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INTRODUCTION 

Life Enhancement Technologies, Inc. (LET) is the leading company in the field of 
microclimate thermal management technology. Originally designed for cooling 
astronauts in extreme conditions, systems developed by LET are a direct spin-off from 
NASA technology. LET's patented technology protects individuals in a host of 
conditions ranging from extreme heat stress to simply maintaining a desired 
temperature. LET has modified and refined this adapted technology for applications in 
the medical, military, industrial, and consumer industries. 

While participating in the CARAT program sponsored by the Department of Energy, Life 
Enhancement Technologies developed a prototype using Flexitherm" liquid 
cooling/heating panels built into an automobile seat. The prototype is known as the 
Microclimate Seating System (MCS). FlexithermfM is a closed loop liquid heat transfer 
system made of a thin, flexible, conductive material, which transports fluid to provide 
cooling or heating. Through the use of FlexithermTM panels, LET is able to provide 
cooling or heating to individuals or objects it comes in contact with. A delivery system 
containing a pump, chiller, heater and reservoir was built to deliver the liquid to the 
panels. The liquid flowing through the Flexithermm is cooled'or heated through LET's 
controlled delivery system, thereby enabling the direct conductive cooling/heating of the 
passenger. The prototype demonstrated the positive effects of cooling and heating on a 
passenger sitting on an automotive seat containing Flexitherm" panels. 

The air conditioningheating systems as currently used in automobiles are based on high 
airflow, as well as temperature and humidity reduction to provide thermal comfort to the 
occupants of the automobile. Air is a very poor thermal conductor. Consequently, high 
airflow is required and the primary means of cooling is insensible water loss 
(evaporation). The larger thermal mass of a car and the solar load imposed can result in 
an 15-20 minute delay in reaching a comfortable thermal environment, despite the fact 
the evaporator temperature of 60 O F or less is reached within the first 5 minutes of 
operation. Thermal comfort is the absence of thermal stress. 

The purpose of Phase I CARAT Program was to develop the background material 
necessary to begin prototype development of a liquid conductive HeatingCooling 
system with liquid Flexithermm heat exchanger panels integrated into the car seats, 
thereby enabling the direct conductive cooling/heating of the driver and passengers and 
also reduce engine power requirement, size and weight. This would improve fuel 
consumption and reduction of emissions. 
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STATEMENT OF WORK 

The statement of work for Phase I, has been broken down to eleven (11) tasks. The 
tasks that have been completed cover the following topics: -~ 

Preliminary system specification 
FlexithermN integrated car seat panels. 
Cold reservoir. 
Hot reservoir. 
Master seat module. , 

Reservoir, interface lines and connectors. 
Test set-up. 
Sub-system tests. 
Environmental test. 

The following items used to construct the Phase I prototype system were supplied with a 
mixture of off the shelf items and parts and assemblies fabricated, designed and 
patented by LET. 
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Detailed Discussion 

Task I: Preliminary System Specification. 

In CARAT Phase I, Life Enhancement Technologies, Inc. (LET) investigated an 
improved technology that c a n  reduce the energy consumption of the heatingkooling 
power system. The effort was directed towards building a prototype Microclimate 
Seating System (MCS) and demonstrate use in cold (4OOF) and hot (16OOF) 
environments. 

Task 2: Seat Panels. 

LET took a car seat and a console and mounted them to a platform. Once the 
specifications were determined, parts for the cooling/heating source were built into the 
console. 

For the past few years LET has used a combination of microdots and curved lines in the 
pattern of FlexithermTM to direct the flow of the panel. Although this pattern surpassed 
past designs, it was important to review the performance, flow and pressure drop. 

0 LET took small existing panels of Flexithem" changed the design and tested them. 
By slightly changing the distance between the dots, we could significantly speed up 
or slow down the flow of the liquid from the inlet to the outlet. Changing the distance 
also allowed the mass of liquid contained in the panel to be significantly increased or 
decreased. This resulted in an improvement to the flow. 

0 By using curved lines and slightly changing the width of channels we found that we 
significantly improved the pressure drop. 

After a Flexithermm panel design was chosen, tests were conducted to determine the 
outer layer of exposed seat fabric to cover the Flexithermm. Tests involved three seat 
panels sandwiched between three different fabrics. An automotive polyester fabric, an 
automotive vinyl and a marine vinyl were used. Alt three fabrics were tested at the same 
time under the same conditions. All were connected to fixed chiller consoles once liquid 
coolant temperatures were 39OF + or - IOF. Room temperature was 76OF and starting 
temperature of the fabric could vary. The test ran for 1 hour 45 minutes with 
temperatures taken of the liquid coolant and fabric every 5 minutes for 45 minutes, 60 
minutes, and 1 hour 45 minutes. 

5 



The tests showed the automotive polyester fabric to have the least visible signs of 
condensation. A form-fitting seat cover was then made of the polyester fabric. 
Flexitherm” panels were secured to the top and bottom of a car seat and covered with 
the form-fitted seat cover. The Flexithermm car seat was then plumbed to the 
cooling/heating source in the console and secured the platform. No evidence of 
condensation was observed when passengers are seated and the system is operating. 
Once the MCS was operating it was then transported to an environmental chamber for 
testing. There the MCS was tested to verify it met specifications set in Phase I of the 
CARAT program. 

Temperature O F  

Condensation 

Coolant 39.8 42.4 38.5 37.6 36.9 36.3 36.1 36.0 36.3 36.0 36.2 35.1 
Fabric . 76.6 56.0 58.2 55.0 55.2 58.6 56.2 54.8 58.4 58.6 59.2 58.0 

Panel none no no no no no no no no no no no 
Fabric none no little-- moderate---extreme extreme 

Temperature O F  

Condensation 

Coolant 38.8 42.1 37.9 37.0 36.5 36.0 35.6 35.4 35.2 35.6 34.7 34.7 
Fabric 76.6 57.2 53.2 53.2 52.2 52.2 51.8 51.6 52.6 54.6 54.2 55.0 

-1_ extreme Panel none no little- moderate-extreme- 
Fabric none no no no no no no no no no no no 

39.8 37.8 37.2 34.3 33.1 44.2 34.7 34.2 40.1 34.7 42.4 38.8 
76.6 56.0 58.2 55.0 55.2 58.6 56.2 54.8 58.4 58.6 59.2 58.0 

none no no no no no no no no no no no 
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Task 3: Cold Reservoir. 
The off the shelf chiller assembly was modified to meet design requirements and 
specifications. The cold reservoir was plumbed to an in line micro-pump assembly with 
flow capabilities of 60 psi. The pump was equipped with a magnetic clutch designed to 
release if backpressure in the system exceeded 35 psi. This is a fail safe design to 
protect the system from over pressure if an inclusion should occur which could damage 
the flow circuitry, fluid lines, panels, etc. The chiller is filled from the common return 
liquid reservoir and pressurized to 15 psi so chilled liquid is always available on demand 
from the Master Seat Module. 

Task 4: Hot Reservoir. 

The hot reservoir was fabricated using .250 ABS tubing with bonded end caps. The 
reservoir was drilled and tapped for insertion of submersion heater, thermocouple 
temperature monitor, inlet and outlet liquid ports. The flow schematic is plumbed and 
pressurized in the same manner as the cold side, using the same pump. The hot side 
liquid flow is plumbed directly to the Master Seat Module for fiow on demand. 

Task 5: Master Seat Module. 

The module is a mechanical on demand valve designed and fabricated by LET, Inc. 
allowing the user to select an inlet temperature between the ranges of 34 degrees F and 
105 OF. The module was positioned next to the users seat in a console with a digital 
temperature read-out. 

Task 6: Reservoir, Interface lines and Connectors. 

Interface liquid lines were assembled using urethane tubing and insulated. Plumbing 
connectors used were Colder Products Quick Disconnects with shut-offs, pipe to barb 
fittings and all lines were secured using Oetiker tubing clamps. All return fluids were 
directed to a one-liter common reservoir. The heatingholing fluid used was a mixture 
mainly of 20% Propylene glycol and de-ionized water. 

Task 7: Test Set-up. 

Test instruments used to evaluate pressure, flow and temperature for the sub-system 
tests and complete ensemble tests, included were: 
0 Weiss 0-30 psi gauge 

Ketema 10 GPH flow meter 
0 Fluke 10 channel thermocouple digital thermometer. 
All instruments were calibrated prior to testing. 
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Task 8: Sub-system Test. 

The heatingkooling-conditioning console was isolated from seat system and attached 
directly to the test instruments to measure pressure and flow. The pump and flow 
restrictor were adjusted for optimum desired flow (561bslhr) and pressure (15 psi). The 
heating system process controller was adjusted to a number of set points changing 
reservoir heating cycle times and outlet temperature until we had a good balance of 
controlled outlet liquid temperature. The same process was then performed on the 
chiller portion of the conditioning console. 

The conditioning console was then connected to the FLEXITHERMm panels integrated 
into the car seat with test instruments plumbed in-line. With the complete ensemble 
connected, pressure, ffow and pressure drop were recorded. Maximum pressure drop 
allowed between connecting lines, seat liquid panels and conditioning console was 
designed to be no greater than 3.5 psi. During testing maximum pressure drop recorded 
was 2.0 psi. 

The Microclimate Seating System (MCS) met all the criteria set for system specification 
test plan and deemed ready to be tested in the environmental chamber. 

Task 9: Environmental Test. 

The MCS was transported to Compaq Computer Corporation, Tandem Division in 
Cupertino, CA. and tested in their walk-in environmental chamber. Test plan was to 
subject the MCS to temperatures ranging from 40 O F  to 16OOF. The purpose of the test 
was to maintain thru out the temperature scale, a constant seat temperature of 7OoF by 
adjusting the master temperature module located next to the seat inside the chamber. 
Temperature knob settings were measured on a scale of 1-9 with one (1) being full cold 
and nine (9) full warm. Relative humidity remained a constant 45% thru out the testing. 
No human subjects were used inside the climatic chamber during the test run. 
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ENVIRONMENTAL CHAMBER TEST RESULTS 

[CHAMBER TEMP INLET PANEL TEMP FABRIC TEMP TEMP I 
CONTROL 

O F  O F  O F  VALVE SET 
40 89 
45 
50 
55 
60 
65 
70 
75 
80 
85 
90 
95 
100 
105 
110 
115 
120 
125 
130 
135 
150 

89 
91 
92 
70 
76 
82 
59 
58 
45 
44 
44 
45 
46 
47 
48 
48 
48 
48 
49 
56 

END OF CHAMBER TEST 1700 HRS 09/09/99 

68.6 
70.0 
73.0 
75.6 
66.2 
71.4 
76.6 
68.6 
70.8 
64.8 
68.2 
70.0 
72.6 
73.8 
78.8 
79.2 
81.8 
84.0 
87.4 
91.2 
100.6 

9 
9 
9 
9 
8 
8 
7 
6 
6 
4 
2 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
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Analvsis 

During the test phase, the MCS prototype mock-up was tested in an environmental 
chamber at Compaq Computer Corporation, test facility laboratory. It was determined 
the ideal inlet liquid temperature to the occupants seats should be maintained in the 
range of 6OoF on the cold side and 85OF on the hot side. No noticeable build up of 
condensation was evident. Relative humidity was maintained at  45% through out the 
tests. Facial cooling can be added by using a circulating fan providing 85OF air 
circulating through out the cabin of the vehicle. This will add to the overall thermal 
comfort of the occupants. 

Because of conductive cooling, the skin tends to stay dry and the clammy feeling 
associated with high humidity conditions is eliminated. 
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CARAT Forum 

LET presented our year-end progress accomplishments at the Department of Energy 
first annual Carat forum held at Michigan State University. The presentation included a 
formal presentation with slides, video and a working prototype of our Microclimate 
Seating System (MCS). At the conclusion of the formal presentation, questions and 
answers followed with attendees most anxious to try our MCS and experience 
conductive heating/cooling in a car seat. We had numerous requests for handouts on 
our presentation. Some of the notables in the automotive industry expressed extreme 
interest and requested we keep them abreast in our future research and development of 
the MCS program. Their comments were that MCS could be a major benefit in many 
areas in the development of future vehicles. 
Some of the notables from major automotive companies who expressed interest were: 

Johnson Controls, Inc. 
Lear Corporation, Advanced Technologies 
Toyota 
Ford Motor Company 
Daimler Chrysler Corporation * 

Nartron Corporation 
Carlson Technology, Inc. 
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Conclusion 

The statement of work proposed for Phase I has been completed. All tasks and testing 
phases provided positive results and answered issues necessary to proceed to Phase 11. 
Phase I I  will include an engineering bench top prototype heating/cooling system using 
actual components that will be installed in a vehicle when Phase I I  is completed. 
Flexithermm panels that were designed and developed during Phase I will be used as 
the heat exchangers. The new panels require less operating pressure and provide 
higher flow rates with less pressure drop within the panels. 

Microclimate Cooling System (MCS) has significant benefits in the overall vehicle system 
design where energy, power consumption, efficiency, weight, cost and comfort are 
considerations. MCS will make a significant contribution to the goals and objectives of 
the Hybrid projects and the year 2000 new generation of vehicles. 

We  do not foresee any insurmountable problems in the manufacturing of the MCS. The 
technology and components currently exists for the assembly that we would need to out 
source to vendors. Such components include microprocessors, evaporators, servoed 
controllers, and bias valves. Actual cost to manufacture cannot be ,adequately 
determined a t  this time. However we can  determine that the MCS will.be less costly 
then the current HVAC system and more cost effective to operate. 

Liquid conductive heating/cooling systems offer significant advantages over other 
innovations of heated/cooled vehicle seats. Such as: 

I .  Thermal Electric: 
Requires individual units under each seat. 
Requires additional choling radiator and two circulating pumps. 

0 Amperage draw per seat exceeds 20 amps in a 12-volt system. 
Expensive and complex. 
Potential concerns regarding EMF 

0 No cooling provided. 
Chance of electrical shorts. 

MCS offers the following benefits: 
1. Reduces manufacturing costs. 
2. Allows one system to support the complete vehicle. 
3. Reduces automobile fuel consumption and emissions. 
4. Helps automotive manufacturers meet regulatory st dards for fuel emissions 

and consumption. 
5. Can provide cooling in storage areas for perishable and potable fluids. 
6. Provides comfort to passengers. 

2. Electric heated seats: 
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In Summary, the work completed in Phase I has led to a. unique heating and cooling 
system design that will provide immediate thermal comfort in a cold or heat soaked 
vehicle. By comparison, current HVAC systems require much longer achieving thermal 
comfort. LET'S cutting edge technology will provide significant benefits to the 
automotive industry and consumers in the new millennium. - 
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