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(57) ABSTRACT 

A sample chamber includes a movable upper chamber. The 
movable upper chamber includes a center bore opening to a 
bottom of the chamber, at least one port for introduction of 
gas under pressure to the center bore, and a ?rst annular seal 
around the center bore. A stationary loWer seat opposing the 
upper chamber has a center bore aligned With the upper 
chamber. and includes an exhaust and a second annular seal 
around the center bore. A test material is placed betWeen the 
upper chamber and the loWer seat. An actuator moves the 
upper chamber. When the upper chamber is moved doWn 
With the ?rst annular seal in contact With an upper surface of 
a sample of the material and the second annular seal in 
contact With a loWer surface of the sample, gas introduced 
to the upper chamber goes through the upper chamber and 
out through the exhaust. 
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Fig. 2 
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Fig. 4 
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Fig. 5 
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Fig. 6 
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AUTOMATED CLAMP-ON SAMPLE CHAMBER 
FOR FLOW POROMETRY AND A METHOD OF 

USING SAME 

REFERENCE TO RELATED APPLICATIONS 

[0001] This application claims an invention Which Was 
disclosed in Provisional Application No. 60/570,515, ?led 
May 12, 2004, entitled “AUTOMATED CLAMP-ON 
SAMPLE CHAMBER FOR FLOW POROMETRY AND A 
METHOD OF USING SAME ”. The bene?t under 35 USC 
§119(e) of the United States provisional application is 
hereby claimed, and the aforementioned application is 
hereby incorporated herein by reference. 

[0002] In addition, this application is a continuation in part 
of copending US. application Ser. No. 10/826,095, ?led on 
Apr. 16, 2004, entitled “AUTOMATED CLAMP-ON 
SAMPLE CHAMBER FOR FLOW POROMETRY AND A 
METHOD OF USING SAME”. The aforementioned appli 
cation is hereby incorporated by reference. 

BACKGROUND OF THE INVENTION 

[0003] 1. Field of the Invention 

[0004] The invention pertains to the ?eld of How porom 
etry. More particularly, the invention pertains to a sample 
chamber for How porometry. 

[0005] 2. Description of Related Art 

[0006] How Porometry is a technique for measurement of 
pore diameter, pore distribution and gas permeability. In this 
technique, a Wetting liquid is alloWed to spontaneously ?ll 
the pores of the sample. The pressure of a non-reacting gas 
on one side of the sample is gradually increased to empty the 
pores of the sample and alloW gas ?oW through the empty 
pores. The differential pressure required to remove liquid 
from a pore is given by: 

p=4ycos e/D 

[0007] Where p is differential pressure, y is surface 
tension of the Wetting liquid, 0 is the contact angle of 
the Wetting liquid on pore surface and D is pore 
diameter. The differential pressure of the gas on the 
sample and the gas ?oW rates are measured. The 
differential pressure and gas ?oW rates through the 
dry sample With all of its pores open are also 
measured. The differential pressure yields the pore 
diameter. The differential pressure and gas ?oW rates 
through Wet and dry samples yield the largest pore 
diameter, the mean How pore diameter, the distribu 
tion of gas ?oW rate over pore diameter and gas 
permeability. This technique is used in industry for 
characteriZation of through pores, Which are very 
important for various kinds of ?ltration applications 
in many industries, including chemical technology, 
biotechnology, food technology and nonWovens. 

[0008] The PMI Capillary ?oW porometer (41), shoWn in 
FIG. 5, is a How porometer. It regulates gas pressure, 
increases gas pressure on samples in small increments, 
accurately measures pressures and How rates, automatically 
eXecutes all operations, and acquires, stores and displays 
data in many formats. This instrument, With state-of-the-art 
components, many innovative design features and complete 
automation is capable of giving highly accurate, reliable and 
reproducible data. 
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[0009] HoWever, to test a material in a How porometer, 
samples are normally cut from the bulk material, Which 
results in damage to the material. This also restricts the 
number of tests that can be performed on the material. The 
test involves loading the sample in the sample holder, 
sealing the sample to prevent leakage, measuring differential 
pressure and gas ?oW rate through the dry sample, Wetting 
the sample, measuring differential pressure and gas ?oW rate 
through the Wet sample and unloading the sample. Conse 
quently, test time is often considerable and operator skill is 
important. 

[0010] Therefore, there is the need in the art for a sample 
holder that overcomes the shortcomings of the prior art. 
More speci?cally, there is a need in the art for a fully 
automated sample chamber, Which alloWs a sample to be 
loaded Without cutting the bulk test material, and alloWs 
testing to be repeated Without removing the bulk material. 
There is also a need in the art for sample chambers that 
prevent any leak due to radial gas ?oW through the sample, 
permit automated application of adequate pressure on 
o-rings to avoid leak and reduce test time, alloW automatic 
sample Wetting for reducing test duration, and permit mea 
surement of pressure of turbulent free gas close to the 
sample to improve accuracy. 

SUMMARY OF THE INVENTION 

[0011] Asample chamber includes a movable upper cham 
ber. The upper chamber includes a center bore opening to a 
bottom of the chamber, at least one port for introduction of 
gas under pressure to the center bore, a port for a pressure 
transducer, a tube for adding Wetting liquid, and a ?rst 
annular seal around the center bore. A stationary loWer seat 
opposes the upper chamber and has a center bore aligned 
With the upper chamber. The loWer seat includes an exhaust 
and a second annular seal around the center bore. A material 
to be tested is placed betWeen the upper chamber and the 
loWer seat. An actuator moves the upper chamber. When the 
upper chamber is moved doWn With the ?rst annular seal in 
contact With an upper surface of a sample of the material and 
the second annular seal in contact With a loWer surface of the 
sample, gas introduced to the upper chamber is constrained 
to go through the upper chamber and out through the 
exhaust. 

[0012] A method of performing ?oW porometry uses the 
sample chamber, and includes the steps of placing a sheet of 
material betWeen the upper chamber and the loWer seat, 
moving the upper chamber doWn, applying pressure With the 
actuator until the ?rst annular seal and the second annular 
seal create a gas-tight seal around the sample, and perform 
ing at least one How porometry test by introducing gas 
through the port. 

[0013] An apparatus for performing ?oW porometry 
includes a sample chamber. The sample chamber includes a 
movable upper chamber. The upper chamber includes a 
center bore opening to a bottom of the chamber, at least one 
port for introduction of gas under pressure to the center bore 
and a ?rst annular seal around the center bore. A stationary 
loWer seat opposes the upper chamber and has a center bore 
aligned With the upper chamber. The loWer seat includes an 
eXhaust and a second annular seal around the center bore. A 
material to be tested is placed betWeen the upper chamber 
and the loWer seat. An actuator moves the upper chamber. 
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When the upper chamber is moved doWn With the ?rst 
annular seal in contact With an upper surface of a sample of 
the material and the second annular seal in contact With a 
loWer surface of the sample, gas introduced to the upper 
chamber is constrained to go through the upper chamber and 
out through the exhaust. The apparatus also includes a 
plurality of sensors for measuring ?oW and differential 
pressure, and a source of gas. 

[0014] In one embodiment, a ?exible tube is connected to 
a holloW chamber to introduce gas that can ?oW through the 
sample. In another embodiment, the ?exible tube is con 
nected to the top of a holloW tubular piston rod to bring the 
gas from the top rather than from the side. In another 
embodiment, the apparatus includes an insert and a remov 
able spacer in the opening of the loWer seat. The spacer is 
removed to accommodate thick or rigid samples. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0015] FIG. 1 shoWs a sample chamber in an embodiment 
of the present invention. 

[0016] FIG. 2 shoWs a schematic of the sample chamber 
of FIG. 1. 

[0017] FIG. 3 shoWs testing of different locations by 
automatic feeding of material in the sample chamber. 

[0018] FIG. 4 shoWs an apparatus for ?oW porometry 
using the clamp-on sample chamber in an embodiment of 
the present invention. 

[0019] FIG. 5 shoWs a PMI ?oW porometer, used in an 
embodiment of the present invention. 

[0020] FIG. 6 shoWs an alternative embodiment of the 
apparatus of the present invention. 

[0021] FIG. 7 shoWs another alternative embodiment of 
the apparatus of the present invention. 

[0022] FIG. 8 shoWs the embodiment of FIG. 7, With the 
spacer removed to accommodate a thick and/or rigid sample. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0023] One embodiment of the sample holder or sample 
chamber (1) of the present invention is illustrated in FIGS. 
1 and 2. A substantially C-shaped support (6) preferably has 
as a part of its bottom (14) an adapter plate (11), Which is 
preferably ?at, containing an annular seal (10), Which is 
preferably an O-ring seal or a gasket seal, and an opening 
(20) for the air to escape. The adapter plates are replaceable. 
Adapters containing different siZe O-rings alloW the sample 
chamber (1) to test different sample areas. High porosity 
materials may require smaller areas to be tested. Also, 
homogeneity of a material could be evaluated by testing 
different areas. The bottom (14) preferably forms the sta 
tionary loWer seat of the sample chamber The test 
material (9), also knoWn as the bulk material, to be tested is 
placed on the adapter (11). It is not necessary to cut a sample 
out of the test material (9) before the test material (9) is 
placed in the chamber 

[0024] The top part (15) of the support (6) alloWs an 
actuator, Which is shoWn as a piston rod (2) in the ?gures, 
to move up or doWn. Other actuators include, but are not 
limited to, a rack and pinion, or a motor. Other mechanical 
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and electrical means of moving the upper part of the sample 
chamber may alternatively be used. Because pressuriZed air 
is used in ?oW porometry, the air pressure-cylinder system 
shoWn in the ?gures is preferred. At the bottom of the piston 
rod (2) is a holloW chamber (16) and an adapter (17) similar 
to the one on the bottom part of the support The holloW 
chamber (16) has a center bore (23). An annular seal (22), 
Which is preferably an O-ring seal or a gasket seal, is also 
present on the bottom side of the adapter. Another annular 
seal (24), Which is preferably an O-ring seal or a gasket seal, 
is present on the topside of the adapter to prevent any leak 
betWeen the adapter and the piston. Other seals for any of the 
annular seals (10), (22) or (24) include, but are not limited 
to, knife-edges and glue. O-ring seals and gasket seals are 
preferred, because application of pressure on ?exible 
O-rings and gaskets effectively seal many materials Without 
damaging them. 

[0025] The holloW chamber (16) and the annular seals (22) 
and (24) preferably form the upper movable chamber of the 
sample chamber. The bottom (14) of the C-shaped support 
opposes the holloW chamber (16) With a center bore (21) 
aligned With the chamber (16). The exhaust opening (20) is 
preferably at least as Wide as the holloW chamber (16). When 
the upper movable chamber is moved doWn until the annular 
seal (22) is in contact With an upper surface of a sample and 
the second annular seal (10) is in contact With a loWer 
surface of the sample, gas introduced to the upper chamber 
is constrained to go through the upper chamber and out 
through the exhaust (20). 

[0026] A ?exible tube (8) is connected to the holloW 
chamber (16) to introduce gas that can ?oW through the 
sample. In an alternative embodiment, as shoWn in the 
sample chamber (62) of FIG. 6, the ?exible tube (60) is 
connected to the top of a holloW tubular piston rod (61) to 
bring the gas from the top rather than from the side. This 
arrangement has the advantage of reducing turbulence in 
tests requiring high ?oW. 

[0027] Apressure transducer (7) is preferably connected to 
the holloW chamber (16) (FIG. 1) to measure pressure close 
to the sample so that errors due to pressure drops in the 
?exible tube (8) are avoided. The exhaust (20) is alWays at 
atmospheric pressure. In order to minimiZe errors due to 
?uctuations in atmospheric pressure, differential pressure 
transducers With sensors both beloW and above the sample 
are alternatively or additionally used. 

[0028] Pressure of the test gas tends to reduce pressure on 
the O-rings. The porometer is programmed to compensate 
for the test gas pressure by changing the gas pressure on the 
top of the cylinder and to maintain a constant pressure on the 
O-rings. This function is particularly important for loW 
porosity samples. 

[0029] The holloW chamber (16) contains a small tube 
(18) through Which Wetting liquid (13) is added to the 
sample. A valve (12) connected to the tube (18) alloWs 
measured quantities of Wetting liquid (13) to be discharged. 
The piston rod (2) passes through a housing, Which is shoWn 
as a cylinder (19) in the ?gures, and contains a piston (4) that 
moves up or doWn inside the cylinder (19). Openings on the 
top (3) and bottom (5) of the cylinder (19) are used for 
introducing pressuriZed gas. The pressuriZed gas inlet at the 
top (3) is used to move the piston (4) doWn, and the 
pressuriZed gas inlet at the bottom (5), is used to move the 
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piston (4) up. The pressure of the gas introduced through the 
gas inlet (3) is preset to obtain a desired pressure on the 
O-rings and prevent sideWays ?oW. The sample chamber (1) 
is preferably connected to a How porometer, like the PMI 
Capillary FloW Porometer (41) shoWn in FIG. 5, Which 
introduces the pressuriZed gas, as Well as measuring and 
recording differential pressures and How rates through the 
sample, by ?exible tubes and Wires. 

[0030] An automatic feeding mechanism is preferably 
used in conjunction With the sample chamber (1) or (62) 
such that after each test the next test location is brought 
forWard and moved to the top of the bottom adapter plate for 
testing. One such mechanism (30) is shoWn in FIG. 3. 

[0031] Referring to FIG. 7, in another embodiment, the 
sample chamber shoWn in FIG. 6 is modi?ed so that the 
cylindrical upper chamber of the sample chamber (71) has 
annular seals (72). The annular seals (72) are preferably 
circumferential O-ring seals or gasket seals, but any seals 
that effectively seal and prevent leakage may be used. The 
loWer seat has a cylindrical opening (73) so that the upper 
chamber can enter the opening and the annular seals (72) of 
the upper chamber make air-tight seals against the Wall (82) 
of the opening (73). In addition, an insert (74) With annular 
seals on the top (75) and bottom (76) is placed at the bottom 
of the opening (73) of the loWer seat. The annular seals (75) 
and (76) are preferably O-ring seals or gasket seals, but any 
seals that effectively seal and prevent leakage may be used. 
The insert (74) is similar to the adapter (11) in the previous 
embodiments, hoWever, it has an additional annular seal (76) 
to prevent leaks. 

[0032] Aremovable spacer (77) is also included. When the 
spacer (77) is placed on the insert (74) at the bottom of the 
opening (73) in the loWer seat, the top surface (78) of the 
spacer (77) is level With the top surface (79) of the loWer 
seat. 
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[0033] Automatic feeding of ?exible samples using the 
apparatus of FIG. 7 uses the insert (74) and the spacer (77). 
The operation of this embodiment of FIG. 7 is identical to 
the operation of FIG. 1 and FIG. 6 during automatic 
feeding. When the upper movable chamber is moved doWn 
until the annular seal (22) is in contact With an upper surface 
of a sample and the second annular seal (81) is in contact 
With a loWer surface of the sample, gas introduced to the 
upper chamber is constrained to go through the upper 
chamber and out through the exhaust (20). 

[0034] Referring noW to FIG. 8, for testing thick and rigid 
samples (80), Where sideWise How may be appreciable, the 
insert (74) is left inside the opening (73) in the loWer seat, 
but the spacer (77) (see FIG. 7) is removed. The sample (80) 
is placed on the insert (74) and the upper chamber enters the 
opening (73) to clamp the sample (80). When the upper 
movable chamber is moved doWn until the annular seal (22) 
is in contact With an upper surface of a sample and the 
second annular seal (75) is in contact With a loWer surface 
of the sample, gas introduced to the upper chamber is 
constrained to go through the upper chamber and out 
through the exhaust (20). Any sideWise ?oW through the 
sample is prevented by the annular seals (72) on the upper 
chamber and the annular seals (75), (76) on the insert (74). 

[0035] The different embodiments of the apparatus of the 
present invention are particularly useful for speci?c appli 
cations. The ?rst embodiment, shoWn in FIGS. 1 and 2, is 
especially useful for loW ?oW ?exible samples. The second 
embodiment, shoWn in FIG. 6, is useful for loW and high 
?oW ?exible samples. The third embodiment, shoWn in 
FIGS. 7 and 8, is useful for thick, rigid or ?exible samples 
exhibiting loW or high ?oW. Some of the features of the three 
embodiments are summariZed in Table 1. 

Features FIGS. 1-2 FIG. 6 FIGS. 7-8 

Pressure sensing close to sample, YES YES YES 

minimal pressure drop on line 

Automatic addition of Wetting YES YES YES 

liquid 
Automatic clamping of sample YES YES YES 

Pneumatically controlled pressure YES YES YES 

on o-ring on sample for better seal 

to prevent radial leakage of gas 

All operations on sample chamber YES YES YES 

performed automatically by 
porometer 
Automatic feeding of sample for YES YES 

test on multiple locations 

YES, except for thick 

or rigid samples (When 
spacer is removed) 

Entry of pressurized gas just YES NO NO 

above sample 
Entry of pressurized gas through NO YES YES 
Wide diameter holloW piston rod 

to avoid turbulence 

No need for cutting sample YES YES YES, except for thick 

or rigid samples (When 
spacer is removed) 
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-continued 

Features FIGS. 1-2 FIG. 6 FIGS. 7-8 

Cylindrical upper chamber with NO NO YES 
circumferential O-rings enters a 
cylindrical opening in the lower 
seat and makes air tight seals 
against the opening to present 
sidewise ?ow 
Insert in the lower seat with O- NO NO YES 
rings both above and below to 
prevent any leaks 

[0036] An apparatus for performing ?ow porometry using 
the clamp-on sample chamber is shown in FIGS. 4 and 6-8. 
The apparatus includes any of the sample chambers (1), (62) 
and (71) discussed above. A gas supply source supplies gas 
to the porometer (41). A How sensor is preferably included 
in the porometer (41) to regulate the How of gas into the 
sample chamber Wetting liquid (13) is also introduced 
into the sample chamber Apressure sensor (7) senses the 
pressure above the sample. Although not shown, in an 
alternative embodiment, a differential pressure sensor 
replaces the pressure sensor The differential pressure 
sensor senses both the pressure above the sample and the 
pressure below the sample to determine a differential pres 
sure. The sensors and the sample chamber are all preferably 
operatively connected to the porometer (41), which controls 
the apparatus. These connections (40) are shown by dotted 
lines in the ?gures. The porometer (41) fully automates the 
apparatus. 

[0037] A method of the present invention uses the novel 
sample chambers (1), (62), or (71) described above, to 
perform the following steps: 

[0038] (1) Loading the test material without cutting 
out a sample such that the test location is on the 
adapter. For thick and/or rigid samples, the sample 
may need to be cut, and the sample chamber (71) 
(without the spacer (77)) is preferably used. 

[0039] (2) Sealing the material by introducing 
adequately pressurized gas at the top of the cylinder. 

[0040] (3) Measuring differential pressure and How 
rate through the dry sample. 

[0041] (4) Wetting the sample. 

[0042] (5) Measuring the differential pressure and 
How rate through the wet sample. 

[0043] (6) Unloading the sample. 

[0044] (7) Repeating the procedure for the next test. 

[0045] The method includes the steps of placing a sheet of 
material between the upper chamber and the lower seat, 
moving the upper chamber down, and applying pressure 
with the actuator until the ?rst annular seal and the second 
annular seal create a gas-tight seal around the sample, and 
performing at least one How porometry test by introducing 
gas through the port. 

[0046] As an example, the method is described here with 
respect to the sample chamber shown in FIGS. 1 and 2. The 
material (9) to be tested is ?rst placed on the top of the 

adapter (11) on the bottom (14) of the support The 
porometer (41) introduces pressurized gas (3) to the top of 
the cylinder (19). The piston (4) and the piston rod (2) are 
forced to come down. The adapter (17) at the bottom of the 
piston (4) presses on the O-ring (10) below the sample and 
seals the sample for sideways gas ?ow. The pressure on the 
O-ring (10) for obtaining a good seal is controlled by 
adjusting the pressure of the gas (3) introduced to the top of 
the cylinder (19). The porometer (41) then allows gas to be 
introduced (8) to the hollow chamber (16) in the piston rod 
(2). The gas ?ows through the sample and escapes through 
the opening at the bottom part (14) of the support The 
porometer (41) measures and records differential pressures 
and How rates through the dry sample. 

[0047] Once this part of the test is done, the porometer 
(41) reduces gas pressure in the sample chamber to zero 
differential pressure and adds a predetermined amount of 
wetting liquid (13) to the sample. The porometer (41) then 
increases gas pressure and measures differential pressures 
and How rates through the wet sample. Once the test is done, 
the porometer (41) releases pressure on the sample and then 
introduces pressurized gas at the bottom (5) of the cylinder 
(19) to raise the piston (4) and the piston rod The piston 
rod (2) lifts the adapter (17) off of the test material The 
material (9) is moved for the test to be performed at another 
location of the test material 

[0048] An automatic feeding mechanism (30), shown in 
FIG. 3, is preferably used in conjunction with the sample 
chamber (1), (62), or (71) such that after each test the next 
test location is brought forward and moved to the top of the 
bottom adapter plate for testing. Once a test is complete, the 
porometer (41) automatically activates the feeding mecha 
nism (30) to move (31) the next test location to proper 
positions and continues with the test procedure at the new 
location. In this example, the feeding mechanism moves 
(31) a roll of test material After the actuator lifts the 
adapter off the test material, an electrical switch is turned on 
to activate the motor that drives the roll of bulk material. The 
motor is programmed to unroll the product and advance it by 
an amount necessary to move the next test location to test 
position. Thus, a large number of tests can be automatically 
performed. 

[0049] The chamber of the present invention is fully 
automated. The feeding mechanism used in conjunction 
with the chamber can completely eliminate the need for 
human intervention. Results are objective, accurate and 
reliable. The time taken for a test is small. Operator involve 
ment and the required operator skills are minimal. Large 
volume of testing could be automatically, quickly and ef? 
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ciently performed in a cost effective manner Without dam 
aging or Wasting any material. 

[0050] Accordingly, it is to be understood that the embodi 
ments of the invention herein described are merely illustra 
tive of the application of the principles of the invention. 
Reference herein to details of the illustrated embodiments is 
not intended to limit the scope of the claims, Which them 
selves recite those features regarded as essential to the 
invention. 

What is claimed is: 
1. A sample chamber for How porometry, comprising: 

a movable upper chamber comprising a center bore open 
ing to a bottom of the chamber, at least one port for 
introduction of gas under pressure to the center bore 
and a ?rst annular seal around the center bore; 

a stationary loWer seat opposing the upper chamber With 
a center bore aligned With the upper chamber, com 
prising an eXhaust and a second annular seal around the 
center bore, Wherein a material to be tested is placed 
betWeen the upper chamber and the loWer seat; and 

an actuator for moving the upper chamber, Wherein When 
the upper chamber is moved doWn With the ?rst annular 
seal in contact With an upper surface of a sample of the 
material and the second annular seal in contact With a 
loWer surface of the sample, gas introduced to the upper 
chamber is constrained to go through the upper cham 
ber and out through the exhaust. 

2. The sample chamber of claim 1, Wherein the actuator 
is selected from the group consisting of a piston; a rack and 
pinion; and a motor. 

3. The sample chamber of claim 1, further comprising a 
pressure transducer, connected to the upper chamber, Which 
measures pressure close to the sample. 

4. The sample chamber of claim 1, Wherein the at least one 
port comprises a Wetting port for introducing Wetting liquid 
to the sample chamber. 

5. The sample chamber of claim 4, further comprising a 
valve connected to the Wetting port, Which regulates a 
quantity of Wetting liquid being discharged into the sample. 

6. The sample chamber of claim 1, Wherein the at least one 
port comprises a pressure port for introducing gas under 
pressure. 

7. The sample chamber of claim 6, Wherein gas is intro 
duced into the sample chamber from a top of the sample 
chamber. 

8. The sample chamber of claim 6, Wherein gas is intro 
duced in the sample chamber from a side of the sample 
chamber. 

9. The sample chamber of claim 1, further comprising a 
feeding mechanism, Which moves the material in the sample 
chamber after ?oW porometry has been performed at a 
location on the sample. 

10. The sample chamber of claim 1, Wherein the ?rst 
annular seal comprises an O-ring. 

11. The sample of claim 1, Wherein the second annular 
seal comprises an O-ring. 

12. The sample chamber of claim 1, Wherein the upper 
chamber further comprises an adapter plate located at a 
bottom of the upper chamber. 
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13. The sample chamber of claim 1, Wherein the loWer 
seat further comprises an adapter plate upon Which the 
material to be tested is placed. 

14. The sample chamber of claim 1, further comprising a 
removable spacer that ?ts into a cylindrical opening of the 
stationary loWer seat such that a top surface of the removable 
spacer is level With a top surface of the stationary loWer seat 
When the removable spacer is located in the cylindrical 
opening. 

15. The sample chamber of claim 14, Wherein the mov 
able upper chamber further comprises a third annular seal 
located circumferentially around the movable upper cham 
ber, such that, When the removable spacer is removed from 
the sample chamber, the third annular seal makes a seal With 
a Wall of the cylindrical opening When the movable upper 
chamber enters the cylindrical opening. 

16. A method of performing ?oW porometry, using a 
sample chamber comprising a movable upper chamber com 
prising a center bore opening to a bottom of the chamber, at 
least one port for introduction of gas under pressure to the 
center bore and a ?rst annular seal around the center bore, 
a stationary loWer seat opposing the upper chamber With a 
center bore aligned With the upper chamber, comprising an 
eXhaust and a second annular seal around the center bore, 
Wherein a material to be tested is placed betWeen the upper 
chamber and the loWer seat, and an actuator for moving the 
upper chamber, Wherein When the upper chamber is moved 
doWn With the ?rst annular seal in contact With an upper 
surface of a sample of the material and the second annular 
seal in contact With a loWer surface of the sample, gas 
introduced to the upper chamber is constrained to go through 
the upper chamber and out through the eXhaust, comprising 
the steps of: 

a) placing a sheet of material betWeen the upper chamber 
and the loWer seat; 

b) moving the upper chamber doWn, and applying pres 
sure With the actuator until the ?rst annular seal and the 
second annular seal create a gas-tight seal around the 
sample; and 

c) performing at least one How porometry test by intro 
ducing gas through the port. 

17. The method of claim 16, further comprising the steps 
of: 

d) measuring a ?rst differential pressure and a ?rst ?oW 
rate through the sample; 

e) reducing the ?rst differential pressure to Zero; 

f) Wetting the sample; 

g) measuring a second differential pressure and a second 
?oW rate through the sample; and 

h) unloading the sample. 
18. The method of claim 17, Wherein step d) comprises 

the substeps of: 

i) introducing gas into the upper chamber; 

ii) alloWing the gas to How through the sample and out the 
eXhaust; and 

iii) measuring the ?rst differential pressure and the ?rst 
?oW rate. 

19. The method of claim 17, Wherein step g) comprises 
the substeps of: 
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i) introducing gas into the hollow chamber; and 

ii) allowing the gas to flow through the sample and out the 
exhaust; 

iii) measuring the second differential pressure and the 
second flow rate. 

20. The method of claim 17, further comprising the step 
of repeating steps (a) through 

21. The method of claim 16, further comprising the step 
of d) moving the material to perform a test on another part 
of the material. 

22. The method of claim 21, Wherein step d) is performed 
using a feeding mechanism. 

23. An apparatus for performing ?oW porometry using a 
clamp-on sample chamber, comprising: 

a) a sample chamber, comprising: 

a movable upper chamber comprising a center bore 
opening to a bottom of the chamber, at least one port 
for introduction of gas under pressure to the center 
bore and a ?rst annular seal around the center bore; 

a stationary loWer seat opposing the upper chamber 
With a center bore aligned With the upper chamber, 
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comprising an eXhaust and a second annular seal 
around the center bore, Wherein a material to be 
tested is placed betWeen the upper chamber and the 
loWer seat; and 

an actuator for moving the upper chamber, Wherein 
When the upper chamber is moved doWn With the 
?rst annular seal in contact With an upper surface of 
a sample of the material and the second annular seal 
in contact With a loWer surface of the sample, gas 
introduced to the upper chamber is constrained to go 
through the upper chamber and out through the 
exhaust; 

b) a plurality of sensors for measuring How and differen 
tial pressure; and 

c) a source of gas. 

24. The apparatus of claim 23, further comprising a How 
porometer coupled to the sample chamber, Wherein the 
porometer includes at least one of the sensors and a plurality 
of controllers, for automating the apparatus. 


