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A Study on Thermodynamic Natural Ventilation Analysis

by the Field Survey of Underground Mines in Korea
Yeong-seok Yu, Jang-hoon Roh*, Jin Kim

Abstract In this study, a total of 13 mines were finally selected as study subjects and field measurements were
conducted. Thereafter, calculations of thermodynamic natural ventilation were attempted using spread sheets and
solutions for natural ventilation of mine types with multiple vertical shafts were obtained. Based on the results,
natural ventilation of each mine was quantified. In addition, changes in natural ventilation energy (NVE) and natural
ventilation pressure (NVP) were estimated assuming mine deepening and the resultant values were applied to mine
conditions to observe changes in flow rates. Natural ventilation pressure in domestic mines is generally calculated
to be in a range of 5 Pa~300 Pa. Although NVP increases as the depth increases, resistance also increases. Therefore,
as the depth increases, flow rates show a tendency of converging on a certain value because of the relationship
between NVP and mine resistance. Natural ventilation using shafts with depth differences is effective up to depths
of 200~300 m. However, flow rate change rates resulting from NVP are small at depths deeper than approximately
200~300 m. Therefore, if a mine is deepened over 300 m, NVP will become insufficient and thus additional pressure
obtained through mechanical ventilation will be necessary.

Key words Field measurements, Natural ventilation energy(NVE), Natural ventilation pressure(NVP)

£ B AToE ZREEA L Tl oistel AATHIS AR AR F 13700 B AT
O sfo] FPUES B} ofF ATHTAES ol §3 AsHA WA AAF| el that AL st
Ak o5 BigeR 7 IS AATTIEE TS sk 1L At ARSE 7P AdET]d A
(NVE)©] #ig}o} 212157 QI(NVP)S ol&5}a, o] ghe A% 7o) H8ste] Sapists wasiglrh. 2
FAkel AAF71He oF 5~300 Pad] WP ALMETE A7t Qoo wel 2] &JF] NVPE: AXL
Ag B3 F7FSHLE NVPS} A% Aake] B o3 Holrt FAASE S QAW go Syshs
A BRItk Z1o] 200-300 m 7 olA7 Qs 44 ol 8% %717} FaAolLt oF 200-300 m
ool A= NVPof| w2 -5 isleo] wm|sle 2 300 m ol HF317E A3 39 AAF7 ¢ e 94

w5 o] 71 A%/1E Be #7449 gelo] Wasi,
A0 AYUZ, A7 LA, Ao

.M E

Received: Jul. 19, 2013
Revised: Aug. 6, 2013 . - _ -

i IFA 3}z 7] al ZJzHo] 7} o] 3]
Accepted: Aug 9, 2013 [e] \_]_-Oﬂ J&\?_ﬂ—%?%ﬂ] 7<— oz—vv‘] oﬂ% \_]_OH é_"ILL’H
*Corresponding Author: Jang-Hoon Roh Aubge HAF A FejolA uAge= A
Tel) +82328727551, Fax) +82328727550 SlEl = Afolck = ATl vl ZYAE-E a3
E-Mail) iglord2@naver.com of & 9 g 4avF oy, I FoAE 7 EA7) 5
?OI;IeAa University, 100 Inha-Ro, Nam-gu, Incheon (402-751), = o] AR A] ARLE] )4 2] ol w uln)

288



B 2|5kt 289

A A ek a7l wgoleh! Y ofelet 7y
Y Sa7tASe wakEoly 1 Akjeld A of

3ol s1g% ook P4 fAIsjolt sht] o]F 9]
3l 7b kol s A W e FIIALYS B
sfo] SR /1% o W INGORH 0GB B

A71= Aolek. ek B F1A0] Aol
ol BUT w2 iAEe Ay A
7] whiol) B 413e} ke
2 dAET. ofo] uhe} fz)+ m@xu ﬂ?m je %-
Bl o e 3%
A Ae Sl &
s 9k
A ol A AL sl Aol dhrie %
3ol 77k Aol A Aol o]Folxlck? ety 7]

AS7E HESHA L A7 &S] A
S3L Qe SRR of et AAE 71 AA7IA] Ak

2 skl A ¢7] wiizoll Aol ket A
7% Atste] A8k dle e olgteel itk
E3L e At S71AEe] oA BRtElA
o wet B7IHESI] ol2fgo] wol wast Ao
SV B ot $71AG0] LolA AhE]
ELEREN RS £ AL ws
ek

2 AtolMs AU FAEES] WA Al S
7| EAlES MAdsH] flste] 1371 Akl %
Eslo] A7 UukH o2 A8t Al
AdE71Es 9l Hor ALk
stepgiel. ERL AAE71E9] dANES ASs)
it

& FEA7):

Ml
oZ

rﬁi
o
wx o

rlr mlo o}m
_?_12
kl

ot %0 v rfr

Q
= ox

|
Ol
5

(

F

2. XHS7|H

A S AL AR ke e A
HE710] e SRS MolT glon] AP B
5718 Agsteiers 714717k A4 57145 0l
1= gk yEAolch et WA 24 FAE o

AE/IE 3 el s, A0

Ab i e PR AR E Thso] B
S ke ssks |l glof =

q

B BEL AstEo] 9 e F97t wok
Wit 57] BAle] oie AL A5 edele wheb
S A A IbgelA B T pEkc g %
24 Eo] 99l o] ARMoleh. ATl Tt ol
7} upgto] H9lS A4S AAETIY Aol 71zl §

Wi

=

210

ZS|
o

ﬂllﬂl o

_‘m

ruka‘ Mo —{NI JE.

]-o
ol
S

Fig. 1. Concepts of natural ventilation systems

Table 1. Air flow direction depending on seasons

system(a) |[system(b), (c) temp
need to induce yes no
winter direction either right to left | strata>air
summer direction none left to right | strata<air
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2.1. Thermodynamic Method

Fosta o g 2AF 7| A(NVE; Natural
Ventilation Energy)o]| 2]t 215712 (NVP: Natural
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Fig. 2. 3D map of mine A

1 Surface atmosphere 4

s
7

© c
< B
2 o
o £
“.........

Workings
2

Fig. 3. Mine ventilation layout for NVP calculation
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Fig. 4. Schematic diagram of underground mine[5]
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Fig. 5. P-V diagram of mine ventilation circuit
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Table 2. List of researched mines

Mine | Type of mineral Location Depth
A Iron ore Jeongseon, Gangwon |375 ML
B Lime stone Samcheok, Gangwon | 92 ML
C Lime stone Samcheok, Gangwon | 62 ML
D Lime stone Jeongseon, Gangwon | 59 ML
E Lime stone Jeongseon, Gangwon | 40 ML
F Lime stone Jecheon, Chungbuk | 80 ML
G molybdenum Jecheon, Chungbuk |134 ML
H Lime stone Samcheok, Gangwon | 110 ML
1 Gold, silver Haenam, Jeonnam |100 ML
J Silica stone Gangjin, Jeonnam 0 ML
K Lime stone Yeongwol, Gangwon |140 ML
L Lime stone Jeongseon, Gangwon |103 ML
M Lead, zinc Gwangmyegng, 0 ML

Gyeonggi
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Table 3. Classification

with mine types

Type U Type J Type L Total
Number of
. 3 7 3 13
mines
B, C, D, F
Mine A G K| 7.7 I E, I, M
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Table 4. Seasonal NVP value of researched mines
Summer Spring - Autums Winter Type
Mine A 19.3 Pa 40.4 Pa 271.3 Pa U
Mine B 4.3 Pa 6.2 Pa 9.7 Pa J
Mine C 65.4 Pa 30.1 Pa 52.2 Pa J
Mine D 6.9 Pa 9.6 Pa 18.9 Pa J
Mine E 50.3 Pa 5.9 Pa 304 Pa L
Mine F 18.1 Pa 10.7 Pa 20.1 Pa J
Mine G 11.3 Pa 19 Pa 101.5 Pa U
Mine H 15.5 Pa 9.3 Pa 23.4 Pa J
Mine 1 12.9 Pa 9.8 Pa 28.1 Pa J
Mine J 7.1 Pa 6.4 Pa 5.6 Pa L
Mine K 13.5 Pa 17.5 Pa 152.2 Pa U
Mine L 4.2 Pa 4.9 Pa 6.7 Pa J
Mine M 13.7 Pa 43 Pa 11.9 Pa L
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200 50
100
- . 0 - .JJ l l
OA - <y § e | .
G - . ‘ B F . L | ® )
% T e Mine ® g,
K spinS . Supy 9,
e o’ AUt L M, u;,,%

Fig. 12. Seasonal NVP graph of mine type U

Fig. 13. Seasonal NVP graph of mine type J
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Table 5. Natural ventilation simulation by depth increasing

Depth(m) NVE (J/ke) NVP (Pa) Air (frlT?z\/J\;)rate Flow re;tg():ﬂhange /
50 -5.2 6.4 13.5 27.0
100 -14.3 17.5 18.6 10.2
200 -41.4 50.7 24.8 6.2
300 -73.5 90.0 28.1 33
400 -115.5 141.0 31.1 3.0
500 -161.3 198.4 335 24
600 -211.7 261.1 35.4 1.9
700 -266.1 329.0 37.0 1.6
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