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Project goal M

Develop a humidity chamber which has:

« faster and better controlled temperature and
humidity response

 the ability to access large a T and RH range

 adaptability to different neutron instrument
geometry

« option for multi-sample holder
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Year 1:

Review the existing systems determine the specifications
of the next-generation chambers (proposal suggested
goal of 10 mK stability in T and 0.1% stability in RH)

Year 2:

Produce drawings
Year 3:

Build and commission chamber
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Biological studies with Humldlty

Variable Humidity

— Stalk formation and membrane/
fusion

— Dehydration protection (sugars)
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Biological studies with Humidity § |
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Lower Relative Humidtiy Near Saturation
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Humidity control techniquesj |

continuous

precise and reliable humidity range
(tables available) possible
automated

humidity change
(with mass flow
controllers)

no calibration
necessary

discrete humidity steps
slow equilibration times

fast equilibration time

upper limit of humidity ~95%

temperature gradients in cell or tubing could
cause condensation

- high (>95% r_h.)
100% relative humidity B possible

achievable quick deuterium

quick deuterium contrast in-situ
contrast change in-situ temperature gradients
sample loss to bulk : (from Peltier or external)
solution (charged lipids) lead to condensation
limited to reflectometry g difficult to calibrate
heaters for desired r.h.
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| |

partial vapour pressure

h.=
' saturation vapour pressure
logyo P = 5.402 10387

9610 £ = - T(K) — 31.7

Bridgeman and Aldrich, 1964
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Simulation verification ﬂ! I

N

. * Extreme

temperature
control, 0.002°C
across our sample

limited only by
heater accuracy

Illlllmm
)
\

. * ~0.01% gradient In
8. | r.h.
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Drawings comlete Arll 2014 l\
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Prototype construction

3 B * ILL and HZB
making parts,

2. Innercan >_ l LL
a.

completed by
end of May?

| S

ii. T1/T2ring
b.  Bottom ring

& T2

ii. T2ring

c.  Small tube J
d. Bath

SEEERE

Plastic — Delmat Epoxy 68 660
3 Inner components
a. insulating ring
L] L]
b. gonioleg H Z B F t ﬁ I
Coppe I rS O I n e
] ]
4. Inner components
L i3 I l ) I I
ii. Platet3
b.  Gonio copper base

beam test,
summer
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Steel
5. Stand \J/

a. Baseplate

Accessories: Pipes, stilts, guiding posts, connectors (Wilson seals, KF Flanges)



i 1
e oo e e s el
sensors (T or r.h.), Peltier heater diffraction instruments

Double walled evacuated
aluminum construction

\.

Wide angular scanning
range (~300°)

Inner cell size 122mm x @50mm

big enough for common samples,
small enough for fast equilibration

three independent chillers -
extreme temperature control Thermal decoupling of

- sample from lower cell
- inner cell from outer cell

- outer cell from instrument

Futher design steps to test:
fan in inner cell, inverted sample
holder, additional chiller, baffels
between water bath and sample,
solution change

Simple modifications would allow a
variety of scattering geometries -
sapphire windows for SANS,
horizontal sample for reflectometry

HZB Helmholtz

Upper and lower wire access
ports for sensors (T or r.h.),
resistive heaters

Total size 400mm x @110mm
(270mm from base to sample
middle)

Double walled evacuated
aluminum construction

Inner cell has small volume
for quick equilibration
/ Simple sample change -

Wide angular scanning
range (~300°)

Three water channels connect
to warm and cold water bath
chillers, allowing for

temperature regulation at the
sample and water reservoir

remove entire upper cell
using guide posts

Hot upper and cold lower
parts of the inner chamber
thermally isolated

Resistive heating foils allow
for extremely accurate and
stable temperature regulation

Insulating posts maintain
thermal isolation from outer
environment

Simple modifications of
modular chamber would allow
a variety of scattering
geometries - sapphire
windows for SANS, horizontal
sample stage for reflectometry
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Suggestions for design modifications

1. Forced T gradient in upper cell not necessary (T,=T, is
ok)

2. Stretched upper cell (maximize distance between T,,T,)
3. Heater on top of post, under goniometer (T,=T,=T,)

4.”"Thermalizer’” plate and mesh of high conductivity
(placed above T,)

5. Redesign of bottom cell: completely decouple T, from
T, (stainless steel?)

All proceeding simulations with plastic goniometer and quartz
sample unless otherwise stated
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2. Stretched upper cell (max. distance between T1,T u

40% rh parametric study of T2 chiller height, plastic goniometer base fixed at 0.048 m

298 [ f————— # ] B B — 11
- Maximum Temperature (K)

297.99 Location of : —&— Minimum Tem;erature (K) | 1 :
297.98 | goniometer\ : ] :
I base | Ir
297.97 \I . I
| Suggestion 2: that T1 and Location of !
. sores| I . sample base 1 1
Z . T2 chillers are placed far (0.103 m) \
o 297.941 1 T
g I apart I
g 297.93 I 11
c ! |
O 20792 1 1 . 11
0 - As T, is moved up the wall |

D 29791t 1 . 1
s | of the inner cell, the Ik
a |
E ! temperature of the sample ¥
. . I
! sees a larger gradient, T, in K
ey . 1
. lowest position is best for I
.- I
: Teample Stability !
297.85 | I 11
! I
297.84 - , ‘ , , , I| , , , , , , , , , , 11

.02 0.025 0.03 0,035 0.04 0.045 R;.?;renchS;SItIO%OGBOttO%JG(S:hI”e(:-E);’n] 0.075 0.08' _(1085 0.09 0.095 0.1

(Waterbath at 0.00 m) (Bottom chiller=T2)
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2. Stretched upper cell (max. distance between T1,T ul

40% rh parametric study of T2 chiller height, plastic goniometer base fixed at 0.048 m
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D 29791t 1 . 1
s | | of the inner cell, the Ik
a - ' |
E ﬂ ! temperature of the sample ¥
. . I
o ! sees a larger gradient, T, in K
- . I
| . lowest position is best for I
.- I
: Teample Stability !
297.85 | I 11
%J I I
297.84 - , ‘ , , , I| , , , , , , , , , , 11

0.02 0.025 0.03 0,035 0.04 0.045 R;.?;renchSESItIo%OSBOttO(;T:G(S:hI”e(:-EJ;’n] 0.075 0.08' _(1085 0.09 0.095 0.1
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3. Heater on top of post (T1=T2=T4)

40% (r.h.) study of temperature gradients with and without heater on top of post

A 298

298

Suggestion 3: a
heater is added
between post and
gonio

297.98

297.96

Heater shielding
the cold bottom
chamber
temperature from
the goniometer

297.94

i T2 chiller
height

297.92

297.9
¥ 283.49

-0.01 0 0.01 0.02 0.03 0.0¢ -0.01 0 0.01 0.02 0.03 0.C

No heater Heater at 298 K

HZB..... _ _
Zentruemrrl]Be?Iiri 4: JRA Meetlng




ermaltizer

287,94

297.92

287.9
W 283.49

1 0 0.01 0.02

No Thermalizer

i T2 chiller
height

0.03 0.0 0l 0 0.01 0.02 0.03 0.0

Solid cylinder and
mesh ring

Suggestion 4: Add
high conductivity
material as
thermalizer

Inhibit cold influence
by spreading heat
from heater using
cylindrical plate and
wide mesh ring
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ermaltizer

(placed above T2)

40% (r.h.) study of temperature gradients and air velocity with and without mesh ring

A 208

Temp

I SRR T R

Mesh ring
inhibits cold
No mesh With mesh | gradient

moving up the

L - L side of the cell
' . ~ Velocity ' '
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5. Redesign of bottom cell: completely decouple T, frc “|

T, (stainless steel?
40% rh parametric study of T2 chiller height, goniometer base fixed at 0.048 m

=¥ Maximum Temperature (K)

284 | Location of —&- Minimum Temperature (k) | |
goniometer
base h Suggestion 5:
Thermally decouple
T2 and T3 possibly

with stainless steel
Water bath
temperature
influenced by T,, stop
this effect by
decoupling the
bottom and top
sections of the inner

o o o o b—» & o o & o & -] cell

0.02 0.025 0.03 0.035 0.04 0.045 0.05 0.055 0.06 0.065 0.07 0.075 0.08 0.085
Reference Position Bottom Chiller[m]

28375

283.7

2B3.65

Temperature On Water Bath[K]

2836

28355

2835

(Bottom chiller=T2)

HZB..... _ _
Zentruemrrée?'liri 14: JRA Meetlng




Suggestions for design modifications

1. Forced T gradient in upper cell not necessary (T,=T, is
ok)

2. Stretched upper cell (maximize distance between T,,T,)
3. Heater on top of post, under goniometer (T,=T,=T,)

4.”"Thermalizer’” plate and mesh of high conductivity
(placed above T,)

5. Redesign of bottom cell: completely decouple T, from
T, (stainless steel?)
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Old and new (and tube problem ﬂl
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Old and new
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Tolerance of T, uncertainty (above 90%r.h nl

Waterbath temperature for desired Relative Humidity
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Waterbath temperature for desired Relatlve Humldlty
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