USOORE45937E
(19) United States
a2y Reissued Patent (10) Patent Number: US RE45,937 E
Muse et al. 45) Date of Reissued Patent: Mar. 22, 2016
(54) LIGHTWEIGHT PORTABLE MOISTURE (56) References Cited

TRAPS FOR USE WITH VACUUM PUMPS
U.S. PATENT DOCUMENTS

(71) Applicant: InstroTek, Inc., Raleigh, NC (US) 560 561 A 5/1896 Zappert

763,388 A 6/1904 Gathmann

(72) Inventors: Peter D. Muse, Durham, NC (US); 2,934,257 A 4/1960 Power
Johnny Gordon Williams, Jr., Raleigh, 3,423,947 A 1/1969 Yosimaro Moriya
NC (US); Ali Regimand, Raleigh, NC 3,643,340 A 2/1972 Jackson et al.
(US); Lawrence H. James, Raleigh, NC (Continued)
(US) OTHER PUBLICATIONS
(73) Assignee: InstroTek, Inc., Raleigh, NC (US) Standard Method of Test for “Theoretical Maximum Specific Gravity
and Density of Bituminous Paving Mixtures™; Aashto Designation: T
(21) Appl. No.: 14/674,737 209-94 Methods of Sampling and Testing; pp. 660-667 (1994).
(Continued)

(22) Filed: Mar. 31, 2015

Related U.S. Patent Documents Primary Examiner — Joseph Kauiman
(74) Attorney, Agent, or Firm — Myers Bigel & Sibley, PA

Reissue of:

(64) Patent No.: 8,408,013 (57) ABRSTRACT
Issued: Apr. 2, 2013 _ _
Appl. No.: 12/827.637 A portable moisture trap for use with a vacuum pump
Filo d: R Tun. 3 6 2010 includes: a housing; a cooling chamber positioned at least

partially within the housing including a first ilet port and a
second outlet port; a lid that sealably attaches to a top portion

(51)  Int. CI. of the cooling chamber to seal the cooling chamber; a heat

ﬁjgg ;‘;jzf) 5388283 sinlf residipg under the coo}ing .chamber; a thermoelectric

b device having an upper cooling side and a lower heat gener-

BOID 8/00 (2006-0:) ating side residing between the cooling chamber and the heat

1265 13/30 (2006'0;‘) sink; a fan oriented to blow air upwardly toward the heat sink;
BOID 53/26 (2006-0;) and a baille extending downwardly 1n the cooling chamber
GOIN 33/42 (2006-O:~) from a location proximate the lid to a location proximate an

GOIN 9/02 (20006.01) iner bottom surface of the cooling chamber, with the baille

(52) U.S. Cl. configured to define a physical barrier to urge air received
CPC ........ BOID 53/265 (2013.01), BOID 2259/455 through the first port to flow down toward the inner bottom

(2013.01); GOIN 33/42 (2013.01); GOIN surface of the cooling chamber before exiting through the
2009/022 (2013.01) second port, to thereby remove moisture from air traveling

(58) Field of Classification Search through the cooling chamber 1n response to a vacuum pump in
CPC ........... BO1D 53/265,J BO1D 2259/455,J GOIN Humid communication with the second port
33/42; GOIN 2009/022
See application file for complete search history. 36 Claims, 9 Drawing Sheets

[
[
L =+
L
P

}f/ﬁ
\

0~
72

5
COOLING
CHAMBER 49
4 a0
4016 L{ 40
»

rz

!

<

AN

.

N7
A
N
L h‘% g

46

., 14

94 ATy =
1!
AT I \
52 f,/ ol
11

)

2h —

/ - 'T RN T _'
11 FAN .

i e B é;L

{




US RE45,937 E

Page 2
(56) References Cited 6,554,879 Bl 4/2003 Nomura
6,684,684 B2 2/2004 Regimand et al.
U.S. PATENT DOCUMENTS 6,817,230 B2 11/2004 James et al.
7,000,490 B1* 2/2006 Micheels ........ccoe...... 73/863.12
4,107,049 A 8/1978 Sano ef al. 7,021,903 B2 4/2006 Bailey et al. ........ C23C 16/4412
4,319,408 A 3/1982 Kuboyama 417/248
4,679,402 A 7/1987 Andeen ..ol 62/55.5 7,770,402 B2* §/2010 Quarre ..o HO11L 31/024
4,686,852 A 8/1987 Ito et al. | 62/259.2
4.882.851 A 11/1980 Wennerstrum et al. 2004/0017563 Al 1/2004 James et al.
5,119,640 A 6/1992 Conrad ... BO1D 7/02 2005/0102851 Al* 5/2005 Heetal. ......cccoooeeeiiinnnnnnn, 34/92
165/111 2006/0201162 Al1* 9/2006 Hsieh ............cc.... BO1D 5/009
5,365,793 A 11/1994 Terrel et al. 62/3.4
5377425 A 1/1995 Kawakami et al. 2008/0046047 Al1* 2/2008 Jacobs ...coovveviiiiiivinninnn, 607/108
5,428,963 A 7/1995 KoryeKi ...ocoevecvnn... BO1D 8/00 2010/0319211 Al 12/2010 Heetal.
62/272
5,546,678 A 8/1996 Dhaemers OTHER PUBLICATIONS
5,732,478 A 3/1998 Chapman et al.
5,755,039 A 5/1998 Mae et al. Standard Test Method for “Theoretical Maximum Specific Gravity
(533(8) é?’gig i 12//{ éggg El(ed? et ;‘:[11‘1 ““““““““““ 118/724 and Density of Bituminous Paving Mixtures™; Designation: D2041 -
085, unter et al. .
6.234.008 Bl 5/2001 Sjoblom et al. 00 (ASTM International) pp. 189-192 (2000).
6,321,589 Bl 11/2001 Regimand
6,410,889 B2 6/2002 Davis et al. * cited by examiner



U.S. Patent Mar. 22, 2016 Sheet 1 of 9 US RE45,937 E

18
12

— 64




U.S. Patent Mar. 22, 2016 Sheet 2 of 9 US RE45,937 E

= 9]

20 — R \

14q_

CHAMBER

COLING dq /

A01
46 7

24 «- '- ' | B = .y
1 dl / l \l\}\ z 76

52 |’

|
ah — U L mEAN
! T AIR FLOW

3] ' FAN

FiG. 2



U.S. Patent Mar. 22, 2016 Sheet 3 of 9 US RE45,937 E

[4¢

34
14,

- 18

18

14,

FIG. A



U.S. Patent Mar. 22, 2016 Sheet 4 of 9 US RE45,937 E

/ / 7
/////f"f

5}??’?7 127}

32,/] ;;;;;;;
o

— 77
W/

5 y &

= 14

= FIG. 3(C




U.S. Patent Mar. 22, 2016 Sheet 5 of 9 US RE435,937 E

325




U.S. Patent Mar. 22, 2016 Sheet 6 of 9 US RE45,937 E




US RE45,937 E

Dlar_22,2016

U.S. Patent

=
LN |

\

W

e ke AN




US RE45,937

Sheet 8 0f 9

D00 Q0O B

e
g 2 mu
*
E -~ - - |.11
” o, [
iy

- F o= " ™ odop ¥ - .__.-_.-__ a .-.-_..-. -
O ‘ v
" ; ‘O ) ) bo - ' O *
- = - - ; *
17 _-_n .-.t.._ e g LT Tr4 F T -.h..._ P Tt R g
a7 LI S el T R - . L " . .
- - - _ .-..—l = - b

Mar. 22, 2016

U.S. Patent

001 00¢



U.S. Patent

Mar. 22, 2016 Sheet 9 of 9

PROVIDE A PORTABLE MOISTURE TRAP INCLUDING: A

COOLING CHAMBER HAVING A FIRST PORT CONNECTED TO A TEST |

SAMPLE VESSEL AND A SECOND PORT CONNECIEDTOA
VACUUM PUMP; AND A THERMOELECTRIC DEVICE

305

{

COOLTHE COOLING CHAMBER USING THE
THERMOELECTRIC DEVICE

— '“"—" 310
WEIGH A TEST SAMPLE TO DETERMINE DRY
MASS

315

PLACE TEST SAMPLE IN VESSEL

ADD WATER TO VESSEL TO SUBMERGE TES!
SAMPLE

325

| FLOW MOIST AIR FROM VESSEL THROUGH
FIRST PORT OF COOLING CHAMBER

330

REMOVE MOISTURE FROM MOIST AIR

FLOW SUBSTANTIALLY DRY AIR THROUGH
SECOND PORT OF COOLING CHAMBER

340

DETERMINE VOLUME OF SAMPLE
— "

CALCULATE DENSITY AND/OR SPECIFIC
GRAVITY OF TEST SAMPLE

US RE45,937

300




US RE45,937 E

1

LIGHTWEIGHT PORTABLE MOISTURE
TRAPS FOR USE WITH VACUUM PUMPS

Matter enclosed in heavy brackets [ ]| appears in the
original patent but forms no part of this reissue specifica-
tion; matter printed in italics indicates the additions
made by reissue; a claim printed with strikethrough indi-
cates that the claim was canceled, disclaimed, or held
invalid by a prior post-patent action or proceeding.

FIELD OF THE INVENTION

This ivention relates to moisture traps, and more particu-
larly to lightweight portable moisture traps for use with
vacuum pumps.

BACKGROUND

It 1s sometimes necessary to evacuate moist air from equip-
ment such as chambers or vessels. For example, a vacuum
pump can be used to evacuate air from a chamber containing,
a moist or wet object. However, 1f moist air 1s pulled into a
vacuum pump, 1t can negatively impact the efficiency of the
pump and reduce the lifetime of the pump.

In the construction industry, vacuum pumps can be used in
the testing of paving materials. By way of example, com-
pacted asphalt samples are tested using ASTM Test D2726,
ASTM Test D6752, and AASHTO Test T166. These tests
require the determination of the density of the materials. This
requires that the dry mass of a sample along with a sample
volume be determined in order to calculate the density, which
1s the ratio of the mass to the volume. Moisture may be
introduced 1nto the sample by the cutting process or may be
naturally present 1n the sample. As described 1in U.S. Patent
Application Publication No. 2005/0102851, the disclosure of
which 1s incorporated by reference herein in its entirety, a
vacuum pump can be used to remove moisture from a cham-
ber holding the sample to thereby dry the sample.

By way of further example, vacuum pumps can be used in
tests to determine the maximum specific gravity and density
ol bituminous paving mixtures, such as the tests described 1n
ASTM Test D2041 and AASHTO Test T209. In these tests, a
sample of known dry weight i1s placed in a vessel. Water 1s
then introduced into the vessel to submerge the sample, and
the vacuum pump evacuates air to reduce the pressure 1n the
vessel. The volume of the sample 1s then determined, and the
density or specific gravity of the sample can be determined
based on the dry weight and the volume of the sample.

As seen from these examples, the vacuum pump may
evacuate moist air from the chamber or vessel. The evacuated
moist air will enter the vacuum pump unless 1t 1s dried prior to
reaching the pump. Vacuum pumps use lubricants (e.g., o1l) to
reduce Iriction between moving parts and to protect seals.
However, when moisture enters the vacuum pump, the mois-
ture mixes with the o1l and reduces 1ts effectiveness. Thus,
moisture will eventually destroy the vacuum pump. Frequent
o1l changes may prolong the life of the pump, but the o1l
changes can frustrate the user by increasing cost and creating
downtime, and can also produce considerable waste.

Therefore, users sometimes attempt to dry the air before it
enters the pump. Indeed, the aforementioned ASTM Test
D2041 and AASHTO Test T209 require the use of one or
more 1n-line dryers to reduce moisture entering the vacuum
pump. Current practice 1s to use one or more desiccant air
dryers positioned between the equipment containing moist air
and the vacuum pump.
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However, there are numerous drawbacks to the use of pres-
ently used in-line dryers, such as desiccant dryers. First,

desiccant dryers can introduce considerable air flow resis-
tance, thereby increasing the power consumed by the vacuum
pump and decreasing its eificiency.

Moreover, desiccant dryers can be inetficient with regard to
their moisture-removing characteristics. The dryers tend to be
most etficient when the desiccants are dry. Thus, the dryers
will either lose their efficiency during use or will create down-
time while waiting for the desiccants to dry. The dryers could
be replaced or recycled during use, but this increases cost and
also creates downtime.

Desiccant dryers have a limited lifetime, and need to be
replaced or recycled periodically. Again, this increases cost
and creates downtime. The continual replacement also pro-
duces waste. Furthermore, a user may neglect to timely
replace the dryers, which can decrease the efficiency and
reduce the life of the vacuum pump.

Thus, the current use of desiccant dryers can be environ-
mentally uniriendly. The dryers increase air flow resistance
and can allow moisture into the vacuum pump, which can
increase the necessary power consumed by the pump. Mois-
ture entering the pump also reduces the efficiency of the
lubricant or o1l 1n the pump, necessitating an increased num-
ber of waste-creating o1l changes. Finally, because the desic-
cant dryers inevitably allow moisture to enter the vacuum
pump, the life of the vacuum pump 1s decreased, sometimes
substantially. The result can be the early disposal and replace-
ment of pumps.

Therefore, there may be a need for an apparatus that will
elfectively dry air evacuated from equipment before the air
enters the vacuum pump, and will do so without overly
restricting air flow. There may be a need for an apparatus that
will perform effective drying continuously to minimize
downtime. Finally, there may be a need for an environmen-
tally fnnendly solution that can increase the lifetime of vacuum
pumps and generally reduce waste.

SUMMARY

As a first aspect, a portable moisture trap for use with a
vacuum pump includes: a housing; a cooling chamber posi-
tioned at least partially within the housing including a first
inlet port and a second outlet port; a 11d that sealably attaches
to a top portion of the cooling chamber to seal the cooling
chamber; a heat sink residing under the cooling chamber; a
thermoelectric device having an upper cooling side and a
lower heat generating side residing between the cooling
chamber and the heat sink; a fan residing under the heat sink,
the fan being oriented to blow air upwardly toward the heat
sink; and a baille extending downwardly in the cooling cham-
ber from a location proximate the lid to a location proximate
an 1nner bottom surface of the cooling chamber. The thermo-
clectric device 1s 1n thermal communication with the cooling
chamber and oriented so that the cooling side faces the cool-
ing chamber and the heat generating side faces and 1s 1n
thermal communication with the heat sink. The battle 1s con-
figured to define a physical barrier to urge air recerved
through the first port to flow down toward the inner bottom
surface of the cooling chamber before exiting through the
second port, to thereby remove moisture from air traveling
through the cooling chamber 1n response to a vacuum pump in
fluid communication with the second port.

In some embodiments, the baftle includes a plate that
extends across the cooling chamber so that the first port 1s on
one side of the plate and the second port 1s on the other side of
the plate. The plate has a bottom edge with alternating down-
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ward projections and valleys that resides proximate the inner
bottom surface of the cooling chamber.

As a second aspect, a method of determining the maximum
specific gravity or density of a sample of paving mixture
includes: providing a portable moisture trap 1n a fluid path
connecting a vessel adapted to hold a test sample and a
vacuum pump, wherein the portable moisture trap includes a
cooling chamber having a first port connected to the vessel
and a second port connected to the vacuum pump, and
wherein the portable moisture trap further includes a thermo-
clectric device; cooling the cooling chamber of the portable
moisture trap using the thermoelectric device; weighing the
test sample to determine a dry mass of the sample; placing the
test sample 1n the vessel; adding water to the vessel to sub-
merge the test sample; then evacuating moist air from the
vessel while the test sample 1s submerged using the vacuum
pump; then determining a volume of the test sample; and
calculating the density and/or the maximum specific gravity
of the test sample using the determined dry mass and the
determined volume of the sample. The evacuating step 1s
carried out by: flowing the moist air from the vessel through
the first port of the cooling chamber; then removing moisture
from the moist air 1n the cooling chamber; and then flowing
substantially dry air through the second port of the cooling
chamber toward the vacuum pump.

In some embodiments, determining the volume of the
sample includes: submerging the vessel with the test sample
in a water bath; and determining an underwater weight of the
test sample. In some other embodiments, determining the
volume of the sample includes: filling a known volume vessel
with the sample and water; and weighing the filled vessel in
air.

In some embodiments, the cooling chamber includes a
battle extending downwardly 1n the cooling chamber from a
location proximate a lid to a location proximate an inner
bottom surface of the cooling chamber. The step of removing,
moisture from the moist air 1n the cooling chamber includes
urging moist air down toward the inner bottom surface of the
cooling chamber. In some embodiments, the baflle includes a
plate that extends across the cooling chamber so that the first
port 1s on one side of the plate and the second port 1s on the
other side of the plate, wherein the plate has a bottom edge
with alternating downward projections and valleys that
resides proximate the inner bottom surface of the cooling
chamber. The step of removing moisture from the moist air in
the cooling chamber includes flowing moist air through the
valleys of the bafile.

As a third aspect, a system for evaluating test samples
includes: a chamber containing moist air and adapted to hold
a loose aggregate or compacted asphalt sample; a vacuum
pump in tluid communication with the chamber to evacuate
moist air from the chamber; a fluid path connecting the cham-
ber and the vacuum pump; and a portable moisture trap posi-
tioned 1n the fluid path to remove moisture from the evacuated
air. The portable moisture trap includes: a housing; a cooling
chamber at least partially within the housing including a first
port and a second port; a lid that sealably attaches to a top
portion of the cooling chamber to seal the cooling chamber; a
heat sink residing under the cooling chamber; a thermoelec-
tric device having an upper cooling side and a lower heat
generating side residing between the cooling chamber and the
heat sink; a fan residing under the heat sink and oriented to
blow air upwardly to remove heat from the heat sink; and a
battle extending downwardly 1n the cooling chamber from a
location proximate the lid to a location proximate an 1nner
bottom surface of the cooling chamber. The thermoelectric
device 1s in thermal communication with the cooling chamber
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and oriented so that the cooling side faces the cooling cham-
ber and the heat generating side faces and 1s in thermal com-
munication with the heat sink. The batile 1s configured to
define a physical barrier to urge air recerved through the first
port to flow down toward the iner bottom surface of the
cooling chamber before exiting through the second port. In
operation and 1n response to operation of the vacuum pump,
moist air flows from the chamber through the first port of the
cooling chamber, down and adjacent the inner bottom surface
of the cooling chamber to remove moisture from the moist atr,
and substantially dry air flows through the second port of the
cooling chamber to the vacuum pump.

In some embodiments, the baffle includes a plate that
extends across the cooling chamber so that the first port 1s on
one side of the plate and the second port 1s on the other side of
the plate. The plate has a bottom edge with alternating down-
ward projections and valleys that resides proximate the inner
bottom surface of the cooling chamber. In operation, moist air
flows through the valleys and adjacent the inner bottom sur-
face of the cooling chamber to remove moisture from the
moist air.

As a fourth aspect, a system for drying a compacted asphalt
sample includes: a sealable chamber including an interior to
house the compacted asphalt sample; a first valve 1n commu-
nication with a first port of the chamber; a second valve n
communication with a second port of the chamber; a vacuum
pump 1n communication with the chamber to evacuate air
from the interior of the chamber through the second port of
the chamber; a fluid path connecting the chamber and the
vacuum pump; a portable moisture trap positioned 1n the fluid
path to remove moisture from the evacuated air including a
cooling chamber having a first port in fluid communication
with the chamber and a second port 1n fluid commumnication
with the vacuum pump and also including a thermoelectric
device to cool the cooling chamber; and a controller. The
controller 1s configured to: open and close the first and second
valves; operate the vacuum pump; operate the thermoelectric
device of the portable moisture trap; cycle the system
between a first mode and a second mode, wherein during the
first mode the first valve 1s closed, the second valve 1s open,
and the vacuum pump 1s operated such that the vacuum pump
evacuates air from the interior of the chamber, through the
second port of the chamber, through the portable moisture
trap, and to the vacuum pump, and wherein during the second
mode the first valve 1s open and air 1s supplied through the first
port of the chamber to the interior of the chamber; and moni-
tor vacuum pressure in the interior of the chamber until the
pressure drops below 10 TORR. In operation during the first
mode, moist air flows through the second port of the chamber,
through the first port of the cooling chamber of the moisture
trap and adjacent an i1nner bottom surface of the cooling
chamber to remove moisture from the moist air such that
substantially dry air flows through the second port of the
cooling chamber of the moisture trap and to the vacuum
pump.

In some embodiments, the portable moisture trap includes
a solid metal baille with a bottom edge having alternating
projections and valleys adjacent the inner bottom surface of
the cooling chamber. In operation during the first mode, moist
air flows through the valleys and adjacent the inner bottom
surface of the cooling chamber to remove moisture from the
moist air.

It 1s noted that any one or more aspects or Ieatures
described with respect to one embodiment may be incorpo-
rated 1n a different embodiment although not specifically
described relative thereto. That 1s, all embodiments and/or
features of any embodiment can be combined 1n any way
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and/or combination. Applicant reserves the right to change
any originally filed claim or file any new claim accordingly,
including the right to be able to amend any originally filed
claim to depend from and/or incorporate any feature of any
other claim although not originally claimed in that manner.
These and other objects and/or aspects of the present mnven-
tion are explained 1n detail in the specification set forth below.

BRIEF DESCRIPTION OF THE DRAWINGS

FI1G. 11s a front perspective view ol a moisture trap includ-
ing a housing according to some embodiments of the mven-
tion.

FI1G. 2 1s a front cross-sectional view of the moisture trap of
FIG. 1 with the housing removed.

FIG. 3A 1s a top view of the moisture trap of FIG. 1.

FIGS. 3B and 3C are top views illustrating alternative port
locations and alternative baftle configurations for the mois-
ture trap of FIG. 1 according to some embodiments of the
invention.

FI1G. 4 illustrates a baille for use with the moisture trap of
FIG. 1 according to some embodiments of the invention.

FIG. 5 1s a top cross-sectional view of the moisture trap of
FIG. 1 according to some embodiments of the invention.

FIG. 6 1s a rear perspective view of the moisture trap of
FIG. 1.

FI1G. 7 1s a schematic of a system using the moisture trap of

FIG. 1.

FIG. 8 1s a flow chart illustrating operations using the
moisture trap of FIG. 1.

DETAILED DESCRIPTION OF EMBODIMENTS
OF THE INVENTION

The present mvention will now be described more fully
hereinafter with reference to the accompanying drawings, in
which embodiments of the invention are shown. This mven-
tion may, however, be embodied 1n many different forms and
should not be construed as limited to the embodiments set
forth herein; rather, these embodiments are provided so that
this disclosure will be thorough and complete, and will fully
convey the scope of the invention to those skilled in the art.
Like numbers refer to like elements throughout. It will be
appreciated that although discussed with respect to a certain
embodiment, features or operation of one embodiment can
apply to others.

In the drawings, the thickness of lines, layers, features,
components and/or regions may be exaggerated for clarity
and broken lines (such as those shown in circuit of flow
diagrams) 1llustrate optional features or operations, unless
specified otherwise. In addition, the sequence of operations
(or steps) 1s not limited to the order presented 1n the claims
unless specifically indicated otherwise.

The terminology used herein 1s for the purpose of describ-
ing particular embodiments only and 1s not intended to be
limiting of the invention. As used herein, the singular forms
“a”, “an” and “the” are intended to include the plural forms as
well, unless the context clearly indicates otherwise. It will be
turther understood that the terms “comprises” and/or “com-
prising,” when used 1n this specification, specity the presence
of stated features, steps, operations, elements, and/or compo-
nents, but do not preclude the presence or addition of one or
more other features, steps, operations, elements, components,
and/or groups thereof. As used herein, the term “and/or”
includes any and all combinations of one or more of the
associated listed 1tems.
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Unless otherwise defined, all terms (including technical
and scientific terms) used herein have the same meaning as
commonly understood by one of ordinary skill in the art to
which this invention belongs. It will be further understood
that terms, such as those defined 1n commonly used dictio-
naries, should be imterpreted as having a meaning that 1s
consistent with their meanming 1n the context of the specifica-
tion and relevant art and should not be iterpreted 1 an
idealized or overly formal sense unless expressly so defined
herein. Well-known functions or constructions may not be
described in detail for brevity and/or clarity.

It will be understood that when a feature, such as a layer,
region or substrate, 1s referred to as being “on” another feature
or element, it can be directly on the other element or inter-
vening elements may also be present. In contrast, when an
clement1s referred to as being “directly on” another feature or
clement, there are no intervening elements present. It will also
be understood that, when a feature or element 1s referred to as
being “connected” or “coupled” to another feature or ele-
ment, it can be directly connected to the other element or
intervening elements may be present. In contrast, when a
teature or element 1s referred to as being “directly connected”
or “directly coupled” to another element, there are no inter-
vening elements present. Although described or shown with
respect to one embodiment, the features so described or
shown can apply to other embodiments.

As used herein, the term “housing” means one or more
panels generally defining an outer structure relative to one or
more components of amoisture trap. The housing can include
panels such as sidewalls and/or a top portion, but these panels
need not fully enclose any components. As used herein, the
term “in the housing” means that sidewall panels generally
surround a component but are not necessarily 1n contact with
the component.

FIG. 1 illustrates a moisture trap 10 according to some
embodiments of the invention. The moisture trap 10 includes
a housing 12. A cooling chamber 14 1s positioned at least
partially in the housing 12. In some embodiments, the cooling
chamber 14 1s held by the housing 12. The housing 12
includes a top portion 12t having an aperture 16 through
which the cooling chamber 14 can be accessed. An open top
portion 14t of the cooling chamber 14 can be located within
the housing 12, can be substantially flush with the top portion
12t of the housing 12, or can extend through the aperture 16
and through the top portion 12t of the housing 12.

FIG. 2 illustrates certain components of the moisture trap
10 with the housing 12 removed according to some embodi-
ments of the invention. The cooling chamber 14 includes a
first port 18 and a second port 20. As 1llustrated, the first port
18 extends through a first side or sidewall 14, of the cooling
chamber 14 and the second port 20 extends through an oppos-
ing second side or sidewall 14, of the cooling chamber 14. As
will be described 1n more detail below, connectors 18', 20
(FIGS. 1, 3A-3C, 5 and 6) may extend from the ports 18, 20
(e.g., the connectors 18', 20" may extend outside the housing,
12).

The moisture trap 10 includes a cover or 11d 22 to cover the
open top portion 14t of the cooling chamber 14. The 1id 22 1s
configured to pivotably or sealably connect to the top portion
14t of the cooling chamber 14. In position, the lid 22 can
provide an airtight seal over the top portion 14t of the cooling
chamber 14. In some embodiments, the lid 22 includes a
gasket 22¢g to sealably connect to the top portion 14t of the
cooling chamber 14. In some embodiments, the lid 22
includes an optically translucent or transparent material and
1s configured to allow a user to view the interior of the cooling

chamber 14.
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A thermoelectric device 24 resides under the cooling
chamber 14. In some embodiments, the thermoelectric device
24 1s positioned 1n the housing 12. As understood by those of
ordinary skill in the art, thermoelectric devices (also known as
Peltier devices) can be activated by a voltage supply to create
opposing heat generating and cooling sides. Exemplary ther-
moelectric devices are available from TE Technology, Inc. in
Traverse City, Mich. In the 1llustrated embodiment, the ther-
moelectric device 24 includes an upper cooling side 24¢ and
a lower heat generating side 24h. The thermoelectric device
24 1s 1n thermal communication with the cooling chamber 14

and oriented so that the cooling side 24¢ faces the cooling
chamber 14.

The moisture trap 10 also includes a heat sink 26 residing,
under the thermoelectric device 24. In some embodiments,
the heat sink 26 1s positioned at least partially 1n the housing,
12. The thermoelectric device 24 1s positioned between the
cooling chamber 14 and the heat sink 26. The heat generating
side 24h of the thermoelectric device 24 faces and 1s 1n ther-
mal communication with the heat sink 26. More particularly,
the heat generating side 24h of the thermoelectric device 24
can be 1 contact with an upper surface of the heat sink 26. In
some embodiments, the heat sink 26 includes elongated
downwardly extending fins 28. As understood by those of
skill in the art, the fins 28 provide increased surface area and
can facilitate heat transfer.

A fan 301s configured to remove heat from the heat sink 26.
In some embodiments, the fan 30 1s positioned at least par-
tially 1n the housing 12. As illustrated, the fan 30 resides
below the heat sink 26 and 1s orniented 1n a substantially
horizontal configuration and i1s configured to blow air
upwardly toward the heat sink 26 and/or the elongated fins 28.
The fan 30 may be attached to a bracket 31 (for example, with
bolts, rods, or the like), and the bracket 31 may be attached to
the housing 12. The bracket 31 may include an aperture 31a
(FIG. 1) through which air may flow. It 1s noted that the
bracket 1s optional and the fan 30 may be situated under the
heat sink 26 1n other ways (for example, the fan 30 may be
directly mounted to the housing 12). It 1s further noted that the
fan need not be 1n a horizontal configuration. For example, the
fan may be oriented vertically, or at any angle between hori-
zontal and vertical, and duct work may direct air tlow toward
the heat sink 26 and/or the elongated fins 28.

In some embodiments, the housing 12 includes a sidewall
having a cutaway 12c¢ (FIG. 1). The cutaway 12¢ has a size
suificient to expose at least a major portion of a length of the
downwardly extending fins 28 to environmental conditions.
The cutaway 12c¢ can improve airtflow and enhance heat trans-
fer away from the heat sink 26.

The cutaway 12c¢ can also allow for suificient intake of
environmental air to the fan 30. Additionally or alternatively,
sidewalls of the housing 12 can include apertures 80 (F1GS. 1
and 6) can allow for suilicient intake of air to the fan 30.

As understood by those of skill 1n the art, the temperature
of the cooling side 24¢ of the thermoeclectric device 24
decreases as more heat 1s dissipated from the heat generating
side 24h of the thermoelectric device 24. Therefore, as the
heat generating side 24h 1s 1n thermal commumnication with
the heat sink 26, increased heat transfer away from the heat
sink 26 will result a colder cooling side 24¢ of the thermo-
clectric device 24.

The moisture trap 10 includes a batile configured define a
physical barrier to urge air recerved from one of the ports 18,
20 to flow down toward the nner bottom surface 34 of the
cooling chamber 14 before exiting through the other of the
ports 18, 20, as will be described 1n more detail below. The
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baffle may comprise piping, mesh material, one or more
plates, or one or more chambers within the interior of the
cooling chamber 14.

FIG. 3A 1s a top view of the moisture trap 10 according to
some embodiments of the invention. As 1llustrated, a batlle 32
extends downwardly 1n the cooling chamber 14 from a loca-
tion proximate the lid 22 (or the top portion 14t of the cham-
ber 14) to a location proximate an inner bottom surface 34 of

the cooling chamber 14. The battle 32 can be a plate s1zed and

configured to extend across the cooling chamber 14 such that
the first port 18 1s on one side of the batile 32 and the second
port 20 1s on the opposite side of the baiile 32. In some
embodiments, the baftle 32 may contact opposing corners or
sidewalls of the cooling chamber 14.

The cooling chamber 14 can be substantially square or
rectangular. The first and second sides or sidewalls 14,14, of
the cooling chamber 14 can be substantially parallel. The
cooling chamber can 1nclude third and fourth sides or side-
walls 14,, 14, attached to the first and second sides 14, 14,
and the third and fourth sidewalls 14,, 14, can be substan-
tially parallel. The first port 18 may extend through one side-
wall and the second port 20 may extend through an opposing
sidewall. For example, as illustrated 1n FIG. 3 A, the first port
18 may extend through the first sidewall 14, of the cooling
chamber 14 and the second port 20 may extend through the
opposing second sidewall 14, of the cooling chamber.

As 1llustrated 1n FIG. 3 A, the bafile 32 may extend diago-
nally across the cooling chamber 14 and contact opposing
corners or sidewalls. As 1llustrated, the baftle 32 extends from
or adjacent a corner defined by sidewalls 14, 14, to or adja-
cent a corner defined by sidewalls 14,, 14,. In some other
embodiments, the baille 32 may extend diagonally from or
adjacent a corner defined by sidewalls 14, 14, to or adjacent
a corner defined by sidewalls 14,, 14,. In any event, the battle
32 can be sized and configured to fit within the cooling cham-
ber 14 such that the first port 18 1s on one side of the baitle 32
and the second port 20 1s on the opposite side of the baftle 32.

FIGS. 3B and 3C are top views illustrating port and battle
configurations according to some other embodiments of the
invention. For example, the first and second ports 18, 20 may
extend through the same sidewall of the cooling chamber 14
as 1llustrated 1n FIG. 3B. In the illustrated embodiment, the
first and second ports 18, 20 extend through the first sidewall
14, and the batile 32 is s1zed and configured to extend across
the cooling chamber 14 and contact opposing sidewalls 14,
14, such that the first port 18 1s on one side of the batile 32 and
the second port 20 1s on the opposite side of the batile 32. The
ports 18, 20 can also both extend through any of sidewalls
14,14, 14, and the batile 32 can be sized and configured to
contact opposing sidewalls such that the first port 18 1s on one
side of the battle 32 and the second port 20 1s on the opposite
side of the baitle 32.

In some other embodiments, the first port 18 may extend
through one sidewall of the cooling chamber 14 and the
second port 20 may extend through an adjacent sidewall of the
cooling chamber 14. As illustrated 1n FIG. 3C, the firstport 18
may extend through the first sidewall 14, of the cooling cham-
ber and the second port 20 may extend through the adjacent
third sidewall 14, of the cooling chamber 14 (1t will be under-
stood that the ports 18, 20 may extend through any adjacent
sidewalls). As 1llustrated and as described above 1n reference
to FIG. 3A, the baifle 32 can extend diagonally across the
cooling chamber 14 and can be sized and configured to {it
within the cooling chamber 14 such that the first port 18 1s on
one side of the baitle 32 and the second port 20 1s on the
opposite side of the baittle 32.
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It will be understood that the ports 18, 20 may be at the
same or substantially the same vertical level or elevation (e.g.,
relative to the ground or the iner bottom surface 34 of the
cooling chamber 14), or may be at different vertical levels or
clevations.

It will further be understood that, although not 1llustrated,
one or both of the ports 18, 20 may extend through the top of
the cooling chamber 14 (e.g., through or adjacent the lid 22)
and/or one or both of the ports 18, 20 may extend through the
bottom of the cooling chamber 14 (e.g., through the inner
and/or outer bottom surfaces 34, 42).

FIG. 4 1s a side view of the batfle 32 according to some
embodiments of the invention. The baitle 32 has a bottom

edge 32b with alternating downward projections 35 and val-
leys 36 (1.e., openings between the projections). Atleast some
ol the projections 35 (and perhaps all of the projections 33, or
all of the projections 35 aside from the outermost projections
35) can have a width 35w of about 1 inch. At least some of the
valleys 36 (and perhaps all of the valleys 36) can have a width
36w of about 0.47 inches. At least some of the valleys 36 (and
perhaps all of the valleys 36) can have a height 36h of about
0.35 inches.

The batile 32 can be slidably inserted into the interior of the
cooling chamber 14, as shown i FIGS. 3A-3C. When
inserted, the bottom edge 32b of the batile 32 resides proxi-
mate the iner bottom surface 34 of the cooling chamber 14.
Opposing sides 32s of the batlle and/or interior corners 14¢ of
the cooling chamber 14 may be rounded to facilitate insertion
of the baitle 32 into the chamber 14. In some other embodi-
ments, the iterior of the chamber 14 may include grooves
(not shown) to facilitate insertion of the baftle 32. Alterna-
tively, the baille 32 may be integrated with the interior of the
chamber 14. The baitle 32 may be a corrosion-resistant metal
plate (e.g., aluminum or stainless steel ) and may have a thick-
ness of between about 0.032 inches to about 0.25 1nches.

Referring again to FIG. 2, in some embodiments, the mois-
ture trap 10 may include a spacer block 40 positioned between
the cooling side 24c¢ of the thermoelectric device 24 and an
outer bottom surface 42 of the cooling chamber 14. As will be
described in more detail below, the spacer block 40 can be
used on top of the thermoelectric device 24 to help 1solate the
cooling chamber 14 from the heat generating side 24h of the
thermoelectric device 24. Furthermore, as will be described in
more detail below, insulation can be placed proximate the
spacer block 40 to help further 1solate the cooling chamber 14
from the heat generating side 24h of the thermoelectric device
24 and/or the heat sink 26.

Therefore, in some embodiments, the heat sink 26, the
thermoelectric device 24, the spacer block 40, and the cooling,
chamber 14 can comprise a stackable assembly as 1llustrated.
The assembly or stack can be tightened together firmly to
attain good surface-to-surface contact and enhance thermal
transier. The cooling chamber 14 may be firmly attached to
the spacer block 40 1n a manner known to those of ordinary
skill in the art. By way of example, one or more fasteners 41
(e.g., screws) may penetrate through the chamber 14, spacer
block 40, and into apertures (e.g., threaded apertures) in the
heat sink 26 (FI1G. 3A). Vacuum sealing washers 43 may also
be used as illustrated (FIG. 3A). Moreover, thermally con-
ductive paste and/or film may be applied or positioned
between the heat sink 26 and the heat generating side 24h of
the thermoelectric device 24, between the cooling side 24¢ of
the thermoelectric device 24 and a bottom surface 40b of the
spacer block 40, and/or between an top surface 40t of the
spacer block 40 and the outer bottom surface 42 of the cooling
chamber 14 to further enhance thermal transier. Exemplary
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fo1l 1s available from Graphite Foil Fabricators Corp. 1n
Plantsville, Conn. Exemplary paste 1s available from Arctic
Silver Corp. 1n Visalia, Calif.

As 1llustrated 1in FIG. 2, the thermoelectric device 24 can
have a cross-sectional area that 1s less than a cross-sectional
area of the spacer block 40, and the thermoelectric device 24
can have a thickness that 1s less than a thickness of the spacer
block 40. Also as illustrated, the spacer block 40 can have a
cross-sectional area that 1s less than a cross-sectional area of
the cooling chamber 14 (i.e., the area of the outer bottom
surface 42 of the cooling chamber 14). In some embodiments,
the thermoelectric device 24 1s substantially centered above
the heat sink 26, the spacer block 40 1s substantially centered
above the thermoelectric device 24, and/or the cooling cham-
ber 14 1s substantially centered above the spacer block 40.

The thermoelectric device 24 can have a surface area (e.g.,
on the cooling side 24c¢) that 1s less than about 2.5 square
inches and can be less than about 0.25 inches thick (or, 1n
some embodiments, less than about 0.15 inches thick). The
spacer block 40 can have a surface area (e.g., on the bottom
surface 40b) that 1s less than about 4 square inches and can be
less than about 0.75 1nches thick (or, 1n some embodiments,
less than about 0.5 1inches thick). The outer bottom surface 42
of the cooling chamber 14 can have a surface area of less than
about 15 square inches. More particularly, the cooling cham-
ber 14 can have cross-sectional dimensions of about 4 inches
by about 3.5 inches. The cooling chamber 14 can have a
height of between about 1 inch to about 5 iches. Thus, the
cooling chamber 14 can have an internal volume of about 14
cubic 1mches to about 70 cubic inches. These relatively small
component dimensions allow for a lightweight and portable
design, as described 1n more detail below.

A first msulating material 46 can snugly surround down-
wardly extending perimeter sides 44 of the spacer block 40. In
some embodiments, the insulating material 46 1s a gasket,
with an upper portion of the gasket 46 directly contacting the
outer bottom surface 42 of the cooling chamber 14 and a
lower portion of the gasket 46 directly contacting an upper
surface of the heat sink 26. The insulating material 46 can be
foam rubber, such as polyurethane foam, foam rubber latex,
and the like. In the illustrated embodiment, the spacer block
40 has a larger surface area than the thermoelectric device 24,
thereby forming gaps or spaces 52 between the spacer block
40 and the heat sink 26. The insulating maternial or gasket 46
can be formed to fill the gaps 52. Alternatively, the gaps 52
may remain open or may be filled with additional insulating
material.

The first insulating material 46 can further thermally 1s0-
late the cooling chamber 14 from the heat generating side 14h
of the thermoelectric device 24 and the heat sink 26. In some
embodiments, the isulating material 46 contacts the outer
bottom surface 42 of the cooling chamber 14 and extends
outwardly to the first and second sides or sidewalls 14, 14,
and/or to the third and fourth sides or sidewalls 14, 14, of the
cooling chamber 14. In this regard, the spacer block 40 and
the insulating material 46 can serve to help thermally 1solate
the outer bottom surface 42 of the cooling chamber 14 from
the thermoelectric device 24 and the heat sink 26. In some
embodiments, the insulating material 46 1s less than about 3
inches thick and, 1n some embodiments, less than about 2.5
inches thick.

As seen 1n FIG. 3A, the cooling chamber 14 can be spaced
apart from sidewalls of the housing 12. In some embodi-
ments, the heat sink 26 has a larger surface area than the
surface area of the outer bottom surface 42 of the cooling
chamber 14. For example, the heat sink 26 may extend proxi-
mate sidewalls of the housing 12. Theretore, it may be desir-
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able to further insulate the cooling chamber 14 from the
exposed portions of the heat sink 26 (e.g., those portions not
thermally 1solated from the cooling chamber 14 by the first
insulating material 46).

FI1G. 5 illustrates the moisture trap 10 with the top portion
12t of the housing 12 removed according to some embodi-
ments. A second insulating material 34 can be positioned
between the first and second sidewalls 14, 14, of the cooling,
chamber 14 and the housing 12. The second insulating mate-
rial 54 may be the same as the first insulating material 46 or
may be different. In some embodiments, the second msulat-
ing material 34 comprises fiberglass. The second insulating
material 54 can extend downwardly along the entire first and
second sidewalls 14,, 14, of the cooling chamber 14 and, 1n
some embodiments, can extend downwardly to the upper
surface of the heat sink 26. The second insulating material 54
may be about 1 inch thick (and therefore the space between
the first and second sidewalls 14, 14, of the cooling chamber
14 and the housing 12 may be about 1 inch). The second
insulating material 54 can include apertures 56 through which
the first and second connectors 18', 20' extend.

A third insulating material 38 can be positioned between
the third and fourth sidewalls 14,, 14, of the cooling chamber
14 and the housing 12. The third insulating material 58 may
be the same or different from the first insulating material 46
and/or the second insulating material 34. In some embodi-
ments, the third msulating 58 material comprises foam rub-
ber, such as polyurethane foam, foam rubber latex, and the
like. The third insulating material 58 can be adhesively
attached to the third and fourth sidewalls 14, 14, of the
cooling chamber 14. The third msulating material 58 can
extend downwardly along the entire third and fourth sidewalls
14, 14, of the cooling chamber 14 and, 1n some embodi-
ments, can extend downwardly to the upper surface of the
heat sink 26. The third insulating material 38 may be about 1
inch thick (and therefore the space between the third and
tourth sidewalls 14, 14, of the cooling chamber 14 and the
housing 12 may be about 1 inch). The third insulating mate-
rial 538 can include apertures (not shown) through which the
first and second connectors 18', 20" may extend.

FIG. 6 1s a rear perspective view of the moisture trap 10. A
power supply box 60 can be attached to the housing 12 (in
some embodiments, the box 60 may be integrated with the
housing 12). The box 60 can house a power adapter 62 (FIG.
5) to convert AC power to DC power. For example, the adapter
62 may convert about 120 volts AC to about 15 volts DC. A
power cord 64 (FIG. 1) can supply AC power to the moisture
trap 10. The power cord 64 can run 1nto the box 60 to supply
AC power to the adapter 62; for example, the cord 64 may run
adjacent the fan 30 and 1nto the box 60. DC power from the
power adapter 62 can be used to supply power to the thermo-
clectric device 24 and/or to the fan 30. The box 60 can include
an aperture 66 to provide air to a fan 68 to cool the power
adapter 62 and its associated components. The fan 68 may be
integrated with the power adapter 62 or may be a separate
component. The box 60 can include apertures 70, 72 for
additional cooling and/or air flow. The adapter 62 can be
positioned 1n the box 60 such that it 1s spaced apart from the
housing 12. This space can serve to thermally isolate the
adapter 62 from the heat sink 26 and other components of the
moisture trap 10. In some embodiments, the adapter 62 may
be spaced at least about 0.1875 inches from the housing 12.

Referring to FI1G. 5, 1n some embodiments, there may be a
gap 74 between the insulating material 58 and the housing 12
adjacent the power supply box 60. The gap 74 may allow air
from the fan 30 to pass through the heat sink 26, up along the
housing 12 and through apertures 76, 78 in the housing 12
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(FIG. 6). In this regard, the gap 74 and apertures 76, 78 can
help dissipate additional heat from the heat sink 26, thereby
allowing for a colder cooling side 24¢ of the thermoelectric
device 24 and 1n turn a colder cooling chamber 14. Moreover,
the gap 74 can thermally 1solate the box 60 and the power
adapter 62 from the heat sink 26 and other components of the
moisture trap 10. Where used, the gap 74 will typically have
a thickness of less than about 0.50 inches.

As described above, the moisture trap 10 can include con-
nectors 18',20' (FIGS.1,3A-3C, 5Sand 6). The connectors 18",
20" may connect with, extend through, and/or be integrated
with respective ports 18, 20 of the cooling chamber 14. The
connectors 18', 20" may extend outside the housing 12 and
allow for other components or equipment to connect with the
moisture trap 10. The housing 12 may include apertures 82
(FIGS. 1 and 6) substantially aligned with the ports 18, 20 of
the cooling chamber 14, with the connectors 18', 20" extend-
ing through the apertures. The connectors 18', 20' may
include hose connections such as, for example, 2 inch, 7is

inch, or 34 1inch hose connections.

I'he moisture trap 10 1s configured to be used 1n combina-
tion with a vacuum pump and equipment from which moist
air 1s evacuated. For example, a vessel containing a wet or
moist test sample can be connected to the moisture trap 10 at
the port 18 or the connector 18' and a vacuum pump can be
connected to the moisture trap 10 at the port 20 or the con-
nector 20'. In some embodiments, the moisture trap 10 1s
configured to be used 1n combination with a vacuum pump
having a flow rate of between about 40 liters per minute to
about 200 liters per minute.

This 1s illustrated in FIG. 7. A chamber or vessel 100
includes a test sample 102. The test sample 102 may be
compacted asphalt or loose asphalt mixture, for example. The
chamber 100 may include liquid 104 (e.g., water), which may
submerge the test sample 102. The vessel 100 may include
vapor 106 (e.g., water vapor). A fluid path 150 connects the
chamber 100 and a vacuum pump 200. The portable moisture
trap 10 1s positioned 1n the tfluid path 150. For example, the
fluid path 150 may comprise a hose or pipe fluidly connecting
the chamber 100 and the moisture trap 10 (e.g., at connector
18'), and may also comprise a hose or pipe fluidly connecting,
the vacuum pump 200 and the moisture trap (e.g., at connec-
tor 20').

In operation, the Iid 22 1s sealably attached to the top
portion 14t of the cooling chamber 14 and power 1s supplied
to the moisture trap 10. Power will activate the thermoelectric
device 24. The cooling side 24c¢ of the thermoelectric device
24 cools the cooling chamber 14. Heat generated by the heat
generating side 24h ofthe thermoelectric device 1s transferred
to the heat sink 26. Heat 1s removed from the heat sink 26
using the fan 30. As more heat 1s removed from the heat sink
26, more heat 1s transierred from the heat generating side 24h
of the thermoelectric device 24, and as a result the tempera-
ture of the cooling side 24c¢ of the thermoelectric device 24
decreases and accordingly the temperature of the cooling
chamber 14 also decreases.

The cooling chamber 14 1s thermally 1solated from the heat
generating side 24h of the thermoelectric device 24 and the
heat sink 26 by the spacer block 40, and by the use of 1nsu-
lating materials 46, 54, and 38. This thermal 1solation allows
the cooling chamber 14 to become increasingly cold even as
the heat generating side 24h of the thermoelectric device 24
and the heat sink 26 dissipate more and more heat.

In particular, the mnner and outer bottom surfaces 34, 42 of
the cooling chamber 14 and the sidewalls 14,,14,,14,, 14, of
the cooling chamber 14 become increasingly cold after apply-
ing power to the moisture trap 10. After a certain amount of
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time, the temperature of the cooling chamber 14 reaches
steady state. In some embodiments, the cooling chamber 14
reaches a steady state temperature of about 32 degrees Fahr-
enheit at about 70 degrees Fahrenheit ambient 1n less than
about 15 minutes.

A vacuum pump, such as the vacuum pump 200 illustrated
in FIG. 7, 1s then operated. The vacuum pump 1s i fluid
communication with a port of the cooling chamber 14, such as
port 20. The vacuum pump 1s configured to evacuate moist air
from equipment, such as the chamber or vessel 100 1llustrated
in FIG. 7. The equipment from which moist air 1s evacuated 1s
in fluid communication with the opposite port of the cooling
chamber 14, such as port 18.

Thus, moist air 1s received through the port 18 of the
cooling chamber 14 1n response to operation of the vacuum
pump. The baitle 32 1n the interior of the cooling chamber 14
serves to urge the moist air down toward the inner bottom
surface 34 of the cooling chamber 14 and then up before
substantially dry air exits the port 20 of the cooling chamber
14. For example, the air may take a path similar to that shown
by the arrow 1n FI1G. 2. Inthis regard, the baitle serves to direct
the air along the relatively cold surfaces of the cooling cham-
ber 14 to enhance moisture removal. The baitle 32 can also
encourage the air to travel proximate the first sidewall of the
cooling chamber 14 through which the first port 18 extends as
the air travels downward from the port 18 and can also encour-
age the air to travel proximate the sidewall of the cooling
chamber 14 through which the second port 20 extends as the
air travels upward toward the port 20.

Moisture 1s removed from the air as it travels through the
cooling chamber 14; the moisture removal 1s enhanced by
directing the air along the relatively cold surfaces of the
cooling chamber 14. Water vapor 1n the air condenses and
collects at the inner bottom surface 34 of the cooling chamber.
As described above, the 11d 22 may include an optically trans-
parent or translucent material to allow a user to observe mois-
ture as 1t gathers 1n the cooling chamber 14. After the vacuum
process has been completed, the user may open the id 22 and
remove the moisture from the cooling chamber 14, such as by
absorption or suction. Additionally or alternatively, an auto-
matic or manual valve and/or a drain may be included at the
bottom of the cooling chamber to allow moisture to flow
therefrom.

In some embodiments, a temperature sensor 1s placed in the
interior of the cooling chamber 14. This can allow a user to
monitor the temperature of the cooling chamber 14 and, for
example, determine when the cooling chamber 14 has
reached a steady state temperature. Moreover, the tempera-
ture sensor may be in communication with a controller, and
the controller may also be 1n communication with other com-
ponents (e.g., the fan 30, the power adapter 62, etc.) to regu-
late the temperature of the cooling chamber 14. The controller
may be separate from the moisture trap 10 or may be inte-
grated with the moisture trap 10. For example, the controller
may be housed within the box 60.

The moisture trap described herein can provide several
advantages over traditional moisture removing devices used
in these applications. The cold temperatures and directed air
flow path can remove moisture more efficiently than tradi-
tional devices. In particular, desiccant dryers may be some-
what efficient when the desiccants are initially dry; however,
they may quickly lose their efliciency as the desiccants inevi-
tably become wet from moist air tlowing therethrough.
Accordingly, these dryers must be continually replaced or
recycled, adding cost and causing downtime. Moreover,
moisture can enter the vacuum pump even when these dryers
are replaced or recycled regularly.
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Vacuum pumps employ lubricants such as o1l to reduce
friction between moving parts and to protect seals. Any mois-
ture entering the vacuum pump serves to dilute the lubricant
and reduce 1ts effectiveness. As a result, any moisture entering
the pump necessitates imncreased o1l changes, which increase
cost, produce waste, and create downtime. Moreover, the
gradual breakdown of the lubricant during operation
decreases the lifetime of the pump due to friction between
parts and breakdown of seals.

Furthermore, the moisture trap described herein allows for
a relatively unobstructed flow path through the moisture trap.
This 1s 1n contrast to other dryers such as desiccant dryers,
which can create considerably more resistance. The vacuum
pump must work harder and requires more power input due to
increased tlow resistance.

The moisture trap described herein can improve the elli-
ciency of the vacuum pump 1n another way: the pressure 1s
reduced inside the cooling chamber as moisture 1s condensed.
This creates an increased pressure gradient between the
equipment to be evacuated (e.g., chamber or vessel contain-
ing moist air) and the vacuum pump, thereby increasing the
elficiency of the pump.

The moisture trap can also provide an environmentally-
friendly solution. Its enhanced moisture removing capabili-
ties and relatively unobstructed air flow path can reduce the
power consumption of the vacuum pump. The reduction of
moisture entering the pump also increases the lifetime of the
pump, therefore eliminating waste created by disposing of the
pump unnecessarily early. Along the same lines, the reduction
in moisture entering the vacuum pump reduces the number of
required o1l changes, which create o1l waste that 1s difficult to
dispose and harmiul to the environment.

As described above, the configuration of the moisture trap
also allows for a lightweight, portable solution. In some
embodiments, the footprint of the moisture trap 1s less than
about 100 square inches, and 1n other embodiments less than
about 88 square inches. In some embodiments, the moisture
trap weighs less than about 10 pounds, and 1n other embodi-
ments weighs less than about 8 pounds.

The moisture trap 1s suitable to be used 1n laboratory appli-
cations, such as the testing of compacted and loose paving
mixtures. The lightweight and portable nature of the moisture
trap allow for easy manipulation and movement required in
these environments. Moreover, the connectors/ports of the
moisture trap can allow for easy connection of components
such as vacuum pumps and vessels.

The moisture trap 1s also configured to be operated con-
tinuously, thereby improving the accuracy, reliability and
repeatability of tests. This 1s 1n contrast to other dryers, such
as desiccant dryers, that need constant replacement, increas-
ing downtime and potentially compromising repeatability of
test conditions.

The moisture trap can be used in systems designed to dry
compacted asphalt samples for testing, such as the systems
disclosed 1 U.S. Patent Application Publication No. 2005/
0102851 to He et al., the disclosure of which 1s incorporated
herein 1n 1ts entirety. In particular, the moisture trap 10 can be
positioned between a chamber containing an 1nmitially wet
compacted asphalt sample and a vacuum pump configured to
evacuate moist air from the chamber. In some embodiments,
the sample 1n the chamber 1s exposed to alternating cycles of
applied vacuum and ambient or heated air to keep the sample
at a relatively constant temperature. For example, the cham-
ber may include two ports, with vacuum being applied
through one port and ambient air supplied through another
port. At least during the vacuum cycle, the moisture trap 10
can prevent moist air evacuated from the chamber from enter-
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ing the vacuum pump. In these systems, the cycling can
continue until the pressure 1n the chamber 1s less than 10
TORR, which indicates that the compacted asphalt sample 1s

dry.

The moisture trap 10 can also be used 1n the testing of loose
asphalt mixtures. For example, the moisture trap can be used
in tests for determining maximum speciiic gravity and den-

sity of bituminous paving mixtures. These tests are described
in ASTM Test D2041 and AASHTO Test T209, the disclo-

sures of each of which are incorporated herein 1n their entire-
ties. Vacuum pumps are used in these tests to reduce the
pressure 1n a vessel containing a test sample submerged in
water (the vacuum pump 1s also used to remove air from the
sample). The tests require the use of one or more 1000 mlL.
filter flasks, or the equivalent, installed between the vessel and
the vacuum pump to reduce the amount of water vapor enter-
ing the pump. Current practice 1s to use one or more desiccant
dryers; however, these dryers have several drawbacks as
detailed above.

FIG. 8 illustrates operations for determining the maximum
specific gravity or density of a test sample using a portable
moisture trap. A portable moisture trap 1 a tfluid path con-
necting a vessel adapted to hold a test sample and a vacuum
pump 1s provided (Block 300). The portable moisture trap
includes a cooling chamber having a {first port connected to
the vessel and a second port connected to the vacuum pump.
The portable moisture trap also includes a thermoelectric
device. In some embodiments, the portable moisture trap can
include other components described above 1n reference to the
moisture trap 10. The cooling chamber 1s cooled using the
thermoelectric device (Block 305). The test sample 1s
weighed to determine a dry mass of the sample (Block 310).
Subsequently, the test sample 1s placed in the vessel (Block
315). Water 1s added to the vessel to submerge the test sample
(Block 320).

Moist air 1s evacuated from the vessel while the test sample
1s submerged and the pressure 1n the vessel 1s reduced using
the vacuum pump. This evacuatmg step can be carried out by
the following: flowing moist air from the vessel through the
first port of the cooling chamber (Block 3235); then removing
moisture from the moist air 1n the cooling chamber (Block
330); and then flowing substantially dry air through the sec-
ond port of the cooling chamber toward the vacuum pump
(Block 335). In some embodiments, the cooling chamber
includes a batlle extending downwardly 1n the cooling cham-
ber from a location proximate a lid to a location proximate an
inner bottom surface of the cooling chamber, and the step of
removing moisture (Block 330) includes urging moist air
down toward the inner bottom surface of the cooling chamber.
In some embodiments, the baflle comprises a plate that
extends across the cooling chamber and contacts opposing
corners or sidewalls so that the first port 1s on one side of the
plate and the second port 1s on the other side of the plate,
wherein the plate has a bottom edge with alternating down-
ward projections and valleys that resides proximate the inner
bottom surface of the cooling chamber, and the step of remov-
ing moisture (Block 330) includes tlowing moist air through
the valleys of the batile.

Subsequently, the volume of the sample 1s determined
(Block 340). In some embodiments, the step of determining
the volume of the sample 1includes: submerging the vessel
with the test sample in a water bath; and determining an
underwater weight of the test sample. In some other embodi-
ments, the step of determining the volume of the sample
includes: filling a known volume vessel with the sample and
water; and weighing the filled vessel 1n atr.
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Finally, the density and/or specific gravity of the test
sample 1s calculated using the determined dry mass and the
determined volume of the sample (Block 345). The density 1s
calculated by dividing the dry mass by the volume. The maxi-
mum specific gravity 1s the ratio of the mass of the sample to
the mass of an equal volume of water.

The foregoing 1s illustrative of the present invention and 1s
not to be construed as limiting thereotf. Although exemplary
embodiments of this invention have been described, those
skilled 1n the art will readily appreciate that many modifica-
tions are possible 1 the exemplary embodiments without
materially departing from the novel teachings and advantages
of this mvention. Accordingly, all such modifications are
intended to be included within the scope of this invention as
defined 1n the claims. The invention 1s defined by the follow-
ing claims, with equivalents of the claims to be included
therein.

That which 1s claimed 1s:

1. A portable moisture trap for use with a vacuum pump,
comprising: a housing, a cooling chamber positioned at least
partially within the housing, the cooling chamber including a
first 1nlet port and a second outlet port; a lid that sealably
attaches to a top portion of the cooling chamber to seal the
cooling chamber; a heat sink residing under the cooling
chamber; a thermoelectric device having an upper cooling
side and a lower heat generating side residing between the
cooling chamber and the heat sink, the thermoelectric device
being in thermal communication with the cooling chamber
and oriented so that the cooling side faces the cooling cham-
ber and the heat generating side faces and 1s 1n thermal com-
munication with the heat sink; a fan residing under the heat
sink, the fan oriented to blow air upwardly toward the heat
sink; and a baille extending downwardly in the cooling cham-
ber from a location proximate the lid to a location proximate
an inner bottom surface of the cooling chamber; wherein the
batlle comprises a plate that extends across the cooling cham-
ber so that the first port 1s on one side of the plate and the
second port 1s on the other side of the plate, and wherein the
plate has a bottom edge with alternating downward projec-
tions and valleys that resides proximate the inner bottom
surface of the cooling chamber, the batftle configured to define
a physical barrier to urge air recerved through the first port to
flow down toward the inner bottom surface of the cooling
chamber before exiting through the second port, to thereby
remove moisture from air traveling through the cooling
chamber 1n response to a vacuum pump 1n fluid communica-
tion with the second port.

2. The portable moisture trap of claim 1, wherein the cool-
ing chamber comprises sidewalls defining corners, and
wherein the baitle contacts opposing sidewalls or corners.

3. The portable moisture trap of claim 1, wherein the heat
sink comprises elongated downwardly extending fins, and
wherein the housing comprises one sidewall panel that has a
cutaway that has a size sullicient to expose at least a major
portion of a length of the downwardly extending fins of the
heat sink to environmental conditions.

4. The portable moisture trap of claim 1, further comprising,
a power supply attached to the housing to provide power to
the thermocelectric cooling device and/or the fan.

5. The portable moisture trap of claim 1, wherein the por-
table moisture trap has a footprint of less than about 100
square inches, and wherein the portable moisture trap weighs
less than about 10 pounds.

6. The portable moisture trap of claim 1, further comprising
a spacer block positioned between the cooling side of the
thermoelectric device and the outer bottom surface of the
cooling chamber.
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7. The portable moisture trap of claim 6, wherein the ther-
moelectric device has a surface area that 1s about 2.5 square
inches or less and 1s substantially centered on an upper sur-
face of the heat sink, wherein the spacer block has opposing
upper and lower surfaces each with a surface area that 1s larger
than that of the thermoelectric device but less than about 4

square inches and has a thickness of between 2 inches to 5
inches and 1s substantially centered on the thermoelectric
device, and wherein the cooling chamber has a bottom surface
that has a surface area that 1s greater than the surface area of
the spacer block upper surface and 1s substantially centered
on the spacer block.

8. The portable moisture trap of claim 6, further comprising,
a first insulating material snugly surrounding downwardly
extending perimeter sides of the spacer block.

9. The portable moisture trap of claim 8, wherein the first
insulating material comprises a gasket with an upper portion
of the gasket directly contacting a bottom surface of the
cooling chamber and a lower portion of the gasket directly
contacting an upper surface of the heat sink.

10. The portable moisture trap of claim 8, wherein the
cooling chamber 1s substantially square or rectangular and
includes first and second sidewalls that are substantially par-
allel and third and fourth sidewalls that are substantially par-
allel, the portable moisture trap further comprising;:

a second 1nsulating material positioned between the first
and second sidewalls of the cooling chamber and the
housing; and

a third mnsulating material positioned between the third and
fourth sidewalls of the cooling chamber and the housing,
wherein the second 1nsulating material 1s different from
the third msulating material.

11. The portable moisture trap of claim 10, wherein the

second insulating material comprises fiberglass and the third
insulating material comprises foam rubber adhesively

attached to the third and fourth sidewalls of the cooling cham-
ber.

12. The portable moisture trap of claim 10, wherein the first
and second ports extend from the cooling chamber through a
respective aperture 1n the second insulating material and
through an aligned aperture 1n the housing.

13. The portable moisture trap of claim 1 1n combination
with: 1) a vessel configured to hold a moist or wet asphalt test
sample, wherein the vessel 1s 1n fluid communication with the
first port; and 2) a vacuum pump, wherein the vacuum pump
1s 1n fluid communication with the second port.

14. The portable moisture trap of claim 1, wherein the Iid
comprises an optically translucent or transparent material and
1s configured to pivotably or releasably sealably connect to
the open top portion of the cooling chamber.

15. The portable moisture trap of claim 1, wherein the
cooling chamber has an inner volume between 14 in> to 70

in’

16. The portable moisture trap of claim 1, wherein the fan
1s oriented 1n a substantially horizontal orientation.

17. The portable moisture trap of claim 1, wherein the first
port extends through a sidewall of the cooling chamber, and
wherein the second port extends through the same or a diif-
terent sidewall of the cooling chamber.

18. A system for evaluating test samples, comprising:

a chamber containing moist air and adapted to hold a loose

aggregate or compacted asphalt sample;

a vacuum pump 1n fluid communication with the chamber

to evacuate moist air from the chamber;

a fluid path connecting the chamber and the vacuum pump;

and
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a portable moisture trap positioned 1n the tluid path to
remove moisture from the evacuated air, the portable
moisture trap comprising:

a housing;

a cooling chamber at least partially within the housing,
including a first port and a second port;

a lid that sealably attaches to a top portion of the cooling
chamber to seal the cooling chamber;

a heat sink residing under the cooling chamber;

a thermoelectric device having an upper cooling side and
a lower heat generating side residing between the
cooling chamber and the heat sink, the thermoelectric
device being in thermal communication with the cool-
ing chamber and oriented so that the cooling side
faces the cooling chamber and the heat generating

side faces and 1s 1n thermal communication with the
heat sink:

a fan residing under the heat sink, the fan oriented 1n a
substantially horizontal orientation to blow air
upwardly to remove heat from the heat sink; and

a baitle extending downwardly 1in the cooling chamber
from a location proximate the lid to a location proxi-
mate an mner bottom surface of the cooling chamber;

wherein the battle comprises a plate that extends across the
cooling chamber so that the first port1s on one side of the
plate and the second port 1s on the other side of the plate,
and wherein the plate has a bottom edge with alternating
downward projections and valleys that resides proxi-
mate the inner bottom surface of the cooling chamber,
the baftle configured to define a physical barrier to urge
air recerved through the first port to flow down toward
the inner bottom surface of the cooling chamber before
exiting through the second port;

wherein, 1n operation and 1n response to operation of the
vacuum pump, moist air flows from the chamber
through the first port of the cooling chamber, down,
through the valleys and adjacent the inner bottom sur-
face of the cooling chamber to remove moisture from the
moist air, and substantially dry air flows through the
second port of the cooling chamber to the vacuum pump.

19. A portable moisture trap for use with a vacuum pump,

the moisture trap comprising:

a housing;

a cooling chamber positioned at least partially within the
housing, the cooling chamber including a first inlet port
and a second outlet port;

a lid that attaches to a top portion of the cooling chamber
to cover the top portion of the cooling chamber,

a heat sink residing under the cooling chamber;

a thermoelectric device having an upper cooling side and
a lower heat generating side vesiding between the cool-
ing chamber and the heat sink, the thevmoelectric device
being in thermal communication with the cooling cham-
ber and oriented so that the cooling side faces the cool-
ing chamber and the heat generating side faces and is in
thermal communication with the heat sink; and

a baffle extending downwardly in the cooling chamber from
a location proximate the lid to a location proximate an
inner bottom surface of the cooling chamber, the baffle
configured to define a physical barrvier to urge air
received through the first port to flow down toward the
inner bottom surface of the cooling chamber before exit-
ing through the second port to thereby remove moisture
from air traveling through the cooling chamber in
response to a vacuum pump in fluid communication with
the second port;
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wherein the baffle extends across the cooling chamber so
that the first port is on one side of the baffle and the
second port is on the other side of the baffle.

20. The moisture trap of claim 19, wherein the cooling
chamber is rectangular or square and comprises four side-
walls.

21. The moisture trap of claim 20, wherein the first port
extends through one of the sidewalls and the second port
extends through an adjacent one of the sidewalls.

22. The moisture trap of claim 20, wherein the first port
extends through one of the sidewalls and the second port
extends through an opposite one of the sidewalls.

23. The moisture trap of claim 20, wherein the first and
second ports extend through the same sidewall.

24. The moisture trap of claim 20, wherein the baffle
extends across the cooling chamber from one of the sidewalls
to an opposite one of the sidewalls.

25. The moisture trap of claim 20, wherein the four side-
walls define four corners, and wherein the baffle extends
across the cooling chamber from one of the corners to an
opposite one of the corners.

26. The moisture trap of claim 19, wherein the baffle is
configured to be slidably inserted into the cooling chamber.

27. The moisture trap of claim 19, wherein the housing
comprises atop portion having an aperture through which the
cooling chamber can be accessed.

28. The moisture trap of claim 27, whevrein the top portion
of the cooling chamber extends through the housing aperture
and through the top portion of the housing.

29. The moisture trap of claim 19, wherein the lid com-
prises an optically translucent ov transparvent material and is
configured to allow a user to view the interior of the cooling
chamber.

30. The moisture trap of claim 19, wherein the lid is con-
figured to sealably attach to the top portion of the cooling
chamber to seal the cooling chamber.

31. The moisture trap of claim 19, further comprising a fan
oriented to blow air toward the heat sink.

32. The moisture trap of claim 19, wherein the cooling
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chamber comprises a bottom surface having a surface area of 40

less than 15 inches.

33. The moisture trap of claim 19, wherein the cooling
chamber has a height between 1 inch and 5 inches.

34. The moisture trap of claim 19, wherein the cooling
chamber has an inner volume between 14 in” to 70 in.

35. The moisture trap of claim 19 in combination with: 1)
a vessel configured to hold a moist or wet asphalt test sample,
wherein the vessel is in fluid communication with the first

45
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port; and 2) a vacuum pump, wherein the vacuum pump is in
fluid communication with the second port.

36. A system for evaluating test samples, the system com-
prising:
a chamber containing moist air and adapted to hold a loose
aggregate ov compacted asphalt sample;

a vacuum pump in fluid communication with the chamber
to evacuate moist airv from the chamber;

a fluid path connecting the chamber and the vacuum pump;
and

a portable moisture trap positioned in the fluid path to
remove moisture from the evacuated air, the portable
moisture trap COmprising.

a housing;

a cooling chamber at least partially within the housing
including a first port and a second port;

a lid that attaches to a top portion of the cooling cham-
ber to cover the top portion of the cooling chamber,

a heat sink vesiding under the cooling chamber;

a thermoelectric device having an upper cooling side
and a lower heat generating side residing between the
cooling chamber and the heat sink, the thermoelectric
device being in thermal communication with the cool-
ing chamber and oriented so that the cooling side

Jaces the cooling chamber and the heat generating
side faces and is in thermal communication with the
heat sink; and

a baffle extending downwardly in the cooling chamber
from a location proximate the lid to a location proxi-
mate an inner bottom surface of the cooling chamber,
the baffle configured to define a physical barrier to
urge air received through the first port to flow down
toward the inner bottom surface of the cooling cham-
ber before exiting through the second port, wherein
the baffle extends across the cooling chamber so that
the first port is on one side of the baffle and the second
port is on the other side of the baffle;

wherein, in operation and in vesponse to operation of the
vacuum pump, moist aiv flows from the chamber through
the first port of the cooling chamber, down and adjacent
the inner bottom surface of the cooling chamber to
remove moisture from the moist air, and substantially
dry air flows through the second port of the cooling
chamber to the vacuum pump.
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