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A Portable Whole-Body Evaporative Cooling System For Exercise-Induced

Hyperthermia

Field of the Invention’
This invention relates to a coo‘ling,system for treating heat related illnesses.
Particularly, this invention relates to an evaporative cooling system that is portable.. More

particularly, this invention relates to a portable 'ev'apora-tive cooling system for treating heat

. related ililnesses effectively. -

Prior Art

There is an increase in number of cases of Exertional heat illness (EHI). This
occurs mainly in active individuals pushing to their physical limits, resulting in overheating
from geheratioh of heat faster than what the body can dissipate.i In mass endurance events,
runners with heat.illnesse.s are typicaliy treated with ice packs of cooled with ice water in the
pre-hospital setting, before the more déﬁnitive methods of coo|ing by imvmersion in ice water ,
or Body Cooling Unfts (BCUS) in the hospitals. It was reported in a half marathon (21-km.
run) in Singapore, a fiéld-deployed BCU was used for cooling ﬁyperthermia patients.

Seventy-two thousand runners participated in the event, which was held in an ambient

“temperature of 30°C with relative humidity of 86%. In the event, there were 7 hyperthermia

patients, and 3-patiehts with heatstroke were hypotensive. After the diagnosis of heatstroke
or heat exhaustion, initiai resuscitation was commenced immediately, and the patients were
transferred to the BCU for evaporative cooling. The evaporative cooling method had been
demonstrated to be effeétive in the treatment of heat injuries. The cooling therapy would be
terminated once the rectal iemperature falls below 39°C to avoid hypothermia. Casualties

would subsequently be transferred to a tertiary care center for further management.

In most severe situations, EHI need to be assessed and appropriately cared to

prevent possible serious consequences or fatalities. The most serious of these ilinesses is
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exertional heat stroke (EHS), a condition marked by an eleva'ted core body temperature
greater than 40°C and central nervous system dysfuhcti'on. Heat stroke in distance runners

is increasing in frequency. Because the most critical predictor outcomé after EHS is the

. amount of time that core body temperature remains above a critical threshold, athletic -

trainers should, whenever possible, implerhent the most effective cooling required

immediately. Other classic heat stroke involve passive thermal exposure, hormally affecting

" the elderly in a non-air-conditioned enAvironme'ntgor young beihg abandoned in vehicles

during hot weather. Induced hypothermia, where the bodyv temperature"i's'purpo_sel'y lower.

by a few degrees centigrade, is gaining attention for treating heat stroke patient, as well as

~ beneficial therapy for treatment during and after conditions of hypoxia and ischemia. If

cooling is delayed, the benefits déc;r_ease as function of time. For exambl'e,"therapeutic

hypothermia resulted in 16% improvement in survival of patients following cardiac arrest,

despite the cooling being mild, only 4°C below normal body temperature.

Given the time-critical nature of such life threatening emergencies and many of
these injuries occur outside of the hospital, the time required to achieve cooling becomes a

critical parameter.

Current typical cooling methods for induced hypothermia can be divided into two

categories: devices that cool the body from outside and devices that are invasive to reduce

the core body temperature within the patient. Current external cooling devices, such as

Flex.Pad by EmCools, ArcticGel by Medivahcé, caoling blankets or ice bags, which are
much simpler to implement, relatively inexpensive and do not pose many of the risk
associated with the more invasive internal cooling, especially for patients outside the

hospital. However, such approach.is slow. In-general,-the range of time to achieve 4°C of

cooling for these devices spans from more than 2 hours to almost 7 hours.
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Internal cooling has the best ability to cool locally more rapidly with the use of Peltier

cooler but current devices are more invasive, costly and are still not able to provide rapid

cooling within 'the 5-min interval. Cardibpulmonary bypass énd recirculating coolants such
as Alsius CoolGard 3000 syste,m and Philiés InnerCool systém cén achieve the cooling rate ‘
but are currently extremely invasive and require a highly skilled team to implement. Nurses
and physicians recognize the limitations of external methods in that they are clinically

ihefﬁcient, labour intensive and limit access: to critically ill patients.

In light of the above, those skilled ’_in the art are striving to providé an effective and

portable cooling sys{efh for treating heat related ilinesses.

Summary of the lnvention

The above and other problems are solved and an advance in ihe_ art is made by a
pdrtable evaporative cooling system in accordance with this invention. A first advantage of
a portablé evaporative cooling systerﬁ iniaccordancé with this invention is_thaf the portable |
evapbrative cooling system requires a few components and can be easily used when
required. A second advantage of a portable evaporative cooling system in accordance with
this invention is that the portable evaporativé cooling systerh is that no electrical power
supply is fequired to work the system. A third-advantage of a portabie evaporative cooling
system in accordance with this invention IS that the poriable evaporative cooling system
includes a few components and hence is' poﬁable. This means that the vportable

evaporative cooling system can be carried to remote areas.

In accordance with embodiments of this invention, a portable evaporative cooling
sysfem is’ configured in the following manner. The portable evaporative cooling system
comprises a cover, a first conduit, a second conduit and a number of nozzles. The first

conduit is for conveying dry gas while the second conduit is for conveying liquid. Each of
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the nozzles includes a base with a first inlet in fluid communication with the first conduit, a

second inlet in fluid comrriunication with the second conduit, and an outlet. The base

defmes -a first passageway extendmg between the first inlet and the outlet and a second

passageway extending between the second mlet and a tip of the outlet. The nozzles are. .

fitted on the cover with the outlet extending through apertures of the cover.

In accordance with an embodiment, the evaporating cooling system further includes
a ret'ractable‘frarﬁe and a blanket cdupled to the retractable frame such that when the

retractable frame is unfolded, the blanket is subport on the retractable frame.

In accordance with an embodiment, the cover comprises an inflatable tube along a
perimeter of the cover configured such that when inflated, forms an arc along a width of the

cover.

In accordance with an embodiment, the evaporating cooling system further

conﬁprises a control valve provided along the first conduit to control the flow of the gas.

Another control valve is previded along the second conduit to regulate the flow of liquid.

In accordance with an embodiment, the evaporating cooling system further
comprises a number-of tube couplings for connecting each of the first inlet of the nozzles
with the first conduit, and each of the second inlet of the nozzles with the second

conduit.

In accordance with an embodiment, a container containing compressed gas in fluid
communication with said first conduit is provided. ‘In accordan‘ce with another embodiment,

a container containing liquidised gas in fluid communicatioh with the first conduit is provided.



10

15

20

25

WO 2015/195044 : v ' PCT/SG2014/000288

In yet another embodiment, a container containing room temperature ‘'water in fluid

communication with the second conduit is provided.

In accordance with an embodiment, a kit bag comprising a bag, a portable
evéporating cooling system, a gas container with compressed gas and a bottle of liquid is
provided. The portable evaporating cooling system, gas container and bottle of liquid are

housed in the bag.

Brief Desqription of the Dfawfngs
| The above and other features and advantages'in accordance with this invention are
described in thé following detailed description a.nd are shown in the following drawings:
'Figure 1 illustrating a perspective view of a portable évaporative‘cooling syétem in
accorda.nce with an embodithent of this invention;
Figure 2 illustrating conh(;ctions between the nozzle, first conduit and the second
conduit in acéordance with an embodiment of this invention; and
Figure 3 illustrating a perspective view of a fréme in accordance with an

embodiment of this invention.

Detailed Deécription
This invention relates to a cooling Syétem for treatfng heat related illnesses.
Particularly, this invention relates to an evaporative cooling system that is portable. More -
particularly, this inventién relates to a portable evaporative cooling system for treating heat

related ililnesses effectively.

Heat exhaustion patient has a body tempelrature' of as high as 40°C. It is important
to cool the body as fast as possible, preferably within 5 minutes, before causing

complication arfses. Ideally, the body temperature has to be brought down to less than 39°C
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within 30 minutes at a rate not less than 0.15°C/min. However, using current approaches
such as Ice packs or gel pads to cool the body is not fast enough and using ice-water
immersion to quench the body could have adverse effecls. Most existing systems available
for evaporative cooling are not portable. The main objective is to improve the managsment

of a heat stroke patient by initiating an early effective cooling procedure.

Based on the psychrometry theory in the thermodynamics, It is known that the
evaporating rate of water could be moderated by the air flow rate over a damp surface as
well as the relative humidity of the clrculating air, Like the cooling tower, heat energy
removed from water through the evaporating process could result in a reasonable decrease
in the water temperature. Besides manipulating the flow rate, we could also supply alr or
gas with a lower humidity to improve the evaporating cooling effect. Our preliminary study
shows that sprinkling of water at 22.7°C can cool to 18.8°C on & path of airflow at room
conditions. The water of the same temperature can be further lower to approximately 16°C
by the evaporative cooling using a dryer-air flow concept. If the circulating air supply has a
lower relative humidity, more waler could be evaporated into the circulating air. With higher
flow rate of supply air, more heat will ba removed through the evaporation process.
Referring to the psychrometric properties of air-vapour mixture, the evaporating rate or
cooling effect depends very much on the air-supply tamperature and its relative humidity.
Referring to the psychrometric chart below, an appropriated dryness of air flow, say a
relative humidity of 256%, the air of even as high as 29°C can achieve an effective cooling
effect of 16°C by the evaporative cooling based on the wet-bulb temperature reading from
the chart. Hence, better control over the dry air supply temperature or velocity would In turn

optimise the evaporation rate of the water, resulting cooler mists,
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- A portable evaporative cooling system is provided to 'cre‘at.e cooled mists from
unpressurised room-temperature water through the use compressed gas or liquidised
5 gas connected to rows of atomisers attached to a foldable frame or a lightweight blanket. -
‘The portable evaporative cooling system uses atomisers togeth’er‘ with a method of
supplying continuous flow of dehumidified air to create massive cooling-mist flow over heat
exhaustion patients. Further details of the portable evaporative cooling system will be -
‘described below.
10
~Figure 1 shows a portabie‘ evapo.rative gooling system 1-00. The portable
evaporative Acooling system 100 includes a first conduit 110, a second conduit 120, a
. number of nozzles 130-134, and a cover 140. A Iviquid container 180 is connected to the
second conduit 120 for supplying liquid. A gas container 190 ié conneéted to the first

15  conduit 110 for supplying gas.
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Compressed gas kept in an insulated, portable, refillable carrying gas container 190
may be used for consistent supply of pressurised gas. Alternatively, liquidised gas could be
used. When the liquidised gés evabora'_(es, the latent heat absorbed cools the whole
systém. ‘Th‘is means that the supply gas for patient delivery \‘Nil’l be cooler. A vaive control'
on the portable gas contafner 190 may be provided to enable a user to édjust an
appropriate gas flow rates. This consumes no external electricity power. The pressurised
gas with very low relative humidity exists through rows of atomiser nozzles, creating a ,high
velocity of gas flow through a narrow channel in the nozzles, resulted a relatively. lower
static pressure near the exit. | Gas container 190 is in fluid communication with the hbzzles
130-134 via first conduit 110. A first control valve 170 is provided between the first
conduit 110 and the gas cbntainer 190 to regulate the flow of the gas being supplied to

the nozzles 130-134.

Liquid container 180 is ahy container for holding liquid such as a small water

container, water bottle, water bag, or pail. Liquid container 180 is in fluid communication

with the nozzles 130-134 via second conduit 120. . A second control valve 175 is
pro'vided between the second conduit 120 and the liquid container 180 to fegulate the

flow of the liquid being supplied to the nozzles 130-1 34;

First conduit 110 and second conduit 120 are flexible. tubing for conveyihg gas
and quuid‘resp'ective!y. Figure 2 shows a magﬁiﬁed view of a nozzle 130. As: shown in
figure 2, each of the nozzles 130-134 includes a base 200 having a first inlet 210, a
second inlet 220, and ah outlet 230. A first paésageway 240 and a second passageway

250 are defined within the base 200. The first inlet 210 is in fluid communication with

 the first passageway 240 and is adaptab!e to connéct to orie end of first conduit 110 to

receive gas supply from gas container 190. The second inlet 220 is in fluid

communication with the second passageway 250 and is adaptable to connect to one
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end of the second conduit 120 to receive liquid supply from the liquid container 180.
Tube couplings are provided to connect the first inlet 210 with the first conduit 110, and
second -inlet 250 with the second conduit 120.  The outlet 230 extends through the

aperture 141.

The first passageway 240 extends between the first inlet 210 and outlet 230.
The second passageway 250 extends between the sé_’acond inlet 220 and the tip 231 of

fhe outlet 230. The first bés;sageway 240 has -a narrower radius compared to the

-Second passageway 250. As shown in figure 2 the second passageway 250 extends

to the tip 231 of outlet 230. As gas is directed 6ut from the tip 231 of the outlet 230, fluid is
drawn from the Iiduid containér 180 to the nozzles 130-134 and sprinkle out through the
outlet 230 of nozzlés 130-134. Hence, a water‘pump is not required to push» the ﬁquic‘i from
the liquid container‘180 to the nozzles 130-134. In particular; a higher velocity of gas
flowing out from outlet 230 results in a lower static pressure in the second passageway 250.
The relatively lower static pressure fn the second passageway 250 will draw or extract liquid
from the liquid container 180 and dispense out of the outlet 230 without an electrical pump.
In other words, nozzles 130-134 function as an atomiser nozzle to .dispense gas and

liquid.

Advantageously, the high velocity flow rate at the outlet 230 will also draw in the

surrounding air and amplify thé flow rate. Higher flow rate and lower relative humidity of air

and gas will stimulate the evaporation effect to promote an effective whole-body cooiing

through phase-change

The use of compressed air or liquidised gas to'create' a high velocity flow of dry_gas_
removes the need of an external electrical power source, unlike other techniques which

involved fans and dehumidifier to creafe flow of dehumidified air. This provides é continuous
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flow of relatively-low-humidity air or dry gas over sprinkling of water mists to promote an

effective whole-body cooling through phase-dhange.

The cover 140 is adapted to cover and/or isolate the patient. This shields the patient

. from direct sunlight and isolates the patient from the surrounding environment. The cover

140 is a flexible sheet of material Which includes apertures 141-145 adapted to fit the

nozzles 130-134 with at least the outlets extending therethrough. The apérturés 141-145

- are distributed on the surfacie'of the flexible sheet. The 6over 140 has a length and a .

width. When not in Ose, the cover 140 is folded and stored in a kit bag. When required, the
cover 140 is unfolded fom{ing an arc along the width. As shown in figure 1, the apertures

are distributed‘along the length of the cover 140 and at the top of the arc. However, one

skilled in the art will recognise that other arrangement may be implemented without

departing from the invention. In order for the cover to form an arc along the width, a frame

as shown'in figure 3 may be provided. The frame includes flexible rodsﬂ 310-312 having a

'length longer than the width of the cover such that when the flexible rods are fitted along the

- width of the cover 140, the cover 140 forms an arc. A pair of rods is fitted along the sides of

the cover 140: Alternatively,‘a retractable frame may be provided. After Unfolding of the
retractable frame, the cover 140 may be supported on the retractable frame. In yet another
embodiment, the cover 140 may include inflatable tube arranged along the berimeter of the
cover such that when inflated, the cover forms an‘ arc along the width of the cover 140.

One skilled in the art will recognise that other methods may be provided to form an arc

along the width of the cover 140 without deparﬁng from the invention as long as an arc is

form along the width of the cover. This is required so that the cover is not in contact with

the patient. This allows the right amount of cooled mist to be delivered to achieve an
optimal cooling effect for the patient lying below. Without the need to soak the whole body
of the patient, a bedside monitoring system can be attached to the patient to continue

monitoring the other essential parémeters. The rate of cooling can be closely monitored to

10
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control the cooling therapy. Further, since the cover is not in contact with the patient, the

mists will be effectively cooled before reaching the patient lying below the system.

" The first control valve 17Q -_ﬁay be pfovided at the ﬁrst' conduit 110 to éohtfgi the
velocity of thé gas supply from the gaé container 180. The éecond cg—c>ntrol valve 175 may
be provided at the second conduit 120 to control the velocity of the liquid supply from the
liquid container 190. Although figure‘ 1 shows 6nly two bontrol valves, one skilled in the art -
Will recoghi‘se that more than t_Wo control valves may be used without departing from the
invention. This allows optimising thé évaporative cboling effect with only a small amount 6f
water being used. In other words, by control_ling the flow rate of the gas suppiy and
regulating the flow of the liquid supply, the ratio of the gas and liquid to be dispensed from
the nozzles 130-134 cah be manipulated to improve' the evaporating. process. This
optimizes the effectiveness of the cooling process with a 'right e-t‘mount of cooled mist to be

delivered to the patient. Unlike other techniques which have patients completely soaked in

water, other electronic measuring devices could be attached co-currently on the patients

'together with this invention to continue monitoring the other essential parameters, as well as

monitoring the effect of the evaporative cooling.

In a typical setup, the portable evapdrative cooling system consists of only a
portable compressed or liquidised gas container for supplying gas and a smaI‘I liquid

container connected to rows of atomiser nozzles attached to a foldable frame or a light-

- weight blanket. Minimal setup procedure is required since the cooling system include a few

components. Hence, the system can be easily deployed when required. Since the portable

evaporative cooling system has to be portable, the total weight of the system is preferably

as light as>possible. When the cover is anolded, the length of the cover shéuld be long

enough to cover most part of the body and the width should be wide enough to form an arc

to a certain height to accommodate a heat stroke patiént in it and the row of nozzles shall

11
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. be positioned just above the patient lying under the cover. When not in uvsed, the cooling

system can be packed into a portable kit such as like a backpack that can be easily carried

by an individual.

The portable evaporative cooling system can be deployed in an ambulance or
helicopter during standbys. When the ambulance is being deployed, the cooling system -

can be delivered together with patient on the stretcher in ambulance or.'helicopter.

The above is a description of exemplary erhbodiménts of a portable cooling system
in accordance with this invention. It is foreseeable that those skilled in the art can and will

design alternative apparatus or device based on this disclosure that infringe upon this

invention as set forth in the following claims.

12
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Claims

1. A portabla evaporative cooling system comprising:

a cover having a retractable frame and a blanket coupled to said retractable frame
such that when said frame Is unfolded sald blanket is support on said retractable frame;

a first conduit for conveying dry gas;

a second conduit for conveying liquid;

& plurality of nozzles, each of said plurality of nozzles having a base with a first inlet
in fluid communication with said first condult, a second inlet in fluid communication with
said second conduit;, and an outlet, said base defining a first passageway extending
between sald first Inlet and sald outlet and a second passageway extending between
sald second Inlet and a tip of said outlet, and wherein said plurality of nozzles are fitted on

sald cover with said outlet extending through apertures of said cover.

2, The evaporating cooling system according to claim 1 wherein said cover comprises:
an Inflatable tube along a perimeter of said cover configured such that when inflated,

forms an arc along a width of said cover.

3. The evaporating cooling system according to claim 1 further comprising a control

valve provided along sald first conduit to control the flow of the gas.

4, The evaporating cooling system according to claim 3 further comprising another

control valve provided along said second conduit to regulate the flow of liquid.

5. The evaporating cooling system according to claim 1 further comprising a plurality of

tube couplings for connecting each of said first inlet of said plurality of nozzles with sald

13
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first conduit, and each of sald second inlet of said plurality of nozzles with said second

conduit,

6. The evaporating cooling system according to claim 1 further comprises a contalner

containing compressed gas in fiuid communication with said first conduit,

1. The evaporating cooling system acoording to claim 1 further comprises a container

contalning liquidised gas in fluld communication with sald first conduit.

8, The evaporating cooling system according to claim 1 comprises a container

containing room temperature water in fluid communication with said second conduit.
9. A kit bag comprising a bag, a portable evaparating cooling system according to

claim 1, a gas container with compressed gas and a bottle of liquid, sald portable

evaporating cooling system, gas container and bottle of liquid are housed in sald bag.
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