Not Being Cold
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This is a course in NOT being cold



Three Great Truths:

Diving Is Fun

Being Cold Is NOT Fun
Wet & cold divers subsidize those diving warm & dry

EFFICIENCY AND RELIABILITY

Wet Suit Dry Suit
Temp Dive Number Dive Number
st 2nd 3rd st 2nd 3rd
o o 70°F 100% 100% 100% 100% 100% 100%
Wet-suited divers: 60°F  100% 90% 80%  100% 100% 100%
50°F 80% 50%

Dry-suited divers: -
Enjoying third dive |
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Must Understand Heat Loss to Protect From the Cold




Ignoring (or Not Understanding) Heat Loss







Heat is a Fluid

Flows from hotter to colder
until
temperatures are equal



Thermal Balance

In cold
environment
the body will

loose heat
rapidly
COIldllCthIl HEAT LOSS
Convection
Radiation
Respiration
Perspiration
Excretion

In hot
conditions the
body will gain

heat rapidly

HEAT GAIN

Conduction
Radiation



In-Water Heat Loss




Thermal Loss: Conduction

T,

Water removes heat
~ 25 x faster
than dry, still air

Haol — large maolecular

=nergy and vibralior energy and vibrali no at same temperature

iborn (or maleculfa)

Direct transfer of energy at the molecular level
Major source of in-water heat loss



Thermal Loss: Convection

Cold

Hot

. insulating wetsuit

@ trapped water

warm surfer

. cold seawater
= radiating body heat




Thermal Loss: Radiation

Emission of infra red radiation

Minor problem in the water
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Thermal Loss: Evaporation / Respiration
g

REMEMBER, sweat that drips off your body can’t
keep you cool. Sweat has to evaporate from your

skin to cool you off.

Evaporation

y el F- rF=]
s Skin

Eieanalane 9.72 kcal / mole



Humans are Tropical Critters

How the body responds to cold

central
lu|LIn|-r'
Gooseflesh

Halrs

Increased
uring production

Vasodilation

Artenoles dilate {enlarge) so

more blood enters skin
capillaries and heat is lost

Sweating

es heat
.ﬂ.'h#ln w.::tF-r rhanlt,E-s state

Filorelaxation
This means tha hairs flatten

Stretching Out
By opening up, the body wa

a larger surface area

Vasoconstriction
Artenoles get smaller to
reduce blood going to skin
keeping core warm

Shivering

Rapid contraction and
relaxing of skeletal muscles
Heat produced by respiration

Piloerection
Hairs on skin stand Uup

r'urfn"tci Up
Making yoursealf smaller so
smaller surface area




Simplistic View of a Biochemist:

Heat = Life
Cold Robs Heat
No Heat = No Life




Body Response to Temperature Loss

METABOLISM (SHIVERING)

7
36
s
34 — "SWITCH-OFF" PHENOMENON
SHIVERING REPLACED
3 = CARDIAC ARRHYTHMIAS{ BY PERSISTENT
! ..................... MUSCLE RIGIDITY
32
, SEMI-CONSCIOUS
n
g PUPILS DILATE,
30 e - UNCONSCIOUSNESS {mm
& e ABSENT
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First Shiver: Abort the dive!



Estimated Unprotected In-Water Survival Time

/

High Probability /

af [Death | |
//Danger Zone

Low Probability
| |

30 40 50 60 70
Water Temperature (°F) s

)
—
|
=
=7
=
L
o
&
£
E
e
o
-
=
=]
[y
—
= |
D




Wind Chill Can Lead to Substantial Heat Loss

@ Wind Chill Chart

Temperature (°F)
Calm 40 5 0O -5 -10

—
]
o
E
o
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W b = U1 O N 00 W

Frostbite Times ,E] 30 minutes |:| 10 minutes D 5 minutes

Wind Chill (°F) = 35.74 + 0.6215T - 35.75(V°1%) + 0.4275T(V°5)
Where, T= Air Temperature (°F) V=Wind Speed (mph) Effective 11/01/01




Commercial Divers Often Use Hot Water Suits
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Historic Thermal Protection Schemes

A

FROG SUITS

A BEL-AQUA FROG SUIT FOR EVERY

HEIGHT

AND WEIGHT

Will keep you warm and dry even in

‘the coldest water o Special durable

rubber

dom of movement, no bi g or pull-

ing e Front entry allows you to put an

and take off the suit by yourself e
Seams will not part, workmanship

To lengthen, the season . . .

. To keep warmer longer

The EDCO

SUB-MARINER

A WET TYPE SUIT OF SOFT
NEOPRENE FOAM RUBBER

WARMTH
COMFORT

DURABILITY

The Sportsman Sherty
The Sportsman Full Suit
ABLE AT YOUF

BEL-AQUA SNORKEL

i el . _ | & _ E|{NGINEERING

! J iy = | . _ D| EVELOPMENT
e A s ! . « : i - C | DRPORATION

\

LOOK FOR THE WATER GREEN COLOR GET THE BEST FOR YOUR MONEY
BEL-AQUA WATER SPORTS CO

3720 WEST 54th STREET ANGELES 43, CALIFORN

B <LLLLLLLLLLLLLLLLLLLCLLLLLLLLLLLLLLCLLLLLLLLLLLLCLLLL
RUB-COTE

Make your own rubber-
ized diving suit
an hour.
scientific

liquid. latex now'enabies§
anyone to coat sweatd
shirts, long johns, or§
similar articles - of cloth-

22222222022220 ]
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\ World's
Large:
/ Dry Suit

it dry and ‘“‘presto’’l 2
you'll have a rubber?
coated suit that is com-

4 pletely elastic and form
Send $3 00 M.O. for 1 quart to:’
" RUB-COTE
3037 ‘SPAULDING STREET

. LONG BEACH, CALIFORNIA
FIIIIIIIINIFIIINIIIIIIIIIIIIIIFIIIPINININIIINIIINY

Wiy fool eround with poichwark, cement

Seu your dechr

sreichy somple ond

o i IN SAFETY
YELLOW

B {LCLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLKL

@ 3353050003333990)

Sa-lo MARX RUBBER CO., Dapl. 50-11, Loveland, Ohio. Dealersl Write







ree Layers of Thermal Protection

s
'f..-.-.l-r A

Layers varied depending on



First Layer: Next to SKin




First Layer: Next to SKin

Polypropylene
Capilene

Dry Base
Xerotherm

Dry Max (Socks)
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Hydrophobic Materials Soon Acquire a Foul Body Smell
(Body oils stick to hydrophobic material and turn rancid)

Wash with breathable fabric detergent,
(tiny amount of detergent) in cold water
then smell the garment

This end dissolves in water

This end sticks to grease/hydrophobic material



Second Layer: Insulation

Primary resistance to heat loss
Fabric is matrix to hold trapped gas (the insulator)

Heat loss depends on:
Temperature difference across barrier
Thickness & area of insulation
Thermal resistance / conductivity of insulator
Time



Second Layer: Insulation

All natural fibers absorb water




Cellulose (Cotton)

Ability to hold water makes cotton a “great’ summer fabric

&

Ability to hold water makes cotton an undesirable in-water fabric




Second Layer: Insulation

In general:

Planar > cylindrical > spherical




Second Layer* “Wooly Bears”

: Wool or synthetic “pile”

§ Very comfortable next to skin

| Warm, as long as dry

SSWE®  Loses insulation rapidly when wet

. il  1oses insulation when compressed
mm Decent insulation at reasonable price
Least expensive protection

Pile may clog valves
Value based on # fibers / area; not weight

LPT



Second Layer: Open Cell Foam

g Synthetic foam open cell structure

Foam structure a bit non-flexible




Second Layer: Type b Marine Thinsulate

‘ .

I Synthetic microfilament polypropylene

-" ?"' 'fq'w I:‘b. "

Expensive
Best insulation for wet environments




Second Layer: Type b Marine Thinsulate

- sl CONVECTION

o %
b D

Thinsulateé Polyester

Smaller cell size traps more air (insulator)
Requires more convective / conduction steps to transverse garment



Second Layer: Polartec

Polatec: series of > 300 synthetic hydrophobic fabrics
Polyester: polyethylene terephthalate (PET)
Napped (fuzzy) insulator




Second Layer: Radiant Barrier

Metallic heat reflective coat underneath cloth layer

Experimental in the 1980°s

Sold under brand name Underwave
Did not stay long on the market
Occasionally surfaces on e-bay




Second Layer: Blue Heat

Active electrical heating system
Boots, gloves, and full torso sold separately

Concern that heating may increase DCI risk
Use on lowest power
Best used on final ascent

| N O3




Second Layer: Insulating Gas

Primary insulation:
Thermal resistance of gas in the suit

The lower the value,

Air, atmosphere (gas) 0.024 The better the insulation

Argon (gas) 0.016
Carbon dioxide (gas) 0.0146
Helium (gas) 0.142
Nitrogen (gas) 0.024
Water (liquid) 0.58

LPT



Second Layer: Insulating Gas
Carbon Dioxide (CO,)

Carbonic acid creates itching and rashes

Argon (Ar)

(Effective with 6 fill/empty cycles to provide all Argon insulation)

(Can’t use breathing gas ‘cause of heat loss with helium)

r..OE\f,;,
p¥ ARGON

| e "t'n,-"
: .

st B e Ll
o° DO NOT BREATH




Second Layer: Argon Inflation System

NOW INCLUDES BEUCHELE PAD

P

MTENGINEERED GUALITY

FPREVEMNT TANK ECRATCHING

(arinciunEs:. W . £ Pt Moo B Valve on Bottom

Aluminum B cu ft cylinder I & B = 3 | °

_. B (oo Easier to control
Highland pony mount i | ol ;

Highland compact first stage

Mini tech pressure gauge

Highland DIN cap

Standard over pressure valve

227 Miflex quick-disconnect hose

Argan sticker

One to fill/flush 6 times
One for dive

[ Argon First Stage HLADS |
DIM 300 bar injet

Prirmary Cylinder &
Tank Cam Strap
Net Include




Second Layer: Aerogel ?

Low density, open-cell nanopore structure

Expensive: US Navy experimental dive suit: $ 5,200,000
Underwear: $ 1,200,000

Standing on dry icel!!




Insulation Value Comparisons

THICKNESS COMPARISON THERMAL RESISTANCE
& THERMAL RESISTANCE COMPARISON, DRY & WET

THERMAL L
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COMPARISON OF THICKNESS AND ESISTANCE PEFORE AND AFTER
THERMAL RESISTANCE OF DIVER SUIT FLOODING
GARMENTS




Insulation Dry Value Comparisons




Diver Ratings Of Underwear

Thinsulate Pile Thinsulate
Foam Thinsulate Pile
Pile Foam Foam

Overall: Thinsulate Preferred




From 1982: Personal Test of Diving Underwear

THERMAL EVALUATIONS: TESTS

3/16" DUI "CAT" SUIT
1/4" COLD WATER HOOD
3-FINGERED MITTENS

FIRST LAYER: POLYPROPYLENE

50 F FRESH WATER
LITTLE MOVEMENT

UNDERWEAR TIME TO FIRST SHIVER
BUNTING/ RADIANT BARRIER 28 MINUTES
ACRYLIC PILE 68 MINUTES
OPEN-CELLED FOAM 88 MINUTES

THINSULATE (C2) 128 MINUTES



From 1982: Personal Test of Diving Underwear

THERMAL EVALUATIONS : CONTROL

| 1/8" HOODED "CHICKEN VEST"
'1/4" FARMER JOHN WET SUIT
~'# 1/4" COLD WATER HOOD

£ 1/4" 3-FINGERED MITTENS

o0 F FRESH WATER
LITTLE MOVEMENT

TIME TO FIRST SHIVER = 55 MINUTES



Underwear Selection Bottom Line:

No single underwear package will
Work in all combinations of water temperature and workload

Divers need multiple packages

Multiple divers on the same site may have different packages




THERMAL STRESS IS

LPT
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SURFACE

DEPTH OF WATER (feet)

WET SUIT PERFORMANCE
PREDICTION CHART

33FT. |-

66 FT. p~

9 FT. |~

WORK RATE

| !
3 - - -
mﬂ mﬂ

WATER TEMPERATURE F

70° 80° 90




SHELL DRY SUIT
INSULATION SYSTEM

DRY SHELL SYSTEM PERFORMANCE
PREDICTION CHART

WORK RATE

40° 50° 60°
- WATER TEMPERATURE F

—_—




PLUS RATING TABLE
Your Body Weight

[o0 [ 05 [ 120 | 105 ] 150] ves] teo] 195  z0] 25| 245
3 I3 0 3 0 3 0 7 T S T

Degrees

Find Your Plus Rating As Listed
Below Your Body Weight



IF YOU USE
A DUI CF 200 Dry Suit
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EFFICIENCY AND RELIABILITY
WET SUIT DRY SUIT
PARVIEL Weight Added TEMP DIVE NUMBER DIVE NUMBER

Heavy Moderate Light Insulation Level Salt Fresh
Water Temp °F st .2nd 3rd 1st 2nd 3rd
74 78 82 A Expeditionary weight 70°F 100% 100% 100% 100%  100% 100%
7 polypre le 60°F 100°% 90% B0% 100% )% 100
72 7 Single lay t 50°F 80% 70% 50% 100%
or lightweight pile” 40°F 50% 25% g 100%
50°=65° DUI Thinsulate 32°F - s % 100%

divewear"

DRY SUIT + 10 DIVER

Doubile weight bunting® Not recommended unless involved in a life saving rescue
DU pile plush, he
weight high qualit
or V. foam
35:=50° DUI Thinsulate
divewear”
ste: Includes approp! |y matched boots and gloves. MISERY INDEX

g includes medium weight polypropylene u Wear

Table based on 30 minute dives at depth of 50 feet.

TEMPERATURE
WET SUIT +10 DIVER DIFFERENCE FOR DIVES LONGER THAN 20 MINUTES
FROM THERMAL BUT LESS THAN 60 MINUTES
WATER ACTIVITY COMFORT °F RESULT
Depth Heawvy Moderate N
Feet Water Temp *F 3 Diver will rewarm between dives
"'[]'" : 48 T e 62 72 10 U'..xlg-r body shell wil e'.('d'l.llr'.:]]\ill' thermal
33 &0 70 debt, but can be tolerated
66 72 78 88 15 Degrade diver in water perf
99 78 84 accumulate body shell th
Tt".‘.;pr'rnlun‘ in order to be at thermal equilibrium 20 Significant performance degradation, poor
efficiency.
Tt + 25 Reduce diver to shivering and misery
AUXILIARY INSULATION : : T L R
: 30 Should not be attempted.
Weight Added 1

Deqgrees F Insulation Salt Fresh + D Can be tolerated, take off glove or
5 Sa
& PR 0 ventilate water thraugh hood

+5%ta +10 Back-packing bunting or + 10 Must be careful, watch for signs of heat
pile suit top and b 1 prostration. If occurring, terminate dive,

+10 Heawy polyesteror poly +15 ."\.I.It‘s‘.dr1'lin| heat build-up, can lead to
nylon sweat pants and { disastrous results
shirt
Heavy jogging suit
Mountaineering
expedition weight or
wool polypropvlene top
and bottom
Heavy wool/acrylic Diving Unlimited International » 1-800 327-8439
sweater 1148 Delvan Drive, San Diego, CA 92102-2499
DUI plus 5 vest A DUI dry suit is thermal insurance where the dividend
is always more than the premium.




WET SUIT + 10 DIVER

LPT



MISERY INDEX

Dives Longer Than 20 Mins. But
Less Than 60 Mins.

TEMPERATURE
DIFFERENCE

-20° Significant Performance Degradation,
Poor Efficiency

-25° Reduce Diver To Shivering And Misery
-30° Should Not Be Attempted

TEMPERATURE
DIFFERENCE

-5° Diver Will Rewarm Between Dives

-10° Outer Body Shell Will Accumulate Thermal
Debt, But Can Be Tolerated

-15° Degrade Diver In Water Performance And
Accumulate Body Shell Thermal Debt

TEMPERATURE
DIFFERENCE

+5° Can Be Tolerated, Take Off Glove Or
Ventilate Water Through Hood

+ 10° Must Be Careful, Watch For Signs Of Heat
Prostration. If Occurring, Terminate Dive

+ 15° Substantial Heat Build-Up, Can Lead To
Disastrous Results



DRY SUIT +10 DIVER

ACTIVITY Weight Added
Heawy Moderate Light Insulation Level Salt Fresh
Water Temp °F

74 78 82 A Expeditionary weight ____
polypropylene underwear

64 72 76 B Single layer bunting J—
or lightweight pile*

54 63 70 C 50°-65°DUI Thinsulate __
divewear*

47 58 66 D Double weight bunting® — _
DUI pile plush, heavy-
weight high quality pile”
or V. foam

34 48 60 E 35°-50°DUI Thinsulate __
divewear*

Note: Includes appropriately matched boots and gloves.
* Also includes medium weight polypropylene underwear.

DRY SUIT + 10 DIVER

Activity Insulation Weight ——
Heavy Moderate Light — Added DRY SUIT +10 DIVER
Water Temp °F Salt Fresh ACTIVITY Weight Added
Heavy Moderate Light InsulationLevel  Salt Fresh
34 a8 60 E 35%-50°DUI — — Water Temp °F
Thinsulate 74 78 T S—
Divewear* polypropylene underwear
64 72 76 B Singlelayerbunting .
or lightweight pile”
Note: Includes Appropriately Matched Boots 54 63 70 C 50°65°DUI Thinsulate .
And Gloves. *Also Includes Medium Weight divewear*
Polypropylene Underwear 47 58 66 D Double weight bunting® — _
: DUI pile plush, heavy-
weight high quality pile*
or V. foam
4 48 60 E 35°-50°DUI Thinsulate .
divewear’

Note: Includes appropriately matched boots and gloves.
* Also includes medium weight polypropylene underwear.



DRY SUIT + 10 DIVER AUXILIARY INSULATION

Weight Added

Activity - o m Degrees F Insulation Salt Fresh
Water Temp °F Salt __ Fresh +5°To +10° Or
Pl Sult Top, And Bottom

+10° Hoavy Polyester Or Poly —  —
e

+5°To +7° Heavy Jogging Suit

EFFICIENCY AND RELIABILITY

Wet Suit Dry Suit
Temp Dive Number Dive Number

st 2nd 3rd
70°F 100% 100% 100% .
SOF 8% 70% 50%  100% 100

LPT



Third Layer: Gore Tex

Short for Gore’s textile fabric

Traditional Gore-Tex™ Construction* Gore Tex membrane:
=== Exterior - abrasion resistant Excludes water droplets

oufer shell; adds durability

and additional protection. Passes water vapor

=== Protective layer—

Gore-Tex Membrane =
provides moisture vapor to
escape ("breathable” layer).

Protective layer = thin
polyurethane layer to protect
Gore-Tex from solng (o,
insect repellent, sunscraen,
ete.

“m === Interior - softinner liner 9 billion pores per square inch

=3

"Slaed st lskolon abwwmbckgorkigighlcom Each pore 20,000 x smaller than water droplet

Wash with warm water & breathable fabric detergent; no fabric softener or bleach



Third Layer: Dry Suit

Keeps the insulation dry
Protects insulation from abrasion
Allows efficient, reliable cold water diving







Summary of Wet Suit Properties

Insulation: gas trapped in neoprene material
tight fit restricts water flow (conductive / convective heat loss)

Advantages: inexpensive
reasonable protection in temperate water environments
rapid deployment

Disadvantages: insulation (gas bubbles) decreases with depth
insulation decreases with age (gas bubble cells rupture)
buoyancy decreases with depth
ineffective in water below 60 °F
wind-chill on the surface
needs close fit
rush of cold water on entry
repair only when dry
chill increases air consumption

LPT



Summary of Dry Suit Properties

Insulation: separate from outer shell
variable to match diver to water temp, work load and comfort

Advantages: constant insulation thermal protection
constant insulation buoyancy
don’t need perfect fit
easy field repairs
no cold water rush on entry
consistent air consumption
longer “dive season”
Reasonable post-dive thermal protection

Disadvantages: expensive
requires multiple undergarment packages
specialized training to use efficiently
longer deployment time
can overheat on surface
require more weight than wet suit

LPT



General Guidelines for Personal Thermal Protection




Suit Thickness

mm | inches

Can be listed in
either
Metric or English Units

Fraction | Decimal

LPT



Wet vs Dry Suits

WETSUITS

-Warmth from water
trapped close to skin

-Wet = Warm

-Neoprene insulation

-Inexpensive option

-Multiple styles

-Multiple thicknesses

l

)

DRYSUITS

-Warmth from full
body protection

-Wrist and neck seals
-Integrated booties
-Fully waterproof
-Loose fitting

-Expensive



