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Snow removal equipment in Korea has been developed to remove snow from roads by pushing it away with snow shovels
or dispersing it into the air with snow blowers. However, in urban areas, it is difficult to use snow blowers. And piled snow
on sidewalks not only hinder pedestrians from walking by, but also melt onto the roads during the day and freeze at night,
causing traffic accidents. As a solution to this, there has been a need to develop a machine which melts snow on the place
where high priority is given for snow clearing such as airports, roads of frequent black ice occurrence, and main traffic
facilities. This paper describes the main design points and experimental results in developing the snow melting system
composed of the burner, blower, water tank, etc. Hot air from the burner spouts into the water tank and some of it rises
through the outer jacket where hot air is mixed with water in the tank, heating it. Hot air spouted to the bottom of water tank
and hot water pouring from the head of the outer jacket are two sources of snow melting in designing the equipment.
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Fig. 1 Conceptual drawing of snow melter
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Fig. 2 Design of snow melter with horizontally located burner’
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Table 1 Conditions of snow melter specification

Inflow temperature of air (7},) -1°C

Inflow temperature of fuel (7}) -1°C

Inflow temperature of Snow -1°C

Outflow temperature of water 3°C

Temperature of exhaust gas 80°C

Solid ratio of snow 50%

; Weight of (snow/(snow + water))
. Ratio of snow . 91%
; Weight of snow/(snow + foreign matter)
Hulo] 3g%= 37193 ol 7vkste] $37] Ald= 4
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zz10]2} gteh). Table 1914 Al 24 7] 2= G35t 1°C
A grEiElckal 7185 AL vl 7] 7k &5 (Temperature of Exhaust
Gasye HlUo] Ao +28 FHela gelsole] Aol
o012l Fof tj7|z wj&E wle] Lxolrh. Ao geje +
X HIO R HEEe 2% (Outflow Temperature of Wateryh=
3°CE 7HA4stt) jEE 2847t 24| IX| Qotof sl AF

Fe mefstolr.

9] 114 H]&(Solid Ratio of Snow) %4 9] ZefofAx] &=
(@Ae] AAsh= S vIE ouiste Al A}dollA ==
9l0] o] YRR B 50% AR T4t Sl AL vt
okt ek me, 28)7] 5 AT o] FF HlEEGE T
)& W 2 A Aekstel 91% Fhgslaint.

R Aejo] B ALK ton/hr)e]] AQEE GES 22
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Table 2 Physical properties for heat capacity calculation

Theoretical air mass per fuel (W, 4 14.644 kg air’kg _fuel

Table 4 Material balance of snow melter

Mass of material inflow (kg/hr) Mass of material outflow (kg/hr)

Specific gravity of diesel 0.843 Snow 6000 Water 6000
Lower heating value 10700 kcal/kg Fuel 30 Exhaust gas 2374 |
Specific heat of diesel 0.483 kcal/kg°C Combustion air 520
Combustion air ratio to theoretical air 1.2 Blower air 1824
Density of exhaust gas 1.297 kg/m® Material inflow sum 8374 Material outflow sum 8374
Specific heat of exhaust gas 0.252 keal/kg°C
Blower air ratio to combustion air 3.5
Density of air (-1°C) 1.296 kg/m’ A& Zofof gitt. @ 422](Table 3 Fatjefl ] ot B ARwF
Specific heat of air 0.24 kcal/kg°C ©] 30 kgol22 Froftl F7|F 2dof uhek(Table 2 3a1) A4
Latent heat of snow 79.7 keal/kg o Ba A4 7]F(Combustion Air Mass)?t &5 57|
Specific heat of snow 0.5 keal/kg°C (Blower Air Mass)o] 2745w, 4713t Al gt Fol 14 2]
Specific heat of water 1 kcal/kg®C H71712 5 (Bxhaust Gas Mass)o] 1.
N o] AR B = AR drdigol 26%2] AFE
Table 3 Heat balance of snow melter 7ol 71744 Xﬂ%; %oﬂi Z|oj goeﬂo%ko] 400000Ek031/ hrel 735
= 5 = o)) o =
Heat inflow (kcal/hr) Heat outflow (kcal/hr) :Lﬂog%:i;}sﬁ;jiéizlj Eﬂg°i;i;] TO;; ;;ﬁ
Sensible heat of 1500 Sensible heat of 18000 sme wY e )\E7]9} A PO WAL o1t ofo] A7

Snow water

Sensible heat of fuel ~ -14 Sensible heat of ¢ s
exhaust gas

Sensible l.leat (.)f 125 Latent heat of snow 217581
combustion air (6 ton)
Sensible heatof 3¢ Heat loss 31725
blower air
Calorific value of 317248
fuel
Heat inflow sum 315171 Heat outflow sum 315171
Heat input to water tank 237081
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Fig. 3 Hot air flow in snow melting system
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Fig. 5 Assembly of outer jacket and hot air duct® (Adapted from
Ref. 3 on the basis of OA)

Fig. 6 Hot water pouring out of ejection gate in outer jacket

Table 5 Ejection weight with various design factors

Ejection Ejection gate seccrt(i)sz-al
No weight Guide Skirt Reflector location & area

(ton/hr) shape (m?)

1 221 X X (o) X

2 6.15 X X (0] (a)* 0.4

3 10.27 (0] X (0] (a)*

4 2413 (0] (0] X (a)* + (b)* 0.34

5 2558 O X 0 (@)% + (b)* 0.4

6 2952 (0] (0] (0] (a)* + (b)* 034

7 3148 O X 0 (@)* + (b)* '

*(a) Modify ejection gate location (10 cm down from first location)
*(b) Enlargement of ejection gate size (up to 400 x 170 mm)
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Fig. 7 Original shape of snow melter
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Table 6 Snow melter test result (Burner & Blower)

Measurement (Burner & Blower)
Fuel 29.5 kg

Burner blower air inflow (Z,,) 11.3 m*/min
Air jacket blower air inflow (Z,,) 19.17 m*/min
Ambient temperature (7, 26.5°C
Density of air (26.5°C) 1.178 kg/m?
Hot air temperature 628.6°C

(Burner/Experiment)

Fig. 9 Sensors and their position in water tank
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Table 7 Snow melter test result related to burner & blower (55 min)

Property Calculation
Calorific value of _ - .
fusel (keal) 315650 = fuel™ - Lower heating value
Theoretlcal air 667 =fuel” Wi ! pu/ T,
volume

Burner exhaust gas

— - n ) o
volume® 7.12 fuel (1 I/I/LHH) //)au /Tf

= Iy~ +1,,”) — Theoretical air
30.93  volume + Burner exhaust gas
volume

Exhaust gas
outflow volume®

=T, + Calorific value of fuel /
682.9  (Exhaust gas outflow volume * p;-"*
e T)

Hot air temperature
-calculated (°C)

*Unit of volume is m*/min, ** Value in, p,; ; Density of air
W, air; Theoretical air mass per fuel in Table 2, 7, ; Test time (55 min)
I1a; Burner blower air inflow, 7,,,; Air jacket blower air inflow
cq; Specific heat of air (0.24 kcal/kg°C), T,,,,; Ambient temperature

Table 8 Snow melter test result (Water tank)

Measurment (Water tank)
Mass of water 5350 kg
Initial temperature of water 26.8°C
Temperature of water o
(After 55 min, sensor 3) 63.4°C
Temperature of exhaust gas 63.8°C

(After 55 min, sensor 6)
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Fig. 10 Mixing and water tank temperature during experiment
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APPENDIX

A1, Sall GEF Alllol| 223t Hi7|[7EA = ALt
ol E=F ALl gt 4R (Table 2 A1) FoflA 7|
7po] v G U= A4S 98l 7 -R-(Diese)e} 57](Air)e]
=F —rg(Mass Fraction)2 Table 92} Zro] 7}A3tct H-97}
Lt 4469) g3lo] oSO BIOR] Y
El‘ll A/ E= HIE-E Table 109] o2 ([ )eHe] =0 ot
A7) BES-4](Table 10)o14 75-2] A7k Hgof met o9 A

24 Q3 Atag U o] V|2 AAPHY &7 Table 11
o] $=Est9ct.

A7t AaE7] S8l AElE da 371 skl 7
uksk o2 F7|eko] 1.26)7}F P Qsith. Table 100] 23 w3
Aat Aa 371 A8ste] wi7)7kse] =4S 51 Table
129} 2} w7 7kA9] B9 (0.252 kealkg’C)ye zF AJEo] ek

A2 Fakol WAL golm, vj7|rkre] W 1207

Table 9 Mass fraction of diesel and air

C (Carbon) (%) 86.3
Diesel
H (Hydrogen) (%) 13.7
A 0O, (Oxygen) (%) 232
ir
N, (Nitrogen) (%) 76.8

Table 10 Reaction formula of diesel and air

Reaction formula of carbon and C+0,=CO0O,

oxygen (kg) (a) [1] [2.667] [3.667]
Reaction formula of hydrogen and H, +0.50,=H,0
oxygen (kg) (b) (11 8 [9]

Table 11 Mass of required oxygen an air

Property Calculation

. * .
= ratio of carbon ‘ratio of

Mass of required oxygen on (a)"* + ratio of

oxygen (kg) 3:397 hycj{ogen* * ratio of oxygen on
(b)
Mass of required air (kg) 14644 Mass of required oxygen /

(Theoretical air mass) ratio of oxygen"

*Value in Table 9, **Value in Table 10

Table 12 Composition of exhaust gas

Mass of per Mass fraction Specific heat Volume of per

unit fuel (kg) (%) (kcal’kg®C)  unit fuel (m)
CO, 3.164 17.04 0.200 1.600
H,O 1.233 6.64 0.446 1.524
N, 13.496 72.6 0.249 10.724
0, 0.679 3.66 0.219 0.472

Sum 18.572 100 14.321

kg/m’= ©Q] A= v FZFH(Mass of Per Unit Fuel)©] 3}(18.572
kel ¢ dzg Hu](Volume of Per Unit Fuel)o] %+

2. T E4 PZ(Heat for Snow Melting) HIAHHE =2

2)

ApomHE Qe Sz F4 doko] e Sa) 114 2A(
AIZEE9F 30 keo] 95 ALgatu] 9)7] £EL -19C, Table 1
2ye Hgatol gk AL ALY w3 Table 130] 5
Sekglet. dddolld 2 =] 2= W8} #71& 30-60°C #7F
o2 HASIRAL ojuf ¥ 9] 25 AJ7HBurner Operating Time)
2 365, ARESE AETR2 19.3 kgo] Hrh(Table 62] & 555 A

HollA o] ARg AmTF 29.5 kgollA] ghib). HATE 2= Fto) A
9] WY &5 AIZE Bt =2E9] ATF(Mass of Water in the
Tank; 5350 kg)o] A SAEct 7FAsPH =2 U &9
T4 F2 267500 keal/hr& 2 ZRAMEITE o] ghoj|A] €]7] &
T Aol o3t AR} 3719 FH Apo|(ZHZt 427.25, 14213.89
keallhr) 91 W31, £hA] 1AIZF B9 FQ) AR ol (HHL
364 +)E RATHH 235827 keal/hr Pth o] gHe d
A](Table 3%+a1)oll 4] & A3} w717}~ H G (Sensible Heat of
Exhaust Gas)S A3t t}2 24 24 &1 £ T4 A=

(Table 3)& AR 213 2t

Table 13 Calculate of input heat capacity to water tank (Temperature
range from 30°C to 60°C)

Property Calculation
Sensible heat of fuel™ _ .
(kcal/hr) 42725 =Tr VVM Cyq (7:,,,,/, - T;f)
Sensible heat of air™ =60 pui * o Upa + L) * (Tymp —
(kealhs) 1421389 ¢
h;falite:lte::lkc ?ﬁ::i%rgo =(Tr * AT* Wyuer— Sensible heat of
. . . 235827  fuel™ — Sensible heat of air ™) -
imposing condition of W, /(T - W)
Table 1 7 v

*Value in Table 6, “"Difference between and condition of Table 1
Tr; 1.67(Ratio of 1 hour burner operating time, = 60/36), ,; Weight
of fuel (19.3 kg)
¢4 Specific heat of diesel (Table 2), 7,,,,; Ambient temperature
Pair; Density of air, c,; Specific heat of air (0.24 kcal/kg°C)
Ips; Burner blower air inflow, /,,; Air jacket blower air inflow
Ty; Inflow fuel temp. (-1°C), T;,; Inflow air temp. (-1°C)
AT; Temp. variation (30°C), W,,..r; Mass of water in tank
W4; Weight of fuel in Table 4 (30 kg)
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