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3. SCOPE OF REPORT

3.1 The studs of the snowmsking csrabilits in  the
Hudraulics Environmental Rooms was undertaken at the recuest of
C.N. DeZeeuws  Heady Technical Services Sections Hudraulics
ﬁivision.

3.2 This rerort consists of how the studs was conducteds
how thg data was dathered and to what use the information will be
ruUt. Negative datas will not’be diééussed but will be mentioned in
the chronoloswu, |

3.3 No attemert will be made to discuss the shusics of
snoﬁmékins as it is beuwond the score 6f this rerort and the
author., |

3.4 8.I. units are used in this rerort. The Fressure dgauges
are in English units and were subseauently converted to S.I,
units., The numbers assigsned to the nozzles are used for
identification qf the nozzles and are not necessarily their

diameter. Arrendis Ivlists the nozzles and their sizes.




4. PURFOSE

The snowmakindg facility and eauirment in the Hudraulics
Division 1labouratory have never had a compreﬁensive examination
‘to determine their full carabilitiess The rurrose of}this study
is td‘ sustematically dather dats about.snou tyre and @uanity
which can be disrlaued in tables and srapﬁs for dJdifferent cold
room temreratures and sir/water surrly rarameters, During the
data collectionsy technicues will be learned that can be combined
with the tableg ‘and  drarhs to form an orerations manual,
Thereforey simrly statedr the rurrose of this report. is to
contribute to the snowmaking orerations manuzl and to Proviﬁey
documentation of how the techniauess tables and drarhs in th3£

manual were derived,
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e LIST OF EQUIPMENT

5.1 AIR COMPRESSING EQUIPMENT

Se1.1

Indersoll-Randsy Ture 30y Model 7Ts air comeressor
and associated cooler and druer.

Aro air line redgulatory Model 27354-208%
Marsh rressure daude, Model J2054 \

Marsh bi-metal thermometers Model L3145

EBall shut-off valve

5.2 WATER FUMPING EQUIFMENT

5,2.1
5.2,2
5.2.3

5.2,4

Sherwood rotary geatr fumres Model "U*
Watts bu-pass relief valves Model 53004
Marsh sressure daudes Model J2054

Marsh bi-metal thermometers Model L3;45

5.2.5 Ball shut-off valve

5.3 SNOW GUN

5.3.1

3¢3.3
‘3+3.4

5.3.5

‘

The snow dun is a fabricated riéce of rire in 2
"Y* share with Frovision for nofzless made from
rpire rludsy to be screwed into the stem of the
*Y". Each leg of the °Y' is threaded. The high
Fressure water is introduced into the side leg
and the comrressed air enters the strzisht les.

Flexible hose is connected by means of auick
disconnect courlings to the ball shut-off valves
inside the cold room. :

Marsh needle valves,; Model N1514

Marsh pressure dgaudessy Model J2054

Arollo check valvess Model 1/2°




S.4 MEASURING EQUIFMENT

’ ' Sed4,2

\ 5.4.3

J+4.4

S¢4.5

COLD
ROOM

‘ ‘ 'PRESSURE

NOZ2ZLE

Hewlett-Fackard temrersture senéoryﬁodel'Qeoiﬁ

Weather Measure humiditiv sensors Model
with coated rrobe. ' : '

Hewlitt-Packard strir chart recorder,
Model 7100B '

Precision balance

Collection rans 34cm X 24cm X 1.5cm

THERMOMETER

HM111

VALVE QPRESSURE GAUGE

I ' AEGULATOR

LAB

() | COMPRESSOR | AR

GAUGE .
\

3 LAB

REGULATING
/ VALVE

PRESSURE

. : RELIEF VALVE

THERMOMETER , EL :
PRESSURE GAUGE 4 :

@ D W N

» -
BALL | ' :
HOSE VALVE _° - - 1 r - =
| | TRENCH
I * SYSTEM
L

FIG.1 SCHEMATIC of SNOWMAKING EQUIPMENT




6. METHOD

6:1 STANDARD SNOWMAKING GUN

Figure 1 shows the schematic of the standard snowmshking

‘eaquirment used in this studuy. The various nozzle tures and sizes

are screwed into the end of the snowmaking gun, The 3ir rressure

surplied to the dun is controlieq bg the rressure regulatov (Fig.
2) located outside the cold room. Theé water pressure sﬁphlied to
the dun is controlled by the pressure relief valve (fig, 3)
aitached next to the water rumer. The Pvessuﬁe daudes (Fig. é)

outside the cold room are used to set these Pressdres. The

~

téemrerature of the water and air is measured with the

FIG. 2 GAUGES AND PRESSURE REGULATOR

!



thérmometers (Fig, 2) located in the suprly lines outside the
cold room.l The ball valves (Fig, 4) inside the cold room Mafe
me;els for the convience ofkshuttins off the flous..The flows are
finely controlled by the redulatind valves (Fid., 5) attached to
the SUn; Confirmation of the set surrlu pressures is read from
the daudges (Fig. 5 attached to the gun. The check valves (Fis;
5) eprevent back flow in the case of a3 comrressor or rpumr break
- down.

6.2 SFRAY SNOWMAKING GUN

The ohlu difference between the siandard sngwmakins gun
ecuirment and the srray snowmaking 3un?eauipment is the aétual
gun. The srras snowmaking gun (Fig., &) consisis of 8 srraw
_ painting mixing chamber and gither an internalu nozzle or an
external nbzzlé. The dun is mounted on an aluminium rlate to

which is fastened 2 500 Watt ring heater and thermostat. The 115

Valt heater rrevents the nozzle from freezind.,

i
11t *

1.
|5 .
T . T

-i-—" . ) } 1 BB

FIG. 3 COMFRESSOR AND WATER PUMF




BALL VALVES

4

FIG.

EQUIPMENT

S GUN CONTROL

FIG.
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FIG.

6 SFRAY GUN

7 NOZZLES
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6.3 METHOD OF DATA COLLECTION

The cold room controller was set to the teméerature required
for the test to be Performed.. The temrersture sensors humidity

sensor  and the strip'chart récorder were turned on to record thé
rarameter changes as the room cooled. The air comeressor and the
water Ppumr were switched on and allowed to warm ur, The selected
nozzle was installed in the gun.,

When the cold room reached the reauifed temrerature the dun
was moﬁnted in the room and connected to the sustem. The valveé
on the sqh were orened and the airkand water suprly eressures
were set.v The regulating valves on the gun were adJjusted to -
setting to maké snow. The collection Pans were srranged on the

floor énd'the gun was asimed 3t the rans.

After & sufficient rperiod of timé had Paésed to allow the
rans to fill with snows the gun waé gimed away from the rans and
they were removed from the cold room: Verw auickls the e%cess
sﬁow was scrarred ffom thé tor of the rans and theu were weighed.,
From the known volume of the rans and the weisght of the snow in
themy the dehsits of the snow was determined,

If another'rdn was to be done.the #ans were emrtied, driéﬁ
and taken back into tﬁe cold room to cool off. The valve settinsgs
or surrly 'kreSSUrES were chanded aﬁd the rans arranged on the

floor to catch the snow.

12



7.

OBSERVATIONS

RUN

NUMBER

PRESSURE
AIR WATER
kFa kFa
1000 517
1000 862
862 862
862 847
862 862
862 862
862 B&2
862. 8642
862 862
517 517
517 517
862 862
842 862
862 862
862 862
862 862
862 862
862 862
862 862
862 862
862 862
862 862
448 448
448 448
724 724
724 724
862 862
517 517
517 517

ROOM
TEMP
desC

-10
~-10

- =10

-10
45

-10

-15

-16

- =15

-15
...10
-10
-10
-10
-10
=10
-10
-10

...lo

~15

-10

~-10
-10

-10

-10
-10

=10
-10

-10

NOZZLE
NUMEER

+ 125
+125

- «129

+125

+125

+ 125
+ 25
+187
+125

¢ 125
+125
+0BOE
+O80R
+080F

+080R
+080R
+080R
+080R
+080R
+0B0R.
+0B0OFE
+080E
+080R

+ 080k
+062B

+062B

13

SFECIFIC
"GRAVITY

+15
« 135

+115

" REMARKS

Wet snows rulsazting

Warm tes@; no
C Pulsating

‘Valves full oréen

All water

. All water

Room tems rises to
~3 5 )
Fortable hidh rress.

washer with #4009 tie

All water

Temr. measurements

Fulsating X

Valves closed doun
Bun rointed slightly
down. No pulsating
Valves less than one

turn oren.

Testing rans

Testing rans

Air oren 1/2 turn

Water oren 1-11/2

Air 1/2 turn

Water 1/74 turn

Nozzle froze

Air 1/2 turn

Water 174 turn

FPumr cuit

Line Ppressure
Valves at 1/4 turny
vargind dedrees of

‘srnow wettness

Air atomizing nozzle
Almost water

Almost water
Air'internal
atomizing nozzles
line pressures
nozzle froze

Air external
atomizing nozzleys
nozzle froze



RUN

" NUMBER AIR WATER

810320-1

810323-1
-2

4

810324-1

810602-1

PRESSURE

kPa kPa
8562 B62
862 862
690 690
690 4690
‘852 852
552 552
592 552
952 S92
892 592
- 552 552
690 690
827" 827
265 9465
690 690
690 690
827 827
96T 965
552 552
798 7958
827 827
965 965
965 945
827 827
621 621
896 896
| 896 896
345 345
345 . 345
345 345

ROOM

‘TEMF

deglC

-10
-10

~10

-10
-10
-10
-10
-10
-10
-10
-10
-10
-10
=10
-19
-10
-10
=10
-10

-10

-10
-10
=10
-10
-10
-10

-10

-10

=10

NUMEBER

«125
' 125
125
V125
125
125
125
.080B
.080B
.062B
«062B
+062F

+ 0628

+0B0OR
+080R
+0BOR
+0BOE
+125
«125

0125

\125
125
125
.125
(125
.125

14

" 'NOZZLE SPECIFIC

GRAVITY

195
+ 195
+ 24
+ 25
+ 265
+ 25
«78

. +28

22
14
17
12
«13

«145
11
+13
+30
21
+14
14

w15

195
+215

+11

oFer.

REMARKS

Valves 1/4 turn oren

Valves 1/2 turn oren

‘Valves 1/4 turn oren

Bad reading
Valves 1/4 turrn oren

Bad reading
Air 1 turn oren

Water 1/4 turn oren
1891125 Internal mix
sprad nozzle. Valves
oren 1/4 turn. Result
was slush.

Small internal mix
sFray nozzle, Air valve
oren full. Water valve
barely oren.
snow. Low cuantitu,
Small external mix

SFTray nozzle. Valves 1/4
Fine rowdér snowe.
Low auantity.,

Fine.rowder




8. CHRONOLOGY

What fbliows is &8 chronological listing of events that_
occurred durind this study, The rurrose of rresenting this here is
g0 that horefully some logic will be seen in decisions which were

made affect this rerort and snoumaking in deneral.

30 JAN. 81: The temperature .and humidity sensors and
recorders were set ur, The position in the cold room for the
sensors was chosen so that a2 minimum ofiuater or snow would
accuﬁulate on the humidity sensor. This rosition was within 15,2
cm of the ceiling and about 30.5 cm from either wall in the

Southwest corner of cold room 1B, It was found that the TOCH

_ 0 ‘
temrérature controller  had to be set to ~11.,25 € in order to
o o 6 .
reach an averade temrerature of =10 C. It was also rnoticed that
. : : ]
the actusl room temrerature varied by as much as + or - 1,5 C

about the averade set for the room.

2 FER 81! Attemrts to make snow were thuwarted on evers occasion bu

a8 tendency for thé water stream to rpulsate. Manu solutions to the

. Froblem wére thebrized and included heating the nozzle to stos

freezing and rossible installation of check valves to stor air or
water from traVelling ur the wrons hose if a Pressufe imbalance
occurred. It was not until s week later that it realized that the
sun must be kert rointed at 2 slight down angle to eliminate the
Pulsins. When this rractice was rut into effect all rulsinsg

r#roblems storred.,

3 FEB 81 Good‘snow was made usinsrthe‘smallest suprlied nozzle(.125K).

15




Makins' snow must hiave been M6st13 by accident 25 it had not wuet
been realized that the dun must be tirred down., The temrerature

‘ . rise in the room while making ‘snow was aquite dramatic. The
temrerature rose from -1000 to about -2{SDC'and froﬁ -1500
to. -3.508 on two differént occasionsg The cold room feturn air
grill was'found to be‘clossed with snow rarticles. It was removed
and no further trouble with 2ir temrerature rises were observed.
Two iarser size nozzles (.187 and .25 ) were +tried but they
Produéed only water or slightly slushy water, It was duessed that

the cold room cooling carscity was too small and the sueely

rressures too low to make snow with these size nozzles.

4 FEB 81: The high Pressufe rortable washer was set ur to see if

high rressure water would make srnow., With the nbzzle that was
supplied with its and at about 3500 kFa onlw freezing rainm conld be
‘froduced. The résular gurr was set ur with the +125R rnozzle and it

- ful
was found that the temrerature of the stream was 0 C about 61 cm

from the nozzle. The huﬁidits sensor auit working, It was decided

not to rerlace it since recordings had shown that the relafive

Y 1hqmidits rose to a8 high value when snow making was started. If the
relative humidity had any affect on snow making there would be
nOthins that could be done about it in any case due ‘to  the

limitations of the cold room.

6 FEB 81! A similar desidgn of nozzlé but with =& 2.03 cm dis.
bevelled hole was tried: The resulting snow seemed to be of 3
drier auality although the éﬁantits was less than in Frevious

TUNS. Thg a8ir comrressor started to give rroblems st this time., It

16




was decided to disconnect the intake lineé ahnd draw the air for
comrressing from the lab and not the cold room. Thics method of

‘ oreration has had no effect on snow makinsg.

11 FEB 81! Testind Qas done to FProve out the method of collecting

the snow.

12 FEE 81: It was found that control valves orenifndgs of less than

1/2 turn caused the bést snow to be formed..
13 FEB 81! The water sufrly dear rpume failed.

17 FEB 81! While rarts were beinsg obtzined to reﬁair'the FuUmPy it
was decided to try to make snow with Just line water rressure. A
smaller nozzle (1.57 cm dia.) was manufactured. Only the .062FE and
the .080B nozzles were used during this'testins. 'while it isl
Possible té make snow with line rressurey £he auzlite of the srnow

‘ varies in the room. This rrobably due to the fact that the line

Fressure varieés due to the water usadge in the buildind.

18-19 FEB 81! The rums was repaired, Various tuees of sEray
nozzles were a8t different rressures with mixed results. In most

cases the nozZles froze ur in 38 short reriod of time but while
orerating seemed to form dry snow. The auantities were small. It
was decidgd that this ture of noézle uas'uorth Fgursuing as it

- offered the advantade of making dry snow in 3 very localized area.

Farts were ordered to heat the nogzles.

20-25 FEF 81! Data collection proceeded with few f#roblems., However
ori 25 Feb the rpumr could rnot surrlu water at 3 Preséure above 690

‘ kF‘a.‘ The rump was obviously about to breask down adain, Semeling

17




was susrended and a new hidgher quality gear rumr was ordered.

18 ﬁAR .813 The new Pumr was installed with one imrortant
difference. The intake water was néw drawn from the clean water
rumping sustem trench instead of the building uatef surrly, It had
been noticed occasionally in the rast that when otﬁer‘ activities
in the lab used & lot of building water the surrly rressure would

dror 3nd affect the outrut pressure of the rume.

19-24 MAR 81! Datz collection cbntinued.'On 24 Mar it was decided
that this phase of the testing should be stosred, Thé reason for

this will be discussed in the results section of this rerort.

r

1-2 JUN 81! The rarts for heating the srraw nozzle had been
assembled and were readw for testing. The small internzl mix and
eﬁternal mix rnozzles Perforﬁed well althoush the auantities of
snow rroduced erodiced was too small to be measured in 3
reasonable length of time., . The larger épras noz;les made 2 lardger

auantity of snows it seemed to be very slushyg,

1g



9.  CONCLUSIONS

The observations made during this study have érbven that the
Hedraulics Division gnoumakins facilite is indeed carable of
makind varied aquantities and eualities of snow.

uet snow 1is defimed as & ture that can be- readilui formed
into 2 snowball and water can sometimes be 5augeaéd out it. Dru
snow is & little harder to form,into & snowbail and no water can
be saueezed out of it. All the snow was of the dranular wadér
ture with no traditional'flakes observed. Fidures 78 and % show
rlots of aif and water surrly Pressurés versus srecific dravitwe
of snow. These drarhs are based on meader dataz but do show the
Qariations in srecific gravity due to surrly pressures. Srecific
sravitie§ of snow between about 0.2 and 0.3 were Judded to be wet

snow. A srecific dgravity less than about 0.2 was Judded to be dru

SNOW.
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19




SUPPLY PRESSURE (peid
FIG, 9 .125 NOZZLE
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The euantity of snow made in a diven time (rate) is entirely
derendent on the flow of water throush the nozzle. No
messurements were made during this study qoncenhins rate of snow
making since with the .1?58 nozzle larde quantities are not a
Problem. "By using 2 smaller nozzle or even a small dinternal mix
. sFrag nozzle the fate can be reduced to 3 small amount. 

Figure 7 shows the rande of srecific graviiies of show made
using. the +062B nozzle. The drarh indicates that snow made with
this nozzle is in the dru sndu rande no matter what surrly
Fressures are used. If a small euantity of sSnow is reauired in

the druy rande then the +062R nozzle is recommended.

-

The drarhs for the ;OBOB ahd the .125 nozzles in fidures 8
and 9 respec£ivels are quite similar with ;eSPéCt to the quality
of snow that can be made. The ranse is from wet to dru. The only
difference then between these:nozzies is in the auanti@s 6f SNOW
that ié Produced.' |

A drezt desl of infdrmation was learned in this studw about
.how the Hudrsulics Division snowmaking facilitu uorks.. This
information will be used to write an orerating manual for srnow-—
making., The following is a summation of Pertinent facts learned
about snowmaking!:

2.1 A room temperatﬁre of 41000 is(recommended for snow
making; Colder temreratures cause Probiems with eruirment
freezind., Warmer teéemrperatures mean wetter gnou.

9.2 The watef surfly ball shut-off vaive in thé room must be

heated with 8 thermostatically controlled héater'at &gll times,

v




?+3 Hearing rrotection should be uorﬁ in the colq room when
makins SNow becaﬁsé of. the intense noise of the snoumaking gur,

9.4 The dun and hoses should bé P;Bced  in the room
immediately before snowﬁakins and removed to the warmth of the
lab wheﬁ snow making is finished,

9.5 The water SUPPIg should be turned on first when makindg
snow. The ‘warmth of the surrly water will keer the hose and gun
from freezing.,

?+6 The dgun must tirred down at a3 sligsht andle to srevent
rulsing of the air-water stream.,

| 9.7 The return grill invthe ceiling of the cold room must be
remqud before m;kiﬁs ShHow tp rrevent clossinévand the resulting
disfunctionins of the room.

§.8 fhe'intake'air for the comrressor must come from the lab
and not the cold room to rrevent the filter from closdging and the
ingestion of larde amounts of water into the QOmPressor.

9.9 The air and water surfly pressures should be eausl or
nearly eaual to make snow.

9.10 The resuiatins valves on the dun are wusuzslly orened
less than 1/2 turn to make the driest snow.

9.11 The relative humiditw iﬁ the room rises to almost 100%

during snowmaking and seems to thave no affect on the euality of

" énow produced.

?.12 The inlet temreratures of the zir and water> surply
- o
(which were noted on occasion to reach 20 €) have rio effect on

- snow produced as the temrerature of the air-water stream measured

o _
0.0 C at 0.6 m (2 ft) from the nozzle.,

¥
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APPENDIX I ~~ NOZZLE SIZES

NOZZLF DIA. DIA. DESCRIFTION
‘ NUMBER mm in | -

+062EB 1.57 062 1/4 N.F.T. Pire #lug with bevel hole
+.080B 2,03, ,080 1/4 N.FP.T. Pireée rplug with bevel hole
0125 : 3.18 0125 172 NPT, Pire pludg

+187 4.75 .187 Used onls once

218 5.96 +218 Not used

+25 6:35 .25 Used only once

1891125  3.18 ,125 Internal mix srraw nozzle

67147 1.19 ,047 Internal mix sfray nozzle

62240-60 = - External mix 60 ded. sprav riozzle
67228~-45 - - External mix 45 ded. serauw nozzle
1/74M 26 2.18 .,086 Atomizind nozzle

1/74M 12 1.97 .0764 Atomizing riozzle

23



APPENDIX II

iPs .
iFa
1kFa

1rsi

-

S+I. CONVERSION UNITS

-3
1.0%10 kFa
g
145,038%10 FSi

) -3

145,038%10 Psi

6.895 kFe
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APPENDIX III COLD ROOM TEMPERATURES

Over & period of severzl dawys the ¢old room temrerature was

measured at various controller set temreratures in the range
o o

»of =30 C to +13>C. Fidure 10 shows the rlot of the set

temperatufe versus the measured temrerature. The eauation of the
line is?

0.52 + 0,95 % SET TEMP.

ROOM TEMF.
0.999

CORR. COEF.

15.0 .

~15.8 4
-20.8 |

-25.84

A

™ s
i s

"SET TBP. (€ dagrese)

-38.8
25.0
-20.9 4§
-15.8 4
~-10.8 §
5,84
1&0 
15.8 |

FIGURE 10
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