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A Fluid Handling Device and a Method of Heating or Cooling a Fluid Flow
Technical Field

[0001]- The present invention relates to a fluid handling device and a method of

heating and cooling a fluid flow. -
Background

[0002] Handling, e.g. heating or cooling, of a fluid, e.g. air or'liquid, has been used
commonly to h_eé\t or cool an environment. For example, heating of air to warm up a room

in cold weather, cooling of liquid to cool down a machine.

[0003] Conventional method of heating and cooling a fluid is usually via a heat
exchanger. Briefly, a fluid is passed thfough a heating or cooling element, whichever that
is applicable, so that, in the case of heating, thermal energy is transferred froﬁ; the heating
element to the fluid to heat the fluid, in the case of vcooling, thermal energy is transferred
from the fluid to the cooling element.-The heating or cooling element may be a fluid

~ heating or cooling element whereby hot or cold fluid flows within the element.

[0004] Often, the fluid being pumped into the heat exchanger is taken from a source
of ambient or room temperature, e.g. 30°C. Substantial amount of energy is required to

heat up or cool down the fluid to a desired temperature, e.g. 100°C or 20°C.

[0005] Further, fluid to heat or cool an environment, i.e. working ﬂuid, is usually
taken from the surrounding of the heating or cooling apparatus. As Such, the working fluid
is usually at ambient or room temperature and pressure. Similarly, to cool or heat the
working fluid to a desirable temperature, substantial amount of energy is required to heat

up or cool down the workiﬂg fluid.

[0006] Clearly, the heating or cooling of a working fluid for the purpose of heating or
cooling an environment may not be energy efficient. In today’s context, where global
warming is one of most concerning issue of mankind, a more energy efficient device and

method of heating or cooling the Working fluid would be in demand.
Summary

[0007] . According to various embodimenfs, a fluid handling device adapted to heat or
cool a first fluid flow is provided. Fluid handling device includes a thermal chamber
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adapted to heat or cool the first fluid flow in the thermal chamber; and an input channel
adapted to channel the first fluid ﬂow into the thermal chamber, an outlet channel adapted
“to channel a heated or cooled second ﬂu1d flow out of the thermal chamber, such that the
| thermal energy of the second fluid ﬂow along the outlet channel is higher or lower than _
the thermal energy of the first ﬂuld flow along the input channel, such that the outlet
channel is thermally connected to the input ehannel, such that the outlet channel is ndapted
_ to transfer thermal energy between the heated or cooled second fluid flow along the outlet
channel and the ﬁrst fluid flow along the input channel to heat or cool the first fluid flow

before entering the thermal chamber.

[0008] According to various embodiments, the second fluid flow along‘the outlet

channel may be isolated from the first fluid flow along input channel.

[0009] According to various embodiments, the second fluid flow exiting the thermal
chamber via the outlet channel may be a portion of the first fluid flow along the thermal

chamber.

[0010] -According to various embodiments, the outlet channel may be therinally
connected to the input channel via a fluid channel, such that the fluid channel may be in
thermal communication with the outlet channel and in thermal communication with the
input channel. The ﬂnid channel may be adapted to receive a third fluid flow therein, such
that thermal energy may be transferred between the third fluid flow along fluid channel
and the second fluid flow along the outlet channel thereby heating or cooling the third
fluid flow. As such, the thermal energy may be transferred between the first fluid flow
along the input channel and the third fluid flow along the fluid channel thereby heating or

cooling the first fluid flow along the input channel.

[0011] According to various embodiments, the third fluid flow along the fluid

channel may be isolated from the first fluid flow along the input channel.

[0012] According to various embodimentsv,' the second fluid flow along the outlet
channel may be the same fluid flow as the first fluid flow along the input channel, such
that the first fluid flow from the input channel may be channelled out of the thermal

chamber via the outlet channel as the second fluid flow.

[0013] | ‘According to various embodiments, fluid handling device may further include
an output channel adapted to allow the first fluid flow from the input channel to flow out
2



WO 2015/099604 PCT/SG2013/000552

of the thermal chamber via the output channel, an inlet. channel adapted to allow the

second fluid flow into the thermal chamber, the inlet channel in fluid communication with .

the outlet channel, such that the second fluid ﬂow 1nt0 the thermal chamber may be

. adapted to be channelled out of the thermal channel via the outlet channel.

[0014] According to various embodiments, the fluid - channel may include an

evaporative liquid.

[0015] According to various embodiments, the thermal chamber may include an-

evaporative liquid."

[0016] According to various embodiment_s’; the input channel and/or the output

channel may include an evaporative liquid.

[0017] According to various embodiments, the first fluid ﬂoW from the input channel
to the output channel may be an airflow and the second fluid flow from the inlet channel
to the outlet channel may be an evaporative liquid flow, such that the airflow through the
thermal chamber vaporises the evaporative liquid flow thereby cooling the evaporative

liquid flow hence cooling the thermal chamber.

[0018] According to various embodiments, the evaporative liquid flow may be
adapted to flow through the thermal chamber from the inlet channel to the outlet channel
in a fluid direction and the airflow flows from the input channel to the output channel in
an airflow direction such that the fluid direction may be substantially perpendicular to the

airflow direction.

. [0019] According to various embodiments, the outlet channel may be fluidly

connected to a fluid tank.

[0020] According to various embodiments, the fluid handling device may be a

cooling device, such that the thermal chamber is a coollng chamber. -

[0021] = According to various embodiments, a method of heating or cooling a first fluid
flow with a fluid handling device is provided. The method includes receiving a first fluid
flow into a thermal chamber via an input channel; heating or cooling the first fluid flow
through the thermal chamber; channelling the heated or cooled second ﬂuid flow fromthe‘
thermal chamber into an outlet channel, the outlet channel being in . thermal
communication with the input channel, wherein the second fluid flow along the outlet
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channel has a highef or lower thermal energy than the first fluid flow along the input
channel; and transferring thermal energy between the second fluid flow along the outlet
channel and the first fluid flow along the input channel thereby heating or coqlin_g the first

- fluid flow aléng the input channel.

[0022] According to various embodiments, the method may further include receiving

the second fluid flow into the thermél chamber via an inlet channel.

[0023] - According to various embodiments, the method may further include

channelling the first fluid flow out of the thermal chamber via an output channel.

[0024] According to various embodiments, transferring the thermal energy between
the second fluid flow along the outlet channel and the first fluid flow along the input
channel may include, reéeiving a third fluid flow in a fluid channel; transferring thermal
energy between the third fluid flow along the fluid channel and the second fluid flow
along the outlet channel; and transferring thermal energy between the first fluid flow along
the input channel and the third fluid flow along the fluid channel thereby heating or

cooling the first fluid flow along the input channel.
[0025] According to various embodiments, the first fluid flow may be an airflow.

[0026] - According. to various embodiments, the second fluid flow may be an ,

evaporative liquid flow.

Brief Description of Drawings

[00271 - Fig. 1 shows a sectional view of an exemplary embodiment of a fluid handling
device;
[0028] Flg 2-shows a sectional view of an exemplary embodiment of the fluid

handling device in Fig. 1;

[(0029] Fig. 3 shows a sectional view of an exemplary embodiment of the fluid

handling device in Fig. 1;

{0030] Fig. 4 shows a flowchart of a method of heating or cooling a first ﬂliid flow
using the fluid handling device in Fig, 1; '
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[0031] Fig. 5 shows a sectional view of an exemplary embodiment of the fluid

handling device in Fig. 1; .

“[0032]" - Fig. 6 shows a sectional view of ‘an exemplary embodiment of the fluid”

handling device in Fig. 1;

[0033] Fig. 7 shows a sectional view of an exemplary embodiment of the_ﬂﬁid

handling device in Fig. 1;

[0034] Fig. -8 shows a sectional view of an exemplary embodiment of a fluid handling

device;
[0035] Fig. 9 shows a sectional view of the fluid handling device in Fig. §;

[0036] Fig. 10 shows a sectional view of an exemplary embodiment of the fluid -

handling device in Fig. 8;

[0037] Fig. 11 shows a sectional view of an exemplary embodiment of the fluid

handling device in Fig. §;

[0038] Fig. 11A shows a sectional view of an exemplary embodiment of the handling

device in Fig. §;

[0039] Fig. 12 shows a flowchart of a method of cooling a first fluid flow using the
fluid handling device in Fig. 8; ’

[0040] Fig. 13 shows a sectional view of an exemplary embodiment of the fluid

handling device in Fig. 1 or Fig. 8;
Detailed Description

[0041] Fig. 1 shows an a fluid handling device 100. Fluid handling device 100 is
adapted to héat or cool a first fluid flow 10. Fluid handling device 100 has a thermal
chamber 110 adapted to heat or cool the first fluid flow 10 in the thermal chamber 110, an
input channel 122 adapted to channel the first fluid flow 10 into the thermal chamber 110,
an outlet channel 128 adapted to channel a heated or cooled second fluid flow 12 out of
the thermal chamber 110 such that the thermal énérg'y‘ of thé second fluid flow 12 along
the outlet channel 128 is higher (;r lower than the thermal energy of the first fluid flow 10
along the input channel 122. Outlet channel 128 is thermally connected to the input
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channel 122 such that the outlet channel 128 is adaptéd to transfer thermal energy between
the heated or cooled second fluid flow 12 along the outlet channel 128 and the first fluid
flow 10 along the input channel 122 to heat or cool the first luid flow 10 before entering
the thermal chamber 110.

[0042] As shown in Fig. 1, fluid haﬁdling device 100 has a fhermal chamber‘ 110.
Fluid handling device 100 has an input channel 122 for channelling the first ﬂﬁid flow 10
into the thermal chamber 110. Input channel 122 may be at about a first end 112 of
thermal chamber 110. Fluid handling device 100 has an outlet channel 122 for channelling
a heated or cooled second fluid flow 12 out of the thermal chamber 110. Outlet channel
122 may be at about a second end 114 of the thermal chémber 110. Second end 114 may
be along an edge of the thermal chamber 110 spaced from the first end 112. Second end
114 may be opposite the first end 112 across the thermal chambér 110.

[0043] Fluid handling device 100 may include a thermal conduit 130 adapted to
transfer thermal energy between the input channel 122 and the outlet channel 128.
Thermal conduit 130 may be in thermal communication with the input channel 122 and
outlet channel 128. Thermal conduit 130 may include a receiving end 132 adapted to be in
thermal communication with outlet channel 128 and a conducting portion 134 adapted to
be in thermal communication with input channel 122. Thermal conduit 130 may be a
thermal conductor adapted to conduct thermal energy between the input channel 122 and

the outlet channel 128.

[0044] Thermal chamber 1.10 may include a thermal element 102. Thermal element
102 may be a heat exchanger to allow exchange of heat between the first fluid flow 10 and
the thermal element 102. For heating purposes, thermal element 102 may be a heating
element, e.g. heating coil. Thermal element 102 may be a fluid conduit connected to a
heated fluid source and adapted to allow heated fluid through the fluid conduit. For
cooling purposes, thermal element 102 may be a cooling element, e.g. a cooling coil.
Thermal element 102 may be a fluid conduit connected to a fluid source with cooled liquid

and may be adapted to allow cooled fluid through fluid conduit.

[0045] As first fluid flow 10 enters the thermal chamber 110 via input channel 12,

~ first fluid flow 10 may be heated or cooled by the thermal element 102 as required. After

the first fluid flow 10 has been heated or cooled, first fluid flow 10 may exit thermal

chamber 110 through outlet channel 128 as heated or cooled second fluid flow 12. As
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second fluid flow 12 flows through the outlet channel 128, thermal ‘energy may be
- transferred between the thermal conduit 130 and the second fluid flow 12. As such,
thermal condult 130 may be heated or cooled to a temperature of second ﬂuld flow 12,
“ whrch is h1gher or 1ower than the temperature of the first fluid ﬂow 10 accordingly, after
the first fluid flow 10 has been heated or cooled by thermal_ -element 102. As thermal
conduit 130 may be thermally connected to the input channel 122, thermal energy may be
transferred between the first fluid flow 10 énd therm‘al conduit 130. As such, first fluid
flow 10 may be heated or cooled by the thermal conduit 130 before entering the thermal
chamber 110. From the above, it may be understood that‘the “heat” or “coldness” of the

second fluid flow 12 is “transferred” to the first fluid flow 10.

[0046] Heated or cooled second fluid flow 12 may be used for heatmg or cooling

purpose e.g. cooling an engme heating or cooling a room.

[0047] It is clear in Fig. 1 that second fluid flow 12 along outlet channel 128 may be
isolated from the first fluid flow 10 along the input channel 122 such that fluid handling
device 100 allow thermal energy transfer between input channel 122 and outlet channel

128 but not fluid transfer.

[0048] Thermal conduit 130 may be connected to a heat exchanger (not shown in Fig.
1) so that the cooled second fluid flow 12 can be used to cool a thermal body, e.g. air,
water. Thermal conduit 130 may be in thermal communication with the thermal body and’
may be used to heat or cool thethermal body accordingly. The thermal body may be
heated or cooled to the same temperature of second fluid flow 12. After the thermal
exchange with the thermal body, second fluid flow 12 may be used to cool first fluid flow

10 as described above.

[0049] | Fig. 2 shows fluid handlirlg device 200. Features of fluid handling device 200
in Fig. 2 that are identical to features of fluid handling device 200 in Fig. 1 have the same .
reference numeral. Thermal conduit 130 may be a fluid channel 160. As shown in Fig. 2,
outlet channel 128 may be thermally connected to the input channel 122 via fluid channel
160, such that fluid channel 160 may be in thermal communication-with the outlet channel
128 and in thermal communication with the input channel 122. Fluid channel 160 may be
~adapted to receive a third fluid flow 14 therein, such that thermal energy may be
transferred between the third fluid flow 14 along fluid channel 160 and the second fluid

" flow 12 along the outlet channel 128 thereby heating or cooling the third fluid flow 14 and
= ‘
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such that the thermal énergy may be transferred between the first fluid flow 10 along the
input channel 122 and the third fluid flow: 16 along the fluid channel 160 thereby heating
or cooling the first fluid flow 10 along the input channel 122.

[0050] 'F luid channel 160 may be connected to a fluid source (not shown in Fig. 2).
Fluid source may be of ambient temperature or a heated or cooled fluid source. Flﬁid
‘channel 160 may have a first thermal interface portion 166 adapted to allow thermal
energy transfer between input channel 122 and fluid channel 160. Fluid channel 160 may
have a second thermal interface portion 168 ‘adapte’d to allow thermal energy transfer
between outlet channel 128 and ﬂuid channel 160. First and second thermal interface
portion 166,168 may be a conduit, a plate or any element capable of conducting thermal
energy. As third fluid flow 14 travels along first thermal interface portion 166 Within fluid
channel 160, thermal enérgy may be transferred between input channel 122 and fluid
- channel 160. If third fluid flow 14 has a lower thermal energy level than that of first fluid
flow 10, thermal energy may be transferred from first fluid flow 10 to third fluid flow 14
and vice versa. Similarly, as third fluid flow 14 travels along second thermal interface
portion 168 within fluid channel 160, thermal energy may be transferred between outlet
channel 128 and fluid channel 160. If third fluid flow 14 has a loWer thermal energy level
than that of second fluid flow 12, thermal energy is transferred from second fluid flow 12

to third fluid flow 14 and vice versa.

[0051] As shown in Fig. 3, fluid channel 160 may include an inlet end 162 that is
fluidly connected to the outlet channel 128 such that fluid channel 160 may be in fluid
communication with the outlet channel 128 via the inlet end 162. Fluid channel 160 may
extend from outlet channel 128 to or towards input channel 122. Fluid channel 160 may be
in thermal communication with the input channel 122 at first thermal interface portion 166
such that thermal energy may be transferred between the third fluid flow 14 along fluid
channel 160 and the first fluid flow 10 along input channel 122.

[0052] Sééoﬁd fluid flow 12 exiting the thermal chamber 110 via the outlet channel
128 may be a portion of the first fluid flow 10 along the thermal chamber 110. First fluid
flow 10 may be directed out of thermal chamber 110 into the outlet channel 128 as second’
fluid flow 12. Fluid channel 160 may receive second fluid flow 12 or a portion of second
fluid flow 12 along outlet channel 128 such that the second fluid flow 12 into the ﬂuid_

‘channel 160 becomes third fluid flow 14, i.e. second fluid flow 12 or a portion thereof
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may be directed into the fluid channel 130 as third fluid flow 14. Remaining portion of
second fluid flow 12 may be directed out of fluid handling device 300 for heating or

coolmg purposes

[0053] As shown in Fig. 1, Fig. 2 and Flg 3 second fluid flow 12 along the outlet
channel 128 miay be isolated from the first fluid ﬂow 10 along input channel 122. Second
fluid flow 12 through the outlet channel 128 does not flow into the input channel 122 or
flow “back” into input channel 122. As shown in Fig. 2 and Fig. 3, third fluid flow 14
| along the fluid channel 130 may be isolated from. the first fluid flow 10 along the input
channel 122. Third fluid flow 14 may be isolated from the first fluid flow 10 such that
fluid handling device 200,300 allow/s thermal energy transfer between input channel 122
and outlet channel 128 but not fluid tfansfér; Second fluid flow 12 or a portion thereof
may flow out of the thermal chamber 110 through the outlet channel 128 and may not flow

back into the thermal chamber 110 or into the input ¢hannel 122.

v[0054] Second fluid flow 12 may be directed back into the input channel 122 or
thermal chamber 110 (as third fluid flow 14) to allow mixture of the heated or cooled
second fluid flow 12 (or third fluid flow 14) with the first fluid flow 10 to heat up or cool

down the first fluid flow 10 before entering or in the thermal chamber 110.

[0055] F1g 4 shows a diagram of a method 1000 of heating or cooling a first fluid
flow with fluid haﬁdlihg device 100,200,300. Method 1000 .includes recetving a first fluid |
flow into a thermal chamber 110 via an input channel 122 as shown in step 1100; heating
or coolingb the first fluid flow 10 ‘through the thermal chamber 110 in step 1200;
channelling the second heated or cooled fluid flow 12 from the thermal chamber 110 into
an outlet channel 128 in step 1300. Outlet channel 128 being in thermal communication
with the input channel 122, such that the second fluid flow 12 along the outlet channel 128
has a higher or lower thermal energy than the first fluid flow 10 along the input channel
122; and transferring thermal energy between the second fluid flow 12 along the outlet
channel 128 and the first fluid flow 10 along the input channel 122 thereby heatlng or
cooling the first fluid flow 10 along the input channel 122 as shown step 1400.

[0056]  Fluid handling - device 100,200,300 may receive first fluid flow 10 by
channelling first fluid flow 10 into thermal chamber 110 via input channel 122. As first
fluid flow 10 enters and goes through thermal chamber 110, ﬁr_st fluid flow 10 may be

heated or cooled by heating or cooling element 102 where appropriate. Heated or cooled
9
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first fluid ﬂdw 10 may exit thermal chamber 110 via outlet channel 128 as second fluid
flow 12. Comparatively, second fluid flow 12 may have a higher or lower thermal energy
than first fluid flow 10. As outlet channel 128 is in thermal communication with the input

-~ channel 122, thermal energy may be transferred Between the outlet channel 128 and input |
- channel 122. In this way, thermal energy may be trahsferred between second fluid flow 12
and first fluid flow 10, i.e. thermal energy may be transferred from heated second fluid
flow 12 to first fluid flow 10 or thermal energy may be transferred from heated first fluid
flow 10 to second fluid flow 12. Accordingly, first fluid flow 10 may be heated or cooled

before entering thermal chambef 110.

[0057]-  Fig. 5 shows an exemplary‘embodiment of a fluid handling device 500 being
~ configured as a cooling device. Fluid handling device 500 may be a cooling device such
that thermal chamber 110 may be a cooling chamber. Thermal chamber 110 may include
~ an evaporative liquid 154. First ﬂuid flow 10 may be an airflow 140:" Evaporative liquid
154 meiy vaporise ‘into airflow 140 as airflow 140 passes over or through evaporative
liquid 154. Thermal chamber 110 may be cooled as evaporative liquid 154 vaporises, i.e.
by evaporative cooling. As airflow 140 passes through thermal chamber 110, airflow 140
may be cooled within thermal chamber 110. Airflow 140 becomes saturated, i.e. relative
humidity of airflow 140 increase towards 100%, as airflow 140 goes through thermal
chamber 110. Accordingly, the temperature of evaporative liquid 154 and consequently,
the temperature of thermal chamber 110 may be lowered until saturation of airflow 140
_ reaches a maximum level. Second ﬂuid flow 12 may be cooled airflow 142. As airflow
140 becomés saturated, evaporation of evaporative liquid 154 decreases or ceases. As
evaporation decreases and ceases, cooling accordingly decreases or ceases. Therefore,
cooled airtlow 142 may have a lower thermal energy level than airflow 140. As shown in
‘Fig. 5, a poﬁion of cooled airflow 142 may be directed into fluid channel 160 towafds

input channel 122. At the interface betweeﬁ input channel 122 and fluid channel 160, e.g.

first thermal interface portion 166, thermal energy may be transferred from the airflow 140

to cooled airflow 142 thereby cooling airflow 140 prior to entering the thermal chamber

110. Evaporative liquid 154 may be replenished into thermal chamber 110 when tﬁe

amount of evaporative liquid 154 is low.

[0058] As shown in Fig. 6, thermal chamber 110 may include a liquid retainer 150.
Liquid retainer 150 may extend from first end 112 to second end 114 of thermal chamber

110. Liquid retainer 150 may be on at least one inner side of thermal chamber 110. Liquid
10
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~ retainer 150 .may be on opposing inner sides of thermal chamber 110. Liquid retainer 150

may be adapted to retain an evaporative liquid 154, e.g. water, alcohol. Evaporaiive liquid

154 may be replemshed into liquid retainer 150 in thermal chamber 11() as the level of

evaporatwe 11qu1d 154 is relatwely low. L1qu1d retalner 150 may be a W1ck1ng element _,

sponge or equivalent.

[0059] First fluid flow 10 may be airflow 140. As airflow 140 eﬁters thermal chamber
110 via input channel 122 and passes above or through liquid retainer 150, liquid 152 may
vaponse into airflow 140 and thereby cooling the thermal chamber 110. Airflow 140 may
“be taken from ambient air and may have ambient humidity and temperature. Airflow 140
may have relatwely hum1d1ty of less than 100% and may be able to absorb vapour from
the evaporat1ve liquid 152. Similar to earlier embodiments, fluid handhng device 600 may
include an input channel 122 adapted to c_hanhel airflow 140 into the thermal chamber 110
and an outlet channel 128 adapted to channel cooled airflow 142 out of thermal chamber
110 after airflow 140 is cooled in thermal chamber 110. Also, similar to earlier
embodiments, cooled airflow 142 or a portion thereof may be channelled into fluid
channel 160 and directed towards input channel 122 via fluid channel 160. Cooled airflow
142 may be adapted to cool airflow 140 as fluid channel 160 is in thermal communication
with input channel 122 such that thermal energy from airflow 140 may be transferred to
cooled airflow 142 along fluid channel 160. It is clear that if thermal chamber 110 is
adapted to heat airflow 140, cooled airflow 142 may be heated airflow 142 and airflow
140 may be heated before entering thermal chamber 110. |

[0060] As shown in Fig. 7, fluid channel 160 may include an evaporative liquid 182.
Fluid channel 160 may include an evaporative compartment 180. Evaporative
compartment 180 may be disposed along fluid channel 160 such that fluid communication
is established between fluid channel and evaporative compartment 180. Evaporative
compartment 180 allows the temperature of cooled airflow 142 to be maintained at wet
bulb temperature. Evaporative compartment 180.allows vaporisation of evaporative liquid
into airflow 142. Cooled airflow 142 along fluid channel 160 may flow through
evaporative compartment 180 and evaporative liquid 182 may vaporise into cooled airflow
lv_42 to allow cooling of evaporative compartment 180 via evaporative cooling. As

mentioned, evaporative cooling would cease if cooled airflow 142 is saturated.
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[0061] As cooled airflow 142 travels along fluid channel 160, the temperature of
cooled airflow 142 may increase. The increase in cooled airflow 142 temperature may be
____dqe___ﬁo_high_er_ _z_imb_ient temperature. As the__témperature of cooled airflow 142 increases,
| rélati;/e -hurhiditgl‘ of ééoled airﬂc-iw "1.42“de_cre.és”e-s;.m If: tile i:élé;[iVé humldltyof cooled
airflow 142 travelling throﬁgh gvaporative compartment 180 drops. below 100%,
evapoyative liquid 182 in evaporative compartment 180 may vaporise into cooled airflow
142 to saturate cooled airflow 142. .'As vaporisation continues in the evaporative
~compartment 180, temperature within evaporative compartment 180 may drop to wet bulb
temperature. Cohsequently, the temperature of cooled airflow 142 may be maintained at a

minimum temperature or wet bulb temperature.

[0062] Fig. 8 shows a fluid handling device 800. f’luid handling device 800 may
include a thermal chamber 210 adapted to cool a first fluid flow 20 in the thermal chamber
210, i.e. thermal chamber 210 may be a cooling chamber. Fluid handling device 800 may
include an input channel 222 adapted to channel a first fluid flow 20 into the thermal
chamber 210. Fluid handling device 800 may include an output channel 224 adapted to
allow first fluid flow 10 from the input channel 222 to flow out of the thermal chamber
210 via the output channel 224. Input channel 222 may be at about a first side 212 of
thermal chamber 210. Output channel 224 may be at about a second side 214 of thefrnal
chamber 210. First side 212 may be opposite second side 214 such that input channel 222
may be substantially opposite output channel 224. Fluid handling device 800 may include
an inlet channel 226 adapted to allow a second fluid flow 22 into the thermal chamber
210. Fluid handling device 800 may include an outlet channel 228 adapted to allow second
fluid flow 22 out of the thermal chamber 210. Inlet channel 226 may be at about a top side
216 of thermal chamber 210 and outlet channe1'228 may be at about a bottom side 218 of
thermal chamber 210. Top side 216 may be substantially opposite.bottom side 218 such
that inlet chénn‘g] 226 may be opposite outlet channel 228. Inlet channel 226 may be in
fluid communication with outlet channel 224, such that second ﬂuvid flow 22 into thermal
chamber 210 may be adapted to be channelled out of thermal channel 210 via outlet

channel 228.

[0063] First fluid flow 20 from the input channel 222 to the output channel 224 may
be an airflow 240 and the second fluid flow 22 from the inlet channel 226 to the outlet
channel 228 may be an evaporative liquid flow 254, wherein the airflow 240 through the

thermal chamber 210 vaporises the evaporative liquid flow 254 thereby cooling the
12
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evaporative liquid flow 254 hence cooling the thermal chamber 210. First fluid flow 20

may be an airflow. As shown in Fig. 8, airflow 240 may flow into thermal chamber 210

via mput channel 222 and dlrected across thermal chamber 210 towards output channel

224 Second ﬂmd ﬂow 22 may mclude an evaporatlve liquid flow 254. Evaporatlve 11qu1d
flow 254 may enter into thermal chamber 210 via inlet channel 226 and directed across
thermal chamber 210 towards outlet channel 228. As airflow 240 flows across evaporative
liquid flow 224, evaporative liquid flow 254 vaporises into airflow 240. As vaporisation
takes place, evaporative cooling occurs and airﬂ0w>240 cools. Consequently, thermal
charﬁber 210 cools to wet bulb temperature of the evaporative liquid. Rate of flow of

evaporative liquid flow 254 may be controlled or moderated as required.

 [0064] Thermal chamber 210 may include a fluid retainer 250 (see Fig. 9) adapted to
retain evaporative liquid flow 254. Fluid retainer 250 may extend from top side 216 to
bottom side 218 of thermal chamber 210. Fluid retainer 250 may extend from first side
212 to second side 214 of thermal chamber 210. Fluid retainer 250 may be a layered
element disposed along a back side 220 of thermal chamber 210 as shown in Fig. 9. Back
side 220 may extend from first side 212 to second side 214 and from top side 216 to
bottom side 218 of thermal chamber 210. Fluid retainer 250 may be a water retaining pad, -

sponge, wicking element, etc.

[0065] As shown in Fig. 9, evaporative liquid flow 254 enters thermal chamber 210
via inlet channel 226 and travels through fluid retainer 250 from top side 216 to bottom
~side 218. Evaporative liquid flow 254 may exit thermal chamber 210 via outlet channel
228. Airflow 240 entering thermal chamber 210 via input channel 222 may flow across
fluid retainer 250 and absorb evaporative fluid vapour from evaporative liquid flow 254.
In this way, fluid retainer 250 may be evaporatwe pads. Consequently, thermal chamber
210 may be cooled by the evaporative cooling of evaporative liquid 254. Evaporatwe fluid
254 exits thermal chamber 210 via outlet channel 228 as cooled evaporative fluid 254. As
explained below, cooled evaporative fluid 254 which exitefi thermal chamber 210 may be

used to cool airflow 240, directly or indirectly.

[0066] Referring to Fig. 8, evaporative liquid flow 254 may be adapted to flow
through the thermal chamber 210 from the inlet channel 226 to the outlet channel 228 in a
fluid direction F. Airflow 240 may flow from the input channel 222 to the output channel

224 in an airflow direction A. Fluid direction F may be substantially perpendicular to the
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airflow direction A. Fluid direction F may be in a vertical direction. Evaporative liquid
flow 254 may travel in a top to bottom direction within thermal chamber 210. Airflow 240
may be in a horizontal direction. Airflow 240 may travel in a left to right dlrectlon or vice
~ versa. Airflow dlrectlon A and ﬂu1d flow direction F may be horlzontal dlrectlons and

substantially perpendlcular to each other.

[0067] As'shown in Fig. 8, outlet channel 228 may be thermally connected to the
’ input channel 222 via fluid channel 260, such that fluid channel 260 niay be in thermal
communication with outlet channel 228 and in thermal communication with the input
channel 222. Fluid channel 260 may be adapted to receive a third fluid flow 24 therein,
such that thermal energy is transferred between the third fluid flow 24 along fluid channel
260 and the second fluid flow 22 along the outlet channel 228 thereby cooling the third
fluid flow 24 and such that the thermal energy may be transferred between the first fluid
flow 20 along the input channel 222 and the third fluid flow 26 along the fluid channel
260 thereby cooling the first fluid flow 20 along the input channel 222.

[0068] Fluid channel 260 may be connected to a fluid source (not shown in Fig. 8).
Fluid source may be of ambient temperature or a heated or cooled fluid source. Fluid
channel 260 may have a first thermal interface portion 266 adapted to allow thermal
energy transfer between input channel 222 and fluid channel 260. Fluid channel 260 may
have a second thermal interface portion 268 adapted to allow thermal energy transfer
between outlet channel 228 and fluid channel 260. As third fluid flow 24 travels along first
thermal interface portion 266 within fluid channel 260, thermal energy may be transferred
between inlet channel 222 and fluid channel 260. If third fluid flow 24 has a lower thermal
energy level than that of first fluid flow 20, thermal energy is tfansferred from first fluid
flow 20 to third fluid flow 24 and vice versa. Similarly, as third fluid ﬂow 24 travels along
second thermal interface portion 268 within fluid channel 260, thermal energy may be
transferred between outlet channel 228 and fluid channel 260. If third fluid flow 24 has a
lower thermal energy level than that of second fluid flow 22, thermal energy is transferred

from second fluid flow 22 to third fluid flow 24 and vice versa.

[0069] Third liquid flow 24 may be a return evaporative liquid flow 258 as it is
returned towards input channel 222. As return evaporative liquid flow 258 travels along
“fluid channel 260 at about second thermal interface porﬁon 268, thermal energy of return

evapdrative liquid flow 258 may be transferred to evaporative liquid flow 254 along outlet
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channel 228 as evaporative liquid flow 254 is cooler than return evaporative liquid flow
© 258.°As return evaporati\}e liquid flow 258 flows along fluid channel 260 at about first

thermal interface portlon 266 thermal energy of airflow 240 ‘may be transferred to return
- _evaporatwe lquId flow 258 as retum evaporatlve 11qu1d ﬂow 258 is cooler than the alrﬂow.
240. Accordingly, airflow 240 may be cooled to wet bulb temperature before entering

thermal chamber 210.

[0070] It is clear in Fig. 8 that third fluid flow 24 along the fluid channel 230 may be

isolated from the first fluid flow 20 along the input channel 222. Second fluid flow 22 may
| flow out of the thermal chamber 110 through the outlet channei 228 and may not flow
back into the thermal chamber 210 or into the input channel 222. Second fluid ﬂdw 22 ora
portion thereof may be directed into the fluid channel 230 as third fluid flow 24. Third
fluid flow 24 may be isolated from the first ﬂuid flow 20 such that third fluid flow 24 does
not mix with first fluid flow 20. However, thermal energy transfer is possible between
input channel 222 and ouflet channel 228 via fluid channel 260. Thermal energy transfer
may be conducted at a thermal interface 228. First thermal interface portion 266 may be

adapted to transfer thermal energy from third fluid flow 24 to first fluid flow 20.

[0071]  Referring to Fig. 10, fluid channel 260 may include an inlet end 262 connected
to the outlet channel 228 such that fluid channel 260 may be in fluid communication with
the outlet channel 228 via the inlet end 262. Fluid channel 260 may extend from outlet
channel 228 to or towards input channel 222. Fluid channel 260 may be in thermal
communication with input channel 222. Fluid channel 260 gnay include first thermal
interface portion 266 such that fluid channel 260 may be in thermal communication with
the input channel 222 so that thermal energy may be transferred between the third fluid
flow 24 along fluid channel 260 and first fluid flow 20 along input channel 222. Fluid
channel 260 may extend across input channel 222 such that first fluid flow 20 may flow
around fluid channel 260. As first fluid flow 20 flows around fluid channel 260, first fluid
flow 20 may be cooled by the cooled third fluid flow 24, which has lower thermal energy
level than first fluid flow 20, through fluid chaﬁnel 260. Fluid channel 260 may be a
plurality of fluid tubes (not shown in Fig. 10) such that first fluid flow 20 may flow
between the plurality of fluid tubes.

[0072]  Fluid channel 260 may be ﬂuldly connected to input channel 222 so as to
direct third fluid ﬂow 24 back into thermal chamber 210 via input channel 222. Thu‘d fluid
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flow 24 may be cooled second fluid flow 22 when directed back into rnput channel 222,
As third fluid flow 24 ‘may be cooler than ambient temperature, though may be warmer
than the temperature within thermal chamber 210, less energy is requrred to cool third
" fluid flow 24 that is entermg thermal chamber 210, In terms of relative humldlty, the
relative humidity of third fluid flow 24 may decrease'as it gets warmed up when flowing
through fluid channel 260, especially when third fluid flow 24 goes _through input channel
222, Even so, the relative humidity of third fluid flow 24 returning to thermal charnber '
210 may be higher than relative humidity of arnbient air. Therefore, it is faster for

returning third fluid flow 24 to reach saturation.

[0073] As mentiened, first fluid flow 20 may be directed out of thermal chamber 210
into the outlet channel 228 as second fluid flow 22. Second fluid flow 22 exiting the
thermal chamber 210 via the outlet channel 228 may be a portion of the first fluid flow 20
along the thermal chamber v210. Fluid channel 160 may receive second fluid flow 22 or a

portion of second fluid flow 22 along outlet channel 228 such that the fluid which flows
*into the fluid channel 260 becomes third fluid flow 14.

[0074] As shown in Fig. 10, thermal chamber 210 may include first partitions 292
across inlet channel 226 and outlet channel 228, first partitions 292 beihg ‘adapted to
prevent first fluid flow 20 through the first partitions 292 but allow second fluid flow 22
through first partitions 292. Thermal chamber 210 may include second partitions 294
across input channel 222 and output channel 224, second partitions 294 may be adapted to
prevent second fluid flow 22 but allow first fluid.flow 20 through said second partitions
294,

[0075] Fluid handling device 900 may include a heat exchanger 270 as shown in
Fig. 11. Heat exchanger 270 may be in ﬂ‘uid communication thermal chamber 210. Heat
exchanger 270 may include a first channel 272 and a second channel 274 in thermal
communication with first channel 272. First channel 272 may be fluidly connected to
thermal chamber 210 such that evaporative liquid flow 254 from thermal chamber 210
may flow into first channel 272. Evaporative liquid flow 254 may flow out of thermal
chamber 210 via outlet channel 228 and into first channel 272. Heat exchanger 270 may
be fluidly connected to a fluid tank 280. Fluid tank 280 may be adapted to contain
evaporative liquid 256. First channel 272 may be in fluid communication with fluid tank

280 such that evaporative liquid flow 254 exiting first channel 272 may be channelled into
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fluid tank 280. Second channel 274 may be fluidly connected to fluid tank 280 such that_ ; |
evaporative quuid‘ 256 stored in fluid tank 280 may be pumped into second channel 274 as
return evaporative liquid flow 258. |

- [0076] 'Second channel 274 may be thermally connected to input channel 222 such

that thermal energy of airflow 240 may be transferred to return evaporative liquid flow

258 thereby coolling airflow 240 before entéring’thermal chamber 210.

[0077] Fluid handling device >9OO may inélude a cooling channel 276 fluidly
~ connected to second channel 274 of heat exchanger 270 and thermally connected to input

channel 222 at first thermal interface portion 266.

[0078]  Airflow 240, which may'v be first fluid ﬂOV;/ 20, may be received into thermal
chamber 210 via input channel 222. As airflow 240 travels across évaporative liquid flow

254, evaporative liquid flow 254 may vaporise into the airflow 240. Thermal eﬁergy taken |
from airflow 240 to vaporise evaporative liquid flow 254 cools airflow 240 thereby
reducing the thermal energy of airflow 240 to about wet bulb temperature. Cooled airflow
242 may be channelled out of thermal chamber 210 via output channel 224. Meanwhile,
evaporative liquid flow 254, which may be second fluid flow 22, may be received into
thermal chamber 210 via inlet channel 226. Evaporative liquid flow 254 may be cooled by
evaporative cooling and exit thermal chamber 210 via outlet channel 228 as cooled
evaporative liquid flow 254. As such, cooled evaporative liquid flow 254 may have a |

lower thermal energy level than airflow 240 due to evaporative cooling.

[0079] Cooled evaporative liquid flow 254 may travel from outlet channel 228 into
first channel 272 of heat exchanger 270. At the same time, evaporative liquid 256 from
fluid tank 280 may be channelled from fluid tank 280 into second channel 274 as return
evaporative liquid flow 258. Thermal energy may be transferred between cooled
evaporative liquid flow 254 within first channel 272 and return evaporative liquid flow
258 within second channel 274 thereby cooling return evaporative liquid flow 258 within
second channel 274. Return evaporative liquid flow 258 within second channel 274 may

be channelled into cooling channel 276 which is fluidly connected to second channel 274

and thermally connected to input channel 222. Return evaporative liquid flow 258 may be

- channelled towards input channel 222. At first thermal interface portion 266, thermal
energy of airﬂow 240 may be transferred from airflow 240 to return evaporative liquid

flow 258 thereby cooling airflow 240 before airflow 240 enters thermal chamber 210.
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Cooling channel 276 may extend acroés input channel 222 such that airflow 240 may flow
aréund fluid chénnel 260. As airflow 240 ﬂows around fluid channel 260, airflow 240 may
be cooled by return evaporative ﬂu1d flow 258 which has lower thermal energy level than
airflow 240. Cooling channel 276 at the first thermal interface portlon 266 may be a
plurality of fluid tubes (not shown in Fig. 11) such that first fluid flow 20 may flow
between the plurality of fluid tubes. |

[0080] Fluid handling device 900 may inélude'salt removal mechanism 288. The
- configuration of fluid tank 280 with heat exchanger 270 provides fluid handling device
900 the salt removal mechanism 288. By using a fluid tank 280, salt content of
evaporative ﬂu1d 256 may be reduced or minimised before returning evaporative fluid 256 ’
back to the thermal chamber 210. _Evaporatlve liquid flow 254 may contain salt (or
impurities). As vaporisation of evaporative liquid flow 254 takes place within thermal
chamber 210, the salt concentration in evaporative liquid ﬂow 254 may increase as liquid
content of evéporative liquid flow 254 decréases. The salt may accumulate within thermal
chamber 210 as evaporative liquid flow 254 increases and eventually may cause disruption
to the fluid handling system 900, e.g. clogging of outlet channel 228. By directing cooled
‘evaporative liquid flow 254, which is high in salt concentration, into fluid tank 280,
cooled evaporative liquid flow 254 is mixed with evaporative liquid 282 within fluid tank
280. As such, the salt concentration in cooled.evaporative liquid flow 254 may be diluted
when cooled evaporative liquid flow 254 goes back »into fluid tank 280. When evaporative
liqmd 282 is pumped back into thermal chamber 210 as return evaporative liquid flow
258, the salt concentration of return evaporative liquid flow 258 may be back to “normal”

| ‘or reduced to a level below the salt concentration of cooled evaporative liquid flow 254.

[0081] Although warmer evaporative liquid 256 may be pumped out of fluid tank 280
to be returned to thermal chamber 210, the thermal energy lével of returned evaporative
liquid flow 258 may be maintained to substantially increase the thermal energy level of
cooled evaporative liquid flow 254. The skilled person would understand that heat
“exchanger 270 disposed between thermal chamber 210 and fluid tank 280 allows return
evaporative liquid flow 258 with low salt concentration to be pumped back info thermal
chamber 210 but at the thermal energy level of cooled evaporative liquid flow 254. In this
way, the thermal efficiency of the fluid handling device 900 may be kept high and yet the
issues related of salt accumulation in ﬂuid handling device 900 may be eliminated or
minimi.sed.
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[0082] Referring to Fig. 11A, outlet channel 228 may be fluidly connected to the fluid
tank 280 such that cooled evaporative liquid flow 254 may be channelled from thermal
chamber 210 and into fluid tank 280 via the outlet channel 228. ‘.

[0083] Fig. 12 shows a method 2000 of cooling a first fluid flow with a fluid handling
device 800,900. Method 2000 includes receivin'gb a first fluid flow into a thermal chamber
210 via input channel 222 as shown in step 2100. Meanwhile, secondﬁﬂ’"u'id flow 22 is-
received ihto the thermal chamber 210 via inlet channel 226 as in step 2200. First fluid
flow 20 is cooled through the thermal chamber 210 in step 2300. Second fluid flow 22 is
channelled frorﬁ the thermal chamber 210 into the output channel 224 in step 2400. Outlet
channel 228 being in thermal communication with the input channel-222. Second fluid
flow 22 along the outlet channel 228 may have a lowér thermal energy level than that of
the first fluid flow 20 along the input channel 222. Thermall energy is transferred between
the second fluid flow 22 aAlong the outlet channel 228 and the first fluid flow 20 along the
input channel 222 thereby cooling the ﬁfst fluid flow 20 along the input channel 222 as

shown in step 2500.

[0084] First fluid flow 20 rhay be channelled from the input channel 222 through the
thermal chamber 210 towards output channel 224. First fluid flow 20 may be channelled
out of thermal chamber 210 via output channel 228. Second fluid flow 22 may be

channelled out of the thermal chamber 210 via the outlet channel 228.

[0085] | Transferring the thermal energy between thé second fluid flow 22 along the
outlet channel 228 and the first fluid flow 20 along the input channel 222 includes
receiving a third fluid flow 24 in a fluid channel 260, transférring thermal energy between
 the third fluid flow 24 along the fluid channel 260 and the second fluid flow 22 along the
outlet channel 228 iﬁ step 2740; and transferring thermal energy between the first fluid
flow 20 along the input channel 222 and the third fluid flow 24 along the fluid channel
260 thereby heating or cooling thg first fluid flow 20 along the input channel 222.

[0086] - As shown in F1g 13, input channel 122 and/or output channel 124 may each
include an evaporative liquid 182. Inpﬁt channel 122 may be fluidly connected to an
evaporativé compartment 184 such that airflow 140 may flow through evaporative
compartment 184 before entering input channel 122. Evaporative compartment 184 may
bbinclude evaporative liquid 182. As airflow 140 flows through evaporative compartment'

184, evaporative cooling occurs as evaporative liquid 182 vaporises. In this way, airflow
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140 may be pre-cooled in the evaporative compartment 184 before entenng thermal

chamber 110. Outlet channel 128 may be fluidly connected to another evaporative

compartment 188 such that cooled airﬂow 142 ie. airﬂow 140 after bemg cooled,  may

ﬂow through evaporative. compartment 188 after exrting thermal chamber 110.
‘Evaporative compartment_ 188 may include evaporative liquid 182. Cooled airflow 142
along output channel 124 may go through evaporative compartment 188 and thermal
energy level of cooled airflow 142 may be maintained. Temperature of cooled airflow v142 ,
may increase as it flows along output channel 1v24. As temperature increases, relative
humidity of cooled airflow 142 decreases. As airﬂow 140 flows through evaporative
compartment 188, evaporative cooling occurs as evaporative liquid 182 vaporises. In this
way, temperature of cooled airflow 142 may be maintained after exiting thermal chamber
110. Although the thermal chamber 110 of fluid handling device 100,200,300,500,600 is
shown in Fig. 13, it is understood that the configuration of the embodiment, i.e. with
evaporative compartment 184 and or 188, may be applicable to the embodiment of fluid

handling device 800,900 with thermal chamber 210.

[0087] Input channel 122 and/or output channel 124 may be fluidly connected to a
cooling compartment each (not shown in Fig. 13). Cooling compartment may include a
cooling surface within the cooling compartment. Airflow 140 may go across or through
the cooling surface so that airflow 140 may be cooled prior to entering or after leaving the
thermal chamber 110. Cooling surface may be surfaces of pipes, e.g. ceramic pipes, that
are dipped in an eQaporative liquid or plate surface floating on the evaporative liquid.

Cooling surface may be a surface of a ceramic tile.

[0088]) - The channels mentioned above, e.g. input channel 122/222, output channel
124/224, inlet channel 126/226, outlet channel 128/228 may be part of thermal chamber
110 such that thermal chamber IJIO includes input channel 122 and outlet channel 128.
Channels have been used to define a path or portion that fluid flows through. A skilled
person would understand that a first portion of thermal chamber 210, e.g. at about the first
end 112 of thermal chamber 210, may function as an input channel such that fluid channel
260 may be in thermal communication with the first portion of thermal chamber 210 to
enable transfer of thermal energy from the first portion of thermal chamber 210 to the
fluid channel 260 and consequently cool the fluid flow along the first portion of thermal
chamber 210. Similarly, fluid channel 260 may be fluidly connected directly to thermal

- chamber 210 at about the second end 114 via an Opening such that cooled fluid flow or a
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porfion thereof from thermal chamber 210 may be directed into fluid channel 260. A

second portion of thermal chamber 210 at about the second end 114 may be output or

outlet channel where cooled fluid flow goes through.
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Claims

1.

2.

A fluid handling device adapted to cool a first fluid flow, the device comprising:

a thermal chamber adapted to cool the first fluid flow in the thermal chamber;

and
an input channel adapted to channel the first fluid flow into the thermal chamber;

an output channel adapted to allow the first fluid flow from the input channel to

flow out of the thermal chamber via the output channel;

an inlet channel adapted to allow a second fluid flow into the thermal chamber,

the inlet channel in fluid communication with the outlet channel;

an outlet channel adapted to channel the second fluid flow out of the thermal
chamber;

wherein the first fluid flow from the input channel to the output channel is an
airflow and the second fluid flow from the inlet channel to the outlet channel is an
evaporative liquid flow, wherein the airflow through the thermal chamber vaporises the
evaporative liquid flow thereby cooling the evaporative liquid flow hence cooling the

thermal chamber;

wherein the thermal energy of the second fluid flow along the outlet channel is
lower than the thermal energy of the first fluid flow along the input channel; and

wherein the outlet channel is thermally connected to the input channel, wherein
the outlet channel is adapted to transfer thermal energy between the cooled second fluid
flow along the outlet channel and the first fluid flow along the input channel to cool the

first fluid flow before entering the thermal chamber.

The fluid handling device of claim 1, wherein the second fluid flow along the outlet

channel is isolated from the first fluid flow along input channel.
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3. The fluid handling device of claim 1 or 2, wherein the second fluid flow exiting the
thermal chamber via the outlet channel is a portion of the first fluid flow along the thermal
chamber.

4. The fluid handling device of any one of claims 1 to 3, wherein the outlet channel is
thermally connected to the input channel via a fluid channel, wherein the fluid channel being
in thermal communication with the outlet channel and in thermal communication with the
input channel, the fluid channel adapted to receive a third fluid flow therein, wherein thermal
energy is transferred between the third fluid flow along fluid channel and the second fluid flow
along the outlet channel thereby cooling the third fluid flow and wherein the thermal energy is
transferred between the first fluid flow along the input channel and the third fluid flow along

the fluid channel thereby cooling the first fluid flow along the input channel.

5. The fluid handling device of claim 4, wherein the third fluid flow along the fluid

channel is isolated from the first fluid flow along the input channel.

6. The fluid handling device of claim 4 or 5, wherein the fluid channel comprises an

evaporative liquid.

7. The fluid handling device of any one of claims 1 to 6, wherein the thermal chamber

comprises an evaporative liquid.

8. The fluid handling device of any one of claims 1 to 7, wherein the input channel and/or

the output channel comprise an evaporative liquid.
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9. The fluid handling device of any one of claims 1 to 8, wherein the evaporative liquid
flow is adapted to flow through the thermal chamber from the inlet channel to the outlet channel
in a fluid direction, the airflow flows from the input channel to the output channel in an airflow

direction, wherein the fluid direction is substantially perpendicular to the airflow direction.

10.  The fluid handling device of any one of claims 1 to 9, wherein the outlet channel is

fluidly connected to a fluid tank.

11. A method of cooling a first fluid flow with a fluid handling device, the method

comprising:

receiving the first fluid flow into a thermal chamber via an input channel;

channelling the first fluid flow out of the thermal chamber via an output channel:
receiving a second fluid flow into the thermal chamber via an inlet channel.

channelling the second fluid flow from the thermal chamber into an outlet
channel, the outlet channel being in thermal communication with the input channel,
wherein the first fluid flow from the input channel to the output channel is an airflow
and the second fluid flow from the inlet channel to the outlet channel is an evaporative
liquid flow, wherein the airflow through the thermal chamber vaporises the evaporative
liquid flow thereby cooling the evaporative liquid flow hence cooling the thermal
chamber; wherein the second fluid flow along the outlet channel has a lower thermal

energy than the first fluid flow along the input channel; and

transferring thermal energy between the second fluid flow along the outlet
channel and the first fluid flow along the input channel thereby cooling the first fluid

flow along the input channel.
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12.  The method of claim 11, wherein transferring the thermal energy between the second

fluid flow along the outlet channel and the first fluid flow along the input channel includes,
receiving a third fluid flow in a fluid channel;

transferring thermal energy between the third fluid flow along the fluid channel

and the second fluid flow along the outlet channel; and

transferring thermal energy between the first fluid flow along the input channel
and the third fluid flow along the fluid channel thereby heating or cooling the first fluid

flow along the input channel.
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receiving a first fluid flow into a thermal chamber
via an input channel;

heating or cooling the first fluid flow through the
' thermal chamber;

1300 A

channelling the heated or cooled second fluid

flow from the thermal chamber into an outlet

channel, the outlet channe! being in thermal
communication with the input channel;

1400 M

transferring thermal energy between the second
fluid flow along the outlet channel and the first
fluid flow along the input channel thereby
heating or cooling the first fluid flow along the
input channel.
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receiving a first fluid flow into a thermal chamber
via an input channel;

receiving a second fluid flow into the thermal
chamber via inlet channel;

cooling the first fluid flow through the thermal
chamber;

channelling the cooled second fluid flow from
the thermal chamber into an outlet channel, the
outlet channel being in thermal communication
with the input channel;

2500 —\__|

transferring thermal energy between the second
fluid flow along the outlet channel and the first
fluid flow along the input channel thereby
cooling the first fluid flow along the input
channel.
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