper and lower enclosure temperatures decreased sig-
nificantly (0.2° C to 0.25° C) for almost 40 min, as a consequence of the increased
cooling required to compensate for the increased heat load at the critical point. 

Conclusion:  The TCU can accommodate significant changes in heat loads at the
critical point, but the importance of minimizing varying heat loads within the enclo-
sure has been demonstrated. 

5.6 Intermittent Heat Source Within the Enclosure—#1
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5.7 Intermittent Heat Source Within the Enclosure—#2
This test was designed to represent a brief entry into the enclosure by an operator. Thus,
in this instance the heat source was only turned on for 1 min, and the system then al-
lowed to equilibrate. Impact on critical point temperature was minimal (estimated at
0.008° C, including overshoot during recovery). Full recovery took less than 14 min.

Conclusion: The TCU and enclosure combination can ensure reasonable distur-
bance rejection and rapid recovery from brief human disturbances.
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5.8 Intermittent Heat Source In Front of the Enclosure

This test was designed to assess the response at the critical point to an individual stand-
ing directly before the enclosure, with his/her body pressed against the enclosure for 5
min. 

As one can observe from the response graphs below, no effect was observed. Any effect
was masked by normal ambient temperature fluctuations and the PTCU response.

Conclusion: The enclosure configuration and the PTCU response are such that no
effect can be observed if a human being places him/herself directly against the enclo-
sure walls for a period of 5 min.



APPENDIX I:
TEST PROTOCOLS FOR ESTABLISHING THE PERFORMANCE
OF THE PRAECIS TEMPERATURE CONTROL UNIT (PTCU)

Overview

The Praecis Temperature Control Unit (PTCU) is a stand-alone system which, when combined with
an appropriate enclosure, provides a local temperature-controlled environment. The system utilizes a
2-loop PID controller to control mixing of the hot and cold airstreams exhausted by a commercial air
conditioning unit to maintain temperature at a ‘critical point’ within an enclosure. 

The purpose of the tests described herein is to establish the thermal performance of the combined
TCU and a local enclosure when installed in a typical laboratory environment.

Objectives of Test
•  Establish the sensitivity of the temperature in the enclosure to environment (room) 
temperature variations.

• Establish the sensitivity of the temperature in the enclosure to exposure to the
room—e.g., opening an enclosure door for a pre-determined period of time.

• Establish the sensitivity of the temperature in the enclosure to exposure to an internal
heat source.

• Establish the sensitivity of the temperature in the enclosure to exposure to an external
heat source—e.g., a human being standing immediately outside the enclosure.

• Establish the sensitivity of the temperature in the enclosure to large excursions in
room temperature.

• Establish the sensitivity of gradients in the enclosure to the above conditions.

Test Apparatus
• Praecis temperature control unit Model #PTCU-14.
• Enclosure from Praecis Profiler Model #300 (1m x 1.5m x 2m) (W x D x H).
• Granite surface plate inside enclosure, upper surface approximately 1m from floor.
• Measurement Computing Corporation USB-TEMP 8-channel thermistor-based 
temperature-recording system and software.

• 13 thermistors, 8-channel signal processing box, laptop PC, color printer.

Test Procedures

1. Install the 16 thermistors at the following locations:
• Immediately downstream of the TCU mixing chamber.
• In the hot air stream upstream of the mixing chamber.
• In the cold air stream upstream of the mixing chamber.
• At the location of the ‘critical point’ sensor, approximately 18 in above the granite
table, centered in the enclosure.

• Approximately 500 mm in front of the TCU air intake (ambient).
• At 8 points inside the enclosure, at 2 different elevations. One elevation should
be approximately 0.4 m above the floor. The second elevation should be 
approximately 0.4 in below the plenum. At each elevation thermistors should be
arrayed at approximately the midpoint of each wall, 150 mm from the wall.

2. Tag each thermistor with a number (at both ends of the cables), as follows:
• 1—Critical point.
• 2—Ambient.  
• 6-9—Upper enclosure elevation.
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• 10-13—Lower enclosure elevation (vertically corresponding
• 14—Immediately downstream of mixing chamber.
• 15—Cold air stream.
• 16—Hot air stream.

3. Attach probes to data acquisition system, as follows:
• Probe 1 to channel 1 (critical point).
• Probes 2 to channel 2 (ambient).
• Probes 6 - 9 in a series/parallel configuration to channel 3 (average upper enclosure).
• Probes 10 - 13 in a series/parallel configuration to channel 4 (average lower enclosure).
• Probe 14 to channel 5 (mixing chamber).
• Probe 15 to channel 6 (cold air stream).
• Probe 16 to channel 7 (hot air stream).

4. Set up the data acquisition system:
• Temperatures indicated on screen should be calibrated against known reference. (See 5,
below.)

• Label each of the 7 traces on the screen to correspond to the 7 channels noted in 3 above.
• Temperature scale should be selectable, down to 0.01° C per minor division. 
• Time scale should be selectable between 1 min and 4 hr per major division. 

5. Calibrate Probes:
• Fill an insulated bucket (with a lid) with water, and allow it to equilibrate overnight.
• Bundle the 16-recording thermistors together with the critical point control thermistor,
and immerse them in the center of the bucket of water.

• Record all 16-temperatures, and note any outliers. Adjust DC offsets between thermistors
until all thermistors read the same value as the critical point control thermistor (as indi-
cated on the controller).

6. Tune PTCU:
• Locate thermistors as defined in Section 2.
• Prepare to record channels 1, 2, and 5 (critical point, ambient and mixing chamber).
• Start PTCU, set critical point setpoint to 20° C and allow to equilibrate.
• Set room temperature to approximately 21° C.
• Continuously monitor the 3 selected temperatures.
• Tune controller for optimum performance at critical point under stable conditions. Record
results.

• Introduce select disturbances, and record results. Note instabilities, poor recovery. Con-
tinue to refine tuning. Disturbances should include: (1) step increases/decreases in room
temperature, equilibration, return; (2) Open door, equilibrate, close; (3) Turn on shaded
lightbulb, equilibrate, turn off; (4) turn on light bulb for short duration (1 min), turn off.

7. Monitor Performance:
• Monitor channels 1, 2, 3, and 4 (critical point, ambient, upper enclosure, lower enclosure)
• Monitor for 24 hrs. Ensure that output will fit on a single page.
• Introduce disturbances outlined in the preceding section, and record results.
• Fine tune gains as necessary.

8. Record results:

• Critical point as a function of ambient.
• Critical point as a function of disturbances noted in (6) above.
• Gradient (top to bottom) as a function of ambient.
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