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Heat Calculator Heat Calculator
File  Edit File  Edit

Air Heat S/L Air Heat S/L
Air Heat S/W WE Temp.: C | 3512344 Air Heat S/W RH % | 30.000001]
Diesel DB Temp <C 10| Diesel DB Temp sC \ 10
Fuel Brre | 100| Fuel e | 100)
Electric Electric
Water Water
Cooling Towers Properties Cooling Towers Propesties
Effective Temp : : Effective Temp :
Cooling Power et ot ‘ *1007?191 k.f/kg‘ Cooling Power SensbioHent ’JLDMME‘
Properties Temperature e 1 5?3421§kJMg} Properties Temperature Latent Heat ‘ 3.744881 k"/kgn‘
Properties Sigma Sigma Heat 1j5812§1§kJ/k51 Properties Sigma Sigma Heat 1 71573?30179@/1(23
Properties RH Air Density ]41227375772?9/13] Properties RH Air Density 17 1.228669 ka/m?|
Duct Calculator Humidity ] 30000601 ./. ] Duct Calculator ——— 1 3518066 "’Cnl

Mostre | 0.002299kgkg| Mostwe | 0002303kgrkg|
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Heat Calculator

File  Edit

Air Heat S/L

Air Heat S/W
Diesel

Fuel

Electric

Water

Cooling Towers
Effective Temp

Cooling Power

Properties Temperature

Properties Sigma
Properties RH

Duct Calculator

INLET OUTLET
WB Temp < [ 20000000, | 2|
DB Temp <« | 30.000000| 32|
Pressure &Pz ! 10} 3 }7 1,02‘
Arflow ms \7100}
Estimated Heating / Cooling
Sensile Heat | 24.589910 kW |
Latent Heat [ 60519940 kW |
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Air Heat S/L
INLET OUTLET

Air Heat S/W WE Temp oC i 2onoo000l | 52
Diesel — —

DB Temp cC 30.000000} \ 32\
Fuel : ; |

Pressue &Pz | 103 | 102|
Electric —=> = —

i 10.0|
Water Airflow ms \ 9
Cooling Towers
Estimated Heating / Cooling
Effective Temp =
. Sensible Heat \ 85.109850 kW |
Cooling Power
Properties Temperature e ,2,4,94,"1'/550
Properties Sigma
Properties RH
Duct Calculator
(@)



VYT



Yo



S5 A —\ -0

Sz 5 Lo 0l o0 plsl (6200515 5 6 nNUaSTS Jae 90 50 olee o wges (b
o 1y 500 eyl plu a5 wigd oo gmime olas 505 (b 5o e syl Sl 1se
Sgdisr 22 19 Jlw 990 pALeSTy Joe jlosliinl b aysed (b jo im0 )18 095 506
b 0 192 (295 5 $99,9 polke (rizren 5 Cenl ol o)lgen o JBa g Lo ial)ly g0 S
a5 g 22 e Jlw (09 pduaSTy Jow 3l eolaiwl b ages (il jo Ll aiply po b asges
o2 b ased Zob 50 lsp (29,5 5 699)5 nolie rizres g diiees Culi e (JBa g Lo el g0
AL 2l

o9y Ogmed hliBe sl by, 6 pdleSTy Jae o olae o aged aSil Julo sl
5 28l Joe wl,S go,le ( olad ddl> Jow Wl S eo)le (g Jae wl)S g0, (WIS o)l
4 o eSO (590 o dudpe o WIS (630 (g Joe o l)S 60l (Adls S (S
Al paie oz b faudly s 9 Sy Jaw Gamdly (s (ool )5 g0,le (e eeo Ll
Slor & Jam @l fes w003 5 (cnlae 9 blie 5l 395 Slagts, 5l G el oud
GoaSld @l cpl o Lulel (pl p dsdge Cgwime Gubize Gy (ol Blaal 1 ol
—Fee 5 LS ole (Rl Joe g9 aiespe LS a5 ol plosil (6950 Dlalllae g 4y il
Ol i 15555 5 ol Olaz 4 ow; sl i Gl 3 pie Glacga b (el
o9y oS o)l mali Jaw wlal 5 ol Clez a4 Jase ol Ko S Al cpl o

g gz Al ) 55 Grizren ol Al S o0 )le (Bebl Joe (regs (e o g

\Y#



Osdly o Uhay Ol SoS s Ghe) omite slacua b gedly —0s B, 008
Jedi (Gl 9 sl by, a5 Al eols lid ale, cpl e ores ol &l glie e
Hg ool ol gy dw olul (nl s o595 (placias ) 8 JLad 352 L aleasid
i a5l s, cpl 4o

ook slge g S ler Jae 90 50 28 o515 Jlew oBaus 5l olae o s Aok
& o )l Jsb 5l sl s2 )0 lse (JBa g e (s pdupSTy Joe )3 eizren 095 o0 plox]
(B s azmen (29> sl Dlatiin ki (Jae (pl g oS SVl (nlply sl s
S e ks S gl Jae peds sl el gli Job 1 ST casgh, g jlad e
&lr s 05dio 0310 s 4 ol 2l Sz (0l ple olBays 5l a8 el oz 8 Aloles
Slaghy) 5l dolae g0 (ul o slp &5 Conl (o e dolae 90 J> 4 5l ool ye Jao g
g DYolae (0d > o Fie Gl p (2 (o Slaghy, Sgboe odlitul (2L, (oo B
b dax by aw dle) ol jo elad cnl 2 09doe (0h) Slaslons plonl Gl ol (Yol
GrdueSTs Joe ;o s (b di Ssgen sl KW ooy 5 K a9, «(A) W g, slapls
Jstzme (28 L pogw by, g ol 515w poed Jladie (09 pslae (28 b sl by, 99 sl oads il
ol 00 851 gl ra slon ke Julos sl 6,lim Jobo yo T [l puis e (g

95 5% dgd (b 6l (2l Dlewloe plamil <85 il g e ol 6l dlls) cnl 5o
;o Ventilation Design lsie b jgaig cov glash ) asl p SO wspdnS1y 9 6 pdleSTy Joo
Slably asl p pl Sopme 9 $9,0 (i liel .l ool &l,l Visual C++ 6 s gs 4ol p Jaxs
el gas olS )] g5 i a5 el e (] Sl sl 0 plol gz b 0 45

Wgd oo Ol S b 4 Al cnl sl oad Jols (IS mls
@ borye VooF Jouxr load Jolo> ol Gl (S 535l (o9, (Al Joo (ogs A1) -)

O S Py R Olee 4 IS oyl by, (Eal Joe s (89,50 Slalllae

\YY



Slwlrs pll Gloj 5 (o2b, Slawlrs 1,85 slaas JBlas oBaus 5l wl,S 60,k sla s,
ool &l ayge8 Al jo aZll g bl glgl 5 65380y yad Jaw cnl jo 1yl S50,
el

Joe Gamdly —ig bgy po (Jlste Dlitie Bl b (gl (9 amdl) - (T9ud Ghs, L)Y
st 9 2k, Slewle px> folS o Blde (a el —s b, Wl 9 SOy
ol ol gl el oals (yolae dge5 slaaSils o )0 gmdly — 59 daaz by, 0,18
Olye 4 BRie oty (gedly —(Fe by w09 Slallle 4 bgipe VeoF Jga 5l ends
plxl Gloy Sl Sl Ggudly —igs 5 oS sole slats, des G S g, rSEe
el ol Slawlxs

by o sl yile ;o p3¥ Obemal Jlacl b Wl S g0, 5a ool 2ol sla yog, &l =Y
kol by duw Loled 5 oads by sy, QT Shns 28, coms WIS 63l (e g, A &
Ol ke YASY 9 V0-F ol 5l eals oo mlis wailoals &Sl) ST (g0 )le g 00l
G S e 0See Sl ST go)le (g sl el slaghy, &5 aitue cdbas
510,555 5 095 (LS sla

Lo g, a5 conl Cdlae ol Silo £-F Jgoo 5l oals Jol> mls ubo (A) Lo gy a1 -F
4 Sl piyeSTy sbye gl Joo 5o (Sealiyogey S¥oles o e 5 St o (A)
D950 Hgmdly = T9 b,

o K gy a8 Cenl s ol (0L V=Y Jga 5l oads Jol> s Gk K g, &1 -0

Sedse ndueSl sbye gl Jae jo (A) Lo gy 4 o (Sealipdge i S¥olas Jo g pud

Ly, oo F-Y-F 25 o esd grhe Jlew @b o Seoludgey Laly, sse &I -7

a8l See kuly, plplo el Ll olee 508 sleasils Ll gl (Seslioge

adloas SLIAY-Y U F7-V slao,leds

YA



Sl p3Y olae a9 slaaSed Jlos sl (Selnge s Laly) sgute Geb KW (35, il Y
el ool &I KW gy bl ol 0 098 ool K o) 9 (A) Wo by, ,0 Sl b
St 0 Sas JTKW g, a5 el llas ol Sy 1 o-F Jgar Sl oad ol s Gob
el 510555 5 K gy 9 (A) s g 90 4y S
p Sl OYolee J> o ez alS 3 cdgeus sl Ventilation Design slasl, ael a3l -A
SS9 G rilaSTy Jae 55 0 (olee 55 (Aib
W10 lgains —Y—0)
Sy el Zrhe Al cpl ol 4l lee 4 Ventilation Design slabl, aeb, &)
Ventilation Design slabl, ack » slacosgame 28, .cunl 0,95 5 Slaosgame 5l sl oyl
Maie oy5lp Logas j3 gl Cudgazme wgbice ihae Al cpl o ST lolering plgie @
et 51 S olsie a bapl Gl bl ege s Sy sleaY ) ke I8 (o556
FouS 1 ol 4 aiisly cele dBaus 3l aS cnl 7 idae S olae age b sle il
@ bgiye pgd Cadgasme Grizmed 5 Sl Sl (45,0 18 olge 5 e cugh ) W Sle
ol 6’;1 Slolgaion ol plo cul oaiid bl glaib]) asbp cpl jo a8 cul S35 ol
e o Trre bd gy 4 dls,
Sadle olae ogas j0 T @558 g lie S8 (63355 Jlade 85915 calisee (sla g, —call
Sqd aslsl Ventilation Design glal!y ael o «

g4 adlsl Ventilation Design slaib!, asby sl Sl ioles -0

Y4



Y.



&0 9 aslo

AR



P H

el 5o elS @)le by 2lRen p Jse Jelse qyn” (WTRY) 2 (bae s (S8
2d 0 )lods (158 0,53 (hne (sudie (EBe% —(sole 48 M olae ased slaasil
YN0 asas

aly sl sl wllasl Jgl olx Molee jo ages (Sl Jgol! (I YAY) !
S ool (e

a s M e slalad ayses 4l Jlod o WS 0yl gy g (LITAY)
MIV=N ) aomido pgs o)led cpgam 0,99 ¢ o)) SLaLaS g Jigi (pwdite (S2o9T - (ool

Odsl ¢l g, 5l ealitl b S5 ane ages (b (VWAF) I el s oy o !
M=) dio olge g OI3lE yare cwiige il S

a5 (el oo lp piie slacuz b gdly (s Shgy dmwss T OYAA) Wl
(i 0,95 (Shaj iy alad 5 g s g% - sale 485 ¢ i glalad
FYA-VD amio ¢ gl ol

(BRSOl ladl (e Ol (sl ol a"QOLx.o 4 4%94‘3" AYAQ) iz « s

S gl i oBiils ol Lzl (p g0 AL?‘"Qohﬁ)o<gyp"(\VAY)‘C‘CQAA

Gl g2 Opedy ~se Ghey 3l ekl b ane aysed s Jelos™ (VTAR) o (Sl iz (o
Aho (i § Comdd 033 S ol Saio oBiils Lidgh- sole 4,25 ¢"'DQ DYoles

NeY-ay

\YY



Arsene, CTC., Bargiela, A., and Al-Dabass, D., (2004) “Modelling and simulation of
water systems based on loop equations”. Int J Simul, 5(1-2): 61-72.

Ayad, A., Awad, H., and Yassin, A., (2013) “Developed hydraulic simulation model for
water pipeline networks”, Alexandria Eng, J., 52: 43-49.

Basha, HA., and Kassab, BG., (1996) “Analysis of water distribution systems using a
perturbation method”. Appl Math Model, 20(4):290-7.

Bhamidipati, S. S., and Procarione, J. A., (1985) “Linear Analysis for the Solution of
Flow Distribution Problems”. Proceedings of the 2nd US Mine Ventilation
Symposium, Mousset_Jones, P. (Ed.), Rotterdam, Netherlands, pp. 645-654.

Boanoa, F., Scibettab, M., Ridolfia, L., and Giustolisic, O., (2015) “Water distribution
system modeling and optimization: a case study”, Procedia Engineering, 119, 719
—724

Boulos, PF., Lansey, KE., and Karney, BW., (2006) “Comprehensive water distribution
systems analysis handbook for engineers and planners”. 2"., MWH: Hardback.

Brkic, D., (2009) “An improvement of Hardy Cross method applied on looped spatial
natural gas distribution networks”. Applied Energy, Vol. 86, pp. 1290-1300.

Bruce E. Larock, Roland W. Jeppson, Gary Z. Watters., (2000) “Hydraulics of Pipeline
Systems”, CRC Press LLC.

Cazenave, Anny., (1995) “Geoid, Topography and Distribution of Landforms”. In
Ahrens, Thomas J. Global earth physics a handbook of physical constants.
Washington, DC: American Geophysical Union. ISBN 0-87590-851-9. Archived
from the original on 2006-10-16. Retrieved 2008-08-03.

Chiplunkar, AV., Mehndiratta, SL., and Khanna, P., (1990) “Analysis of looped water
distribution networks”. Environ Softw, 5(4): 202—6.

Coelho, PM., and Pinho, C., (2007) “Considerations about equations for steady state
flow in natural gas pipelines”. J Brazil Soc Mech Sci Eng, 29(3):262—73.

Collins, M., Cooper, L., Helgason, R., Kennington, J., and LeBlanc, L., (1978) “Solving
the Pipe Network Analysis Problem Using Optimization Techniques”.
Management Science, VVol. 24, pp. 747-760.

Creacoa, E., and Franchinib, M., (2015) “The identification of loops in water
distribution networks”, Procedia Engineering, 119, 506 — 515.

Cross, H., (1936) “Analysis of Flow in Networks of Conduits or Conductors”. Bulletin
286, Engineering Experiment Station, University of Illinois, Urbane, 29 pp.

WYY


https://fa.wikipedia.org/wiki/%D8%B4%D9%85%D8%A7%D8%B1%D9%87_%D8%A7%D8%B3%D8%AA%D8%A7%D9%86%D8%AF%D8%A7%D8%B1%D8%AF_%D8%A8%DB%8C%D9%86%E2%80%8C%D8%A7%D9%84%D9%85%D9%84%D9%84%DB%8C_%DA%A9%D8%AA%D8%A7%D8%A8
https://fa.wikipedia.org/wiki/%D9%88%DB%8C%DA%98%D9%87:%D9%85%D9%86%D8%A7%D8%A8%D8%B9_%DA%A9%D8%AA%D8%A7%D8%A8/0-87590-851-9

Dandy, G. C., Simpson, A. R., and Murphy, L. J., (1996) “An improved genetic
algorithm for pipe network optimization”, Water Resources Research, 32 (2), 449-
458.

Darvishi, M. and Barati, A., (2007) “A third-order newton-type method to solve systems
of nonlinear equations”, Applied Mathematics and Computation, Vol. 187, No. 2,
630-635.

Eiger, GU., Shamir, U., and Ben-Tal, A., (1994) “Optimal design of water distribution
networks”. Water Resour Res, 30(9): 2637-46.

El-Nagdy, Kh.A., (2008), Ph.D thesis, “Analysis of Complex Ventilation Networks in
Multiple Fan Coal Mine”, West Virginia University.

Giustolisi, O., (2010) “Considering actual pipe connections in water distribution
network analysis”, Journal of Hydraulic Engineering, Vol. 136, No. 11, 889-900.

Giustolisi, O. and Moosavian, N., (2014) “Testing linear solvers for global gradient
algorithm”, 1-12.

Gupta, 1., Bassin, JK., Gupta, A., and Khanna, P., (1993) “Optimization of water
distribution system”. Environ Softw, 8(2): 101-13.

Gupta, 1., Gupta, A., and Khanna, P., (1999) “Genetic algorithm for optimization of
water distribution systems”, Environmental Modelling & Software, 14 (5)-
437e446.

Hall, C.J. (1998) “Mine Ventilation Engineering”. S.M.F., INC.

Hu, W., and Longson, I, (1990) “The Optimization of Airflow Distribution in
Ventilation Networks Using A Nonlinear Programming Method”. Mining Science
and Technology, Vol. 10, No. 2, pp. 209-219.

Jha, K., and Mishra, M.K., (2018) “Modified Newton-Raphson Technique for
Integrated Object-Oriented Water Pipe Network Analysis”, ™' International
WDSA / CCWI, Joint Conference, Kingston, Ontario, Canada , 23-25.

Kamba, G. M., Jacques, E., and Patigny, J., (1995) “Application of the Simplex Method
to the Optimal Adjustment of the Parameters of A Ventilation Network”.
Proceedingss of the 7th US Mine Ventilation Symposium, Wala, A. M. (Ed.),
SME, Littleton, Co., pp. 461-465.

Li, X., Mu, C., Ma, J. and Wang, C., (2010) “Sixteenth-order method for nonlinear
equations”, Applied Mathematics and Computation, Vol. 215, No. 10, 3754-3758.

McPherson, M.J., (1993) “Subsurface Ventilation and Environmental Engineering”,

\W¥



Champan & Hall, 184.

Michele, G., Zoran, K. and Dragan, S., (2012) “Using high performance techniques to
accelerate demand driven hydraulic solvers”.

Moosavian, N. and Jaefarzadeh, M. R., (2014a) “Hydraulic analysis of water
distribution network using shuffled complex evolution”, Journal of Fluids, Vol.
2014, 1-12.

Moosavian, N., and Jaefarzadeh, M. R., (2014b) “Hydraulic Analysis of Water Supply
Networks Using a Modified Hardy Cross Method”, International Journal of
Engineering, Vol. 27, No. 9, 1331-1338.

Bhave, P.R., (1991) “Analysis of Flow in Water Distribution Networks”, Technomic
Pub. Co.

Savic, D.A., and Walters, G.A., (1997) “Genetic algorithms for least-cost design of
water distribution networks”, Journal of Water Resources Planning and
Management-ASCE, 123 (2), 67-77.

Singh, M., Kheer, S.K., and Pandita, LK., (2016) “Improvement of water distribution
networks analysis by topological similarity”, Alexandria Engineering Journal, 55,
1375-1383.

Todini, E., (2000) “Looped water distribution networks design using a resilience index
based heuristic approach”. Urban Water, 2(2):115-22.

Wang, Y. J., (1982a) “Ventilation Network Theory,. Mine Ventilation and Air
Conditioning”. 2" ed., H. L. Hartman (Ed.), Wiley-Interscience, NY, pp. 167-
195.

Wang, Y. J., (1982b) “Critical Path Approach to Mine Ventilation Networks with
Controlled Flow”. Trans. SME-AIME,Vol. 272, pp. 1862-72.

Wang, Y. J., (1984) “A Non-Linear Programming Formulation for Mine Ventilation
Networks with Natural Splitting”. International Journal of Rock Mechanics and
Mining Science, Vol. 21, No. 1, pp. 42-3-45.

Wang, Y. J., (1989) “A Procedure for Solving A More Generalized System of Mine
Ventilation Network Equations”. Proceedings of the 4th US. Mine Ventilation
Symposium, SME, Littleton, Co., pp. 419-424.

www.sibenergomash.com.

Www.vacuumkaran.com

Zecchin, AC., Simpson, AR., Maier, HR., Leonard, M., Roberts, AJ., and Berrisford,

Yo



MI., (2006) “Application of two ant colony optimisation algorithms to water

distribution system optimisation”. Math Comput Model, 44(4-5):451-68.

Y&



'YV



Sy oo & b o Ventilation Design glaibly aol pw j0 0,8 1) Cawgm

20
13
11
7
3
2
5
32
85
89
91
35
36
38
43
39
40
60
59
22
31
21
14
48
49
64
51
52
55
56
73
100
101

PR RRPRRPRPRRPRRPRPRPRPRPRPRERRPRPREPRPREPRERREPRPRERREPRPRERREPRPRERREPRERPRERREN

YA



Sy oo 4 by wo Ventilation Design glaibly aol p j0 a5l Y Cowgn

2 20 0.1
20 13 04 5

(62}
N
o ©
o

13 11 02 4 0
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7 5 01 1 0
5 3 02 1 0
7 3 04 1 0
3 2 01 2 0
13 14 03 1 0
14 2 01 3 0
11 32 01 2 0
35 32 03 1 0
32 85 03 3 0
35 38 01 1 0
38 36 02 2 0
36 35 01 2 0
39 38 01 1 0
40 39 01 2 0
39 100 01 1 0
40 43 03 1 0
43 85 03 2 0
60 43 03 1 0
60 64 04 1 0
85 89 02 5 0
55 89 03 1 0
89 91 02 6 0
91 100 01 6 0
31 21 01 1 0
21 14 01 2 0
31 22 01 5 0
22 73 08 1 0
22 59 14 4 0
59 56 03 2 0
59 60 01 2 0
48 40 01 3 0
49 48 01 1 0
64 48 01 2 0
51 64 01 1 0
51 49 02 1 0
52 51 01 2 0
73 52 01 1 0
56 55 01 2 0
55 52 03 1 0
101 31 01 6 0
100 101 01 7 0
101 21 01 1 0
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----- Final Results of Incompressible Model-----
Accuracy of Calculations: 1E-9

Q(2-20)
21.573462

Q(5-3)
4.552124

Q(35-32)
-1.446054

Q(40-39)
-0.194673

Q(85-89)
0.935029

Q(31-22)
-1.132517

Q(49-48)
-0.202256

Q(56-55)
-0.086044

delta(Q1)
-0.000000

delta(Q7)
0.000000

delta(Q13)
-0.000000

Q(20-13)
21.573462

Q(7-3)
3.942255

Q(32-85)
1.601972

Q(39-100)
1.251381

Q(55-89)
-0.270900

Q(22-73)
-0.625688

Q(64-48)
-0.256524

Q(55-52)
0.184856

delta(Q2)
-0.000000

delta(Q8)
-0.000000

delta(Q14)
0.000000

Q(13-11)
11.542405

Q(3-2)
8.494379

Q(35-38)
0.916762

Q(40-43)
-0.264107

Q(89-91)
0.664128

Q(22-59)
-0.506830

Q(51-64)
-0.238575

Q(101-31)
0.369143

delta(Q3)
-0.000000

delta(Q9)
-0.000000

Q(11-7)
8.494379

Q(13-14)
10.031056

Q(38-36)
-0.529293

Q(43-85)
-0.666943

Q(91-100)
0.664128

Q(59-56)
-0.086044

Q(51-49)
-0.202256

Q(100-101)
1.915509

delta(Q4)
-0.000000

delta(Q10)
-0.000000
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Q(14-2)
13.079083

Q(36-35)
-0.529293

Q(60-43)
-0.402836

Q(31-21)
1.501660

Q(59-60)
-0.420785

Q(52-51)
-0.440831

Q(101-21)
1546366

delta(Q5)
-0.000000

delta(Q11)
0.000000

Q(5-3)
4552124

Q(11-32)
3.048026

Q(39-38)
-1.446054

Q(60-64)
-0.017949

Q(21-14)
3.048026

Q(48-40)
-0.458781

Q(73-52)
-0.625688

delta(Q6)
-0.000000

delta(Q12)
-0.000000
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Num

Num

Num

Num

Num

Num

Num
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----- Total Results of Incompressible Model (Stage by Stage)-----

Q(1-2)
36.646620
Q(2-10)
14.188647
delta(Q1)
0.825652
Q(1-2)
29.002304
Q(2-10)
10.021736
delta(Q1)
-1.708591
Q(1-2)
27.877193
Q(2-10)
9.202185
delta(Q1)
0.150496
Q(1-2)
27.842153
Q(2-10)
9.171359
delta(Q1)
0.030265
Q(1-2)
27.842080
Q(2-10)
9.171336
delta(Q1)
0.000202
Q(1-2)
27.842080
Q(2-10)
9.171336
delta(Q1)
0.000000
Q(1-2)
27.842080
Q(2-10)
9.171336
delta(Q1)
0.000000

Accuracy of Calculations: 1.000000E-009

Q(2-5)
22.457972
Q(10-8)
-13.045146
delta(Q2)
4.951884
Q(2-5)
18.980568
Q(10-8)
-10.422037
delta(Q2)
-4.102565
Q(2-5)
18.675008
Q(10-8)
-10.041230
delta(Q2)
-0.522098
Q(2-5)
18.670794
Q(10-8)
-10.021883
delta(Q2)
-0.027296
Q(2-5)
18.670744
Q(10-8)
-10.021732
delta(Q2)
-0.000219
Q(2-5)
18.670744
Q(10-8)
-10.021732
delta(Q2)
-0.000000
Q(2-5)
18.670744
Q(10-8)
-10.021732
delta(Q2)
0.000000

Q(5-7)
12.475942
Q(10-23)
27.233793
delta(Q3)
34.915945
Q(5-7)
10.424660
Q(10-23)
20.443773
delta(Q3)
-6.954809
Q(5-7)
10.163611
Q(10-23)
19.243414
delta(Q3)
-0.611119
Q(5-7)
10.149963
Q(10-23)
19.193242
delta(Q3)
-0.008429
Q(5-7)
10.149853
Q(10-23)
19.193068
delta(Q3)
-0.000101
Q(5-7)
10.149853
Q(10-23)
19.193068
delta(Q3)
-0.000000
Q(5-7)
10.149853
Q(10-23)
19.193068
delta(Q3)
0.000000
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Q(7-8)
3.063116
Q(7-23)
9.412826
delta(Q4)
53.293239
Q(7-8)
1.866129
Q(7-23)
8.558530
delta(Q4)
-15.288631
Q(7-8)
1.529832
Q(7-23)
8.633779
delta(Q4)
-2.250222
Q(7-8)
1.501052
Q(7-23)
8.648911
delta(Q4)
-0.070080
Q(7-8)
1.500841
Q(7-23)
8.649012
delta(Q4)
-0.000146
Q(7-8)
1.500841
Q(7-23)
8.649012
delta(Q4)
-0.000000
Q(7-8)
1.500841
Q(7-23)
8.649012
delta(Q4)
0.000000

Q(8-5)
-9.982030
Q(23-24)
36.646620

Q(8-5)
-8.555908
Q(23-24)
29.002304

Q(8-5)
-8.511398
Q(23-24)
27.877193

Q(8-5)
-8.520831
Q(23-24)
27.842153

Q(8-5)
-8.520890
Q(23-24)
27.842080

Q(8-5)
-8.520890
Q(23-24)
27.842080

Q(8-5)
-8.520890
Q(23-24)
27.842080
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Q1=49.480202 m3/s Pus1=4241.675712 Pa P.1=1060.418928 Pa
w;=0.006818 kg/kg Cp=1005.209719 J/kgK  r;=1.119387 kg/m®
R;=288.221221 J/kgK Rn1=25.000000
----- Properties of Metabolik Heat-----

9=50.000000 kw Total Heat=50.000000 kw

----- Total Results of K-W Method (SI)-----
v1=7.000000 m/s V,=7.700000 m/s £,=30.000000 ¢
t,=33.000000 ¢ p1=97805.640625 Pa p,=107586.204688 Pa
0:=9.797401 m/s? 9,=9.800482 m/s’ w;=0.006818 kg/kg
w,=0.007499 kg/kg
e,=-9861.328761 J/kg e=5.181831J/kg  Ah,+Bh,=1692.652565 J/kg
£1,=35.477600 J/kg V,=7.700000 m/s  t,=35.477600 c
M=55.012450 kg/s k=1.226417 p,=108402.492141 Pa
r,=1.217099 kg/m? r;=1.119387 kg/m*®  v,=6.436807 m/s
W,=0.008955 kg/kg Rn2=26.6594 r;=1.111807 kg/m?®
r2=1.209086 kg/m* cp;=1005.209719 J/kgK
Cp2=1005.497255 J/kgK ry=1.158408 kg/m?
e,=-9868.453416 J/kg ex=-3.813597 J/kg  Ah,+Bh,=5255.815224 J/kg
f1,=35.486550 J/kg Vv,=6.436807 m/s  t,=35.486550 ¢
M=55.012450 kg/s k=1.257193 p,=108553.617145 Pa
r,=1.218761 kg/m® r=1.119387 kg/m*  v,=6.442894 m/s
w,=0.008955 kg/kg R1»=26.6833 r=1.111807 kg/m?®
r2=1.207943 kg/m® Cp1=1005.209719 J/kgK
Cp2=1005.497733 J/kgK r;=1.157883 kg/m®
e,=-9868.453169 J/kg ex=-3.774090 J/kg  Ah,+Bh,=5255.798005 J/kg
f1,=35.486511 J/kg V,=6.442894 m/s  1,=35.486511 ¢
M=55.012450 kg/s k=1.257210 p,=108552.903980 Pa
r,=1.218753 kg/m? r;=1.119387 kg/m*®  v,=6.442935 m/s
W,=0.008955 kg/kg Rn2=26.6832 r;=1.111807 kg/m?®
re2=1.207936 kg/m* Cp1=1005.209719 J/kgK
Cp2=1005.497731 J/kgK rd=1.157880 kg/m®
e,=-9868.453170 J/kg ex=-3.773824 J/kg  Ah,+Bh,=5255.798081 J/kg
f1,=35.486510 J/kg V,=6.442935 m/s  t,=35.486510 ¢
M=55.012450 kg/s k=1.257210 p,=108552.899174 Pa
r,=1.218753 kg/m* r=1.119387 kg/m*®*  v,=6.442935 m/s
w,=0.008955 kg/kg R1»=26.6832 r=1.111807 kg/m?®
r;=1.207936 kg/m® Cp1=1005.209719 J/kgK

Cp2=1005.497731 J/kgK rs=1.157880 kg/m*
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e,=-9868.453170 J/kg ex=-3.773822 J/kg  Ah,+Bh,=5255.798081 J/kg
f1,=35.486510 J/kg V,=6.442935 m/s  1,=35.486510 ¢
M=55.012450 kg/s k=1.257210 p2=108552.899141 Pa
r,=1.218753 kg/m* r;=1.119387 kg/m*®  v,=6.442935 m/s
w,=0.008955 kg/kg Rn,=26.6832 ra1=1.111807 kg/m®
ra2=1.207936 kg/m* Cp1=1005.209719 J/kgK

Cp2=1005.497731 J/kgK rs=1.157880 kg/m*

r=1.169070 kg/m3 R=288.404707 J/kgK v=6.721468 m/s

Ventilation Design laib|, aob » 31 Final Compressible 29,5 b b Y cavgn

O-F-¥ gicw Jlo 4 by o K-W g sl 2

v1=7.000000 m/s £,=30.000000 ¢ P,=97805.640625 Pa
V,=6.442935 m/s t,=35.486510 ¢ P,=108552.899141 Pa
0:=9.797401 m/s* w1=0.006818 kg/kg Rn1=25.000000
0,=9.800482 m/s’ w,=0.008955 kg/kg Rn2=26.6832
r;=1.119387 kg/m® rg:=1.111807 kg/m® rd=1.157880 kg/m®
r;=1.218753 kg/m® r2=1.207936 kg/m® M=55.012450 kg/s

cp1=1005.209719 J/kgK Cp2=1005.497731 J/kgK q=908.885 J/kg

V¥o
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Gas Molecular Gas Specific heats Isentropic
weight Constant index R/C,
M R=8314.36M | C, C~C,R = (y-
JIkgK (¢ vTVp 7=CPCV (}’ 1)/}'
JI(kgK)
air (dry) 28.966 287.04 1005 718.0 1.400 0.2856
water vapour 18.016 461.5 1884 1422 1.324 0.2450
nitrogen 28.015 296.8 1038 1412 1.400 0.2859
oxygen 32.000 259.8 916.9 657.1 1.395 0.2833
carbon dioxide 44.003 188.9 849.9 661.0 1.286 0.2223
carbon monoxide 28.01 296.8 1043 746.2 1.398 0.2846
methane 16.04 518.4 2219 1700 1.305 0.2336
helium 4.003 2077 5236 3159 1.658 0.3967
hydrogen 2.016 4124 14361 [ 10237 1.403 0.2872
argon 39.94 208.2 524.6 316.4 1.658 0.3968

Table [} Thermodynamic properties of gases at atmospheric pressures and a temperature of 26.7°C.

(1 09,5) LS (2loyS o) s 9 (F )l (26lwy A Cowgm

Thermal conductivity Geothermal step

e Wi(m°C) m/°C

Copper orebody (Montana) 08t01.1 131018
Copper orebody (Arizona) 1.3 22

Carboniferous 1.2t03.0 20to 50
Clays 1.8 30
Limestone 3.3 55

Sandstone 20t0 3.6 30to 60
Dolerite 2.0 33
Quartzite 40t07.0 6510120

Potash (low grade) 35t05.0 60 to 80
(high grade) 50t07.0 80to 120

Halite (low grade) 1.5t04.0 25t0 70
(high grade) 40t06.0 70 to 100

Table . Typical values of thermal conductivity and geothermal step for a range of rock types.

For air and water in the range 0 to 60°C (Hemp, 1985)

ks
K

2.2438 x 1074 708333
0.2083 + 1.335x10™° T

Wi(m°C)
W/(m°C)

where T = Absolute temperature (K)
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W/mC J/kgC m2/s 10-6
basalt 1.80 840 0.74
coal 0.33 1300 0.20
dunite 4.30 820 1.64
gabbro 2.10 800 0.97
gneiss 2.90 800 1.29
granite 3.00 790 1.41
limestone 1.30 840 0.64
magnetite 4.41 600 2.10
marble 2.60 880 1.18
potash 3.50 690 2:55
quartzite 5.25 800 2.43
quartzite 3.00 800 1.39
rock salt 4.48 880 2.04
sandstone 1.70 920 0.71
shale 1.23 850 0.55

Table D Metric Examples of Airway Rock Physical Parameters

\FY
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Copper Ore body 25 7.7 1.4 3.2
Carboniferous 2.0 5.0 1.1 2.7
Clays 3.3 3.3 1.8 1.8
Limestone 1.8 1.8 1.0 1.0
Sandstone 1.7 33 0.9 1.8
Dolerite 3.0 3.0 1.7 1.7
Quartzite 0.8 1.5 0.5 0.8
Potash Low Grade 1.3 1.7 0.7 0.9
Potash High Grade 0.8 1.3 0.5 0.7
Halite Low Grade 14 4.0 0.8 2.2
Halite High Grade 1.0 14 0.5 0.8

-t amoawm . o uw - " . s . ar Oy . . .
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912 | Thermodynamics

TABLE A-2

Ideal-gas specific heats of various common gases (Continued)

(b) At various temperatures

(8 c, Cp (13 e C
Jkg - K klkg-K Kk kikg - K klkg-K & kikg- K klkg-K Kk
Temperature,
K Air Carbon dioxide, CO, Carbon monoxide, CO
250 1.003 0.716 1401 | 0.791 0.602 1314 | 1.039 0.743  1.400
300 1.005 0.718 1400 | 0.846 0.657 1.288 | 1.040 0.744 1399
350 1.008 0.721 1.398 | 0.895 0.706  1.268 | 1.043 0.746  1.398
400 1.013 0.726 1.395 | 0.939 0.750  1.252 | 1.047 0.751  1.395
450 1.020 0.733 1.391 | 0978 0.790  1.239 | 1.054 0.757 1392
500 1.029 0.742 1.387 1.014 0.825  1.229 | 1.063 0.767  1.387
550 1.040 0.753 1.381 1.046 0.857 1.220 | 1.075 0.778  1.382
600 1.051 0.764 1.376 1.075 0.886  1.213 | 1.087 0.790 1.376
650 1.063 0.776 1.370 1.102 0.913  1.207 | 1.100 0.803 1.370
700 1.075 0.788 1.364 1.126 0.937 1.202 | 1.113 0.816 1.364
750 1.087 0.800 1.359 1.148 0.959  1.197 | 1.126 0.829 1.358
800 1.099 0.812 1.354 1.169 0.980  1.193 | 1.139 0.842  1.353
900 1.121 0.834 1.344 1.204 1.015 1.186 | 1.163 0.866  1.343
1000 1.142 0.855 1.336 1.234 1.045  1.181 | 1.185 0.888 1.335
Hydrogen, H, Nitrogen, N, Oxygen, 0,
250 14.051 9.927 1416 1.039 0.742 1400 | 0913 0.653  1.398
300 14.307 10.183 1.405 1.039 0.743  1.400 | 0918 0.658 139
350 14.427 10.302 1.400 1.041 0.744  1.399 | 0.928 0.668 1.389
400 14.476 10.352 1.398 1.044 0.747 1.397 | 0.941 0.681 1.382
450 14.501 10.377 1.398 1.049 0.752  1.395 | 0.956 0.696 1.373
500 14,513 10.389 1.397 1.056 0.759  1.391 | 0.972 0.712  1.365
550 14530  10.405 1.396 1.065 0.768  1.387 | 0.988 0.728  1.358
600 14.546 10.422 1.396 1.075 0.778  1.382 | 1.003 0.743  1.350
650 14,571 10.447 1.395 1.086 0.789 1376 | 1.017 0.758  1.343
700 14.604 10480 1.394 1.098 0.801 1.371 | 1.031 0771 1337
750 14.645 10.521 1.392 1.110 0.813  1.365 | 1.043 0.783 1332
800 14.695 10.570 1.390 1.121 0.825  1.360 | 1.054 0.794  1.327
900 14.822 10.698 1.385 1.145 0.849 1349 | 1.074 0.814 1319
1000 14.983 10.859  1.380 1.167 0.870  1.341 | 1.090 0.830 1313

Source: Kenneth Wark, Thermodynamics, 4th ed. (New York: McGraw-Hill, 1983), p. 783, Table A-4M. Originally published in Tables of Thermal
Properties of Gases, NBS Circular 564, 1955,

1¥a



o N A OO @

Vo

Pressure (inches of mercury) (29.92)
4 g8 122 16 20 284 28 |
™ mi
118
1116
Stratosphere |
Altitude (feet) : | 14
— 70,000 :
-
= z ° :
Subsonic a ; §
jet transport 1110 <
12-15 km - 50,000 g;
(7-9 mi) 'g; :
S—==="Tropopause |~ 40,0002
° 1
w'
ML Everest \ Girmys clouds | 30,000 ! |6
7 /‘ ) \ '8 :
Z)\\ 8848 m |
29,029 ft B!
; 2 - 20,000‘0: 4
Troposphere E 2
' 0
200 400 600 800 1000
Pressure (millibars) }

(1013.2)



a1 il 3 lilias! NP Cogm

International Standard
- 47 km - Atmosphere
(= ICAO Std Atm)

407
a=+28 Klkm .
Use this instead of

Anderson page 112!)

""""""""""" " 32km -

Watch out when using
lapse rate a,
it is often given per km,
but you should use SI-
units, so per m!

h [km] +1 K/km

"""""""""" ~ 20 km T=288.15K (15°C)
p, = 101325 Pa
T=const p = 1.225 kgm?

"""" G B A A (/B R = 287.05 J/kg K

\ g,= 9.81 m/s?

\ a=-6.5Kkm
(and no water vapour)
\ M = 28.97 gimol

0 S

10+

200 220 240 260 230 w0 T[K]
EE—— ing 71
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Standard atmosphere for the [Okm - 11km] range (troposphere)

NACA report 1235, eq.18:

derived from properties at sea level, with n = 5.2561 , and where H is the altitude in meters :

[Pa]

P = 101325 x (1-225569 x 107 xH) 2

The temperature are varying linearly in the troposphere (NACA1235, eq.13):
T=Ty-axH

where 2= 0.0065°C xm™ 1 is the troposphere lapse rate

Standard atmosphere for the [11km - 20km] range (stratosphere)

Once Tropopause (the boundary layer between the troposphere and the stratosphere) is passed, we reach the
stratosphere.

NACA report 1235, eq.30:

P Tp—aH'
log— =nx losz[O—]—B(H —~H
“Py - T

The temperatures in the stratosphere are considered constant and equal to Tropopause temperature T *:
T=T" =21666K

where T*, P " and H" are respectively the Temperature, Pressure and Altitude for Tropopause.

Vay
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FigureD Three dimensional heat flow.
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DSummary of procedure for calculating heat flux at dry surfaces

Before moving on to consider heat exchange at wet surfaces, it is convenient to summarize the
procedure for calculating the emission of strata heat across a dry surface and to illustrate that
procedure by a case study.

Calculation procedure for dry surface

1. Assemble the data:

airway dimensions (m) .

coefficient of friction, f (= Atkinson friction factor/0.6)

age of airway, t (seconds) .

airtlow Q (m’/s) .

mean dry bulb temperature of air, 85 ("C)
wet bulb temperature, 6,, (°C)
barometric pressure, P (Pa) .

rock thermal properties
thermal conductivity, k, (W/m°C)
density, p, (kg/m*)
specific heat, C, (J/kg °C)

diffusivity, a, = k—c (m?s)

virgin rock temperature, VRT (°C)

2. Determine derived parameters:

cross sectional area, A (m2)

perimeter of airway, per (m)

hydraulic mean diameter, d, = 4A/per (m)

effective radius, r; = per/(2m) (m)

Reynolds’ Number, Re. For the purposes of this procedure, Re may be calculated from the
approximation Re = 268 000 Q /per

moisture content of air, X (kg/kg dry air) (from Section 14.6)

mean radiation path length, L (m)

3. Determine the Nusselt Number, N, either from Figure 15.5 or from equation (15.22): i.e.

0.35f Re

N, =
Y 14+1592(15.2177Re®? - 1)/Re%'?

4. Determine the overall heat transfer coefficient, h:
(a) Convective heat transfer coefficient, h,

h, = 0.026 Nu WI/(m*C)
dp

where 0.026 W/(m°C) = thermal conductivity of air

N, k
h, = _“d a W/(m°C)
where
k. = thermal conductivity of air (2.2348 x 10™* T*®* W/(m°C) ), T being the
absolute temperature in degrees Kelvin)
and d = hydraulic mean diameter (m)

Vof
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(b) Effective radiative heat transfer coefficient, a, h,
h =22.68x10°(273.15+6,)°  W/(m*C)
Absorption fraction a, = 0.104 In(147 X L)
Effective radiative heat transfer coefficient = a; h,

(c)  Overall heat transfer coefficient,
h=h.+ayh, (W/m?°C)

5 Calculate Biot Number, B:

(dimensionless)

(dimensionless)

7. Determine dimensionless temperature gradient in the rock but at the surface, G, either from
Figure 15.4 or from Gibson's algorithm (Appendix A15.2).

8 Determine heat flux, q:
G 2
q = hE(VRT -6,) (W/m°)

9 . Calculate heat emission into airway:

g x per xlength of airway

1000 (W)

AT
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D Heat transfer at wet surfaces

The majority of underground openings have some degree of water evaporation or condensation
occurring on rock surfaces even if no liquid water is visible. The cooling effect of evaporation or
the heating effect of condensation on the rock surface will then result in a reduction or increase,
respectively, of the wall surface temperature. This, in turn, will modify the strata heat flow toward

that surface.

Figure 15.6 shows the heat balance that must exist for thermal equilibrium at the rock/air

interface.
Bws
Rock
Qsen
q

qc
Figure 15.6 The heat
balance at a wet surface.

airflow

g =9 +q,. Wm? (1529

where
q = strata heat flux (W/m?)
q. = latent heat transfer ~ (W/m?)
Qsen = SENSible heat transfer (W/m°)

In practice, any of these heat flows may be
positive or negative. Indeed, a common
Situation occurs when the wet surface
temperature, 8, is less than the dry bulb
temperature of the air, 8. In this case, sensible
heat will pass from the air to water on the rock
surface; g, must then accommodate the
combined values of ¢ and Qsep.

In order to prevent unnecessary repetition, we
shall assume evaporation in the following
analysis. The same logic applies for
condensation except that g, is negative.

Much of the theory pertaining to heat transfer at dry surfaces applies, also, to wet surfaces. In
particular, let us re-examine equation (15.21) which was derived for a dry surface.

G
gi= hCE(VRT-ed)

o
L

ref (15.21)

\OF
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Figure {T] Variation of Nusselt Number, N, with coefficient of friction, f, and Reynolds
Number, Re. (Based on air at 20 °C)
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Figure {__] These curves enable the dimensionless temperature gradient, G, in the rock at its surface to
be estimated for known Fourier and Biot Numbers.
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Gibson's algorithm for the numeric determination of dimensionless temperature gradient, G.

Enter « (rock diffusivity, m’/s)
t (age of airway, seconds)
r; (effectiveradius of airway = perimeter/(2m), metres)
k (thermal conductivity of rock, W/(m°C) ).

Then

F = at/r,? (Fourier Number)

= hr, Ik (BiotNumber)

x = logy,(F)

y = log,,(B)

¢ = x(0.000104x+0.000997)-0.001419

¢ = - {x[x(xc-0.046223)+0.315553]+0.006003}
d

d

8s]
|

y—(x(4x-34)-5)/120
- 0.949 +0.1expl-2.69035d?)

m = sqr|(y-c)® . (216+5x) 0.0725+o.o1tan-‘[ 2 )}
70 0.7048 |

n=(y+c-m)2
G =10"/d

AIAR
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Case Study
This case study illustrates not only the calculation procedure but also typical magnitudes of the

variables. The purpose of the exercise is to determine the strata heat that will flow into an
incremental length of dry airway. The stages of calculation are numbered to coincide with the
steps of the procedure given above.

1. Given data:
* airway dimensions
width = 3.5m, height=2.5m, length=20m
Atkinson friction factor (at p, = 1.2 kg/m®) = 0.014 kg/m®
i.e. coefficient of friction, f=0.014/0.6 = 0.0233 (dimensionless) .
* airway age = 3 months

e ?x 24 x 3600 = 7.884x10° seconds

e aiflow, Q=30m7s.
» dry bulb temperature in airway, 65 = 25 °C

+ from psychrometric data, the moisture content of the air has been determined to be
X =0.01 kg/kg dry air .

* rock thermal properties:
conductivity, k- = 4.5 (W/m°C)

density, p,= 2200 kg/m’

specific heat, C. =950 J/(kg°C)

diffusivity, a st o 2463.40% mk
2200 %950

virgin rock temperature, VRT = 42 °C

Heat flux

q- h% (VRT - 6,) = 829 0 (42-25) - 24 W

9.885 m

]

V5
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Example.
A 2000 m long conveyor transports 500 t/hr through a vertical lift of 200 m. If the conveyor motor
consumes 1000 kW at a combined motor/transmission efficiency of 90%, calculate the heat
emitted

(1) at the gearhead and

(2) along the length of the conveyor.

Solution.
Work done against gravity = mass flow x g x vertical lift
_ 2001000 91,200 = 2725x10° W or 2725 kW
60x 60
. (-
S S

1. Heat generated at gearhead = (100 - 90)% of 1000 kW = 100 kW
2 . Heat generated along length of conveyor = 1000 - 272.5 - 100 = 627.5 kW

S0 Ol 30 Lo S S| Al :¥F g

Example.

Two load-haul-dump vehicles consume 600 litres of diesel fuel in an 8 hour shift. Tests have
shown that water vapour is produced at a rate of 5 litres (liquid equivalent) per litre of fuel. If the
combustion efficiency is 95 per cent and the total calorific value of the fuel is 34 000 kJ/litre,
calculate the sensible and latent heat loads on the stope ventilation system.

Solution.
Total amount of heat produced from burning 600 x 0.95 litres of fuel

600 x 0.95 x 34 000
19.38 x 10° kJ in 8 hours

19.38x10°
8x60x60

= 673 kW

(This is equivalent to the continuous running of diesel machinery of rated output = 673/2.83 = 238 kW)

\ldl
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Example.

A mine produces 5 million litres of water per day, emitted at an average temperature of 42 °C.
When the water is delivered into the shaft sump for pumping to the surface, the water
temperature is 32 °C. Determine the heat load from the water on the mine ventilation system.

Solution.
Heat load = Mass flow x specific heat x drop in temperature
- SO0 M (e-s) 2o
24 x 60 x 60 1000
kg C c
S kg’C
35 8olre 390 o 31 o ,S JUS! Al Y8 Cawgus

Example.

Water flows at a rate of 60 litres per second along an open drainage channel that is 0.5 m wide
and 0.25 m deep. The channel is located in an airwa% of cross-sectional area 12 m’ and
perimeter 14 m, and which passes an airflow of 50 m*/s. Over a 10 m length of channel, the
following mean values are given:

water temperature, Bye = 32°C
air dry bulb temperature, 6 = 30°C
air wet bulb temperature, 6, = 25°C
barometric pressure, P = 112 kPa

The total heat gained by the air from the water is the sum of the sensible and latent heat
transfers,

q = 2378+0.161 = 2.539 kW.

\FY
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Example.
10 m™s of air enters a working district in a coal mine at an oxygen content of 21% by volume, and
leaves at 20.8%. Calculate the heat generated by oxidation assuming complete combustion.

Solution.
The equivalent volume flow of oxygen at entry = 0.21 x 10 = 2.1 m’/s

The equivalent volume flow of oxygen at exit = 0.208 x 10 = 2.08 m’/s
Taking the density of oxygen to be 1.3 kg/m” gives the oxygen depletion rate to be
(2.1-2.08) x1.3 = 0.026 kg/s

Heatproduced =  0.026 x 12 675 330 kW

o o .>|5.o)l-"=94|)| LO;JLQ.,;‘ AJluwo YA o gt

Example.

In a 2000 tonne blast, the charge density of ANFO is 0.8 kglt. It is estimated that 20% of the blast

heat will be removed within 1 h with the blasting fumes.

(1) Calculate the mean value of the rate of heat removed by the airflow during this hour.

(2) If the specific heat of the rock is 950 J/kg °C determine the average increase in temperature of
the rock due to blasting.

Solution:
1. Mass of explosive used = 2000x 0.8 = 1600kgANFO
Heat produced by ANFO = 3700 x 1600 = 5920000 kJ

Twenty per cent of this heat is removed in the blasting fumes over 1 hour.
Average rate of heat removal with blasting fumes

= 3320900 x 0.2 . = 329 kw

3600 s

VY
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Example.

Fragmented ore of specific heat 900 J/(kg°C) enters the top of an ore pass at a temperature of
35°C and at a rate of 500 tonnes per hour. At an elevation 200 m below, the ore is discharged
onto a conveyor and reaches the shaft bottom at a temperature of 32°C. Calculate the heat
transferred from the broken ore to the ventilation system over the length of the conveyor.

Solution.
From equation (15.54), temperature rise of the rock in the ore pass

_200x9.81 _ 218°C (assuming no heat transfer between the
- 900 - fragmented ore and the surrounding strata)

Temperature of rock at bottom of ore pass = 35+2.18=37.18°C

Mass flow of ore, m = it o I 1389 kgis

3600
Heat transfer to the airflow from ore on the conveyor (see equation (15.56))

mC(6,-6,) = 138.9x0.900x(37.18-32) = 647 kW

Fow g1 31 Lo )8 JUG! Allco ¥+ Camguy
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P, = 2450 Pa

Figure D Example network showing two meshes and Kirchhoff | applied at each junction.

The only practical solution is Q;

inspection of Figure

68.83 m’/s. The flows in all branches are then given from

AB 68.83 m’/s
BD 28.83
BC 40.00
AC 31.17
CcD 71.17

VPO
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Abstract

Ventilation design is essential for underground excavations such as mines. There
are several perspectives for designing of mines ventilation based on fluids analysis and
design method. Ventilation design based on fluids analysis is analyzed in two models of
incompressibility and compressibility. Also based on design method has been presented
two methods manual and computerize.

Air is considered as the main fluid in ventilation design of mines. The important
characteristics of this fluid are temperature and its density. Based on this, air fluid could
be analyzed in two models of incompressibility and compressibility. In the
incompressibility model, the values of air temperature and its density remain constant in
length of excavation. But in the compressibility model, these values are variable.

One of the methods of mine ventilation design in incompressibility model is
computerize method. The computerize method is based on approximate mathematical
methods. A number of approximate mathematical methods include Hardy Cross
method, Wang model of Hardy Cross, spatial model of Hardy Cross, conflation model
of Hardy Cross, Newtonian models of Hardy Cross, Wang model of Newton- Raphson
and Newton- Raphson with variable directions. Faster convergence to the final answer
is one of the main purposes of the above methods. Accordingly, in this research, the
above methods are investigated in different models of ventilation networks based on
faster convergence to the final answer and the results show that the conflation model of
the Hardy Cross and the Newton-Raphson with variable directions are more reliable.
Therefore, in this research, for converge faster to the final answer based on conflation
model of Hardy Cross method is presented a new method as the second conflation
Hardy Cross method. Also, in this research, for easier using of the Newton-Raphson
method with variable directions is presented a new method as the Newton-Raphson
method without derivative. Also, this research shows that Newtonian's methods have
weaknesses for ventilation networks with ventilators that their pressure is certain. Based

on this, three modified Newtonian methods are presented in this research.



For designing ventilation of mines in compressibility model is analyzed air fluid
in two models of dry and wet. Due to changes in temperature and density of air in
length of excavation, the expressed equations in compressibility model are related to the
interpretation of the outlet air characteristics such as temperature, specific gravity,
velocity, pressure and humidity in per length of excavation. For interpreting of the dry
air model should be solved a nonlinear equation. Based on mathematical science is
easily calculated its final answer. But For interpreting of the wet air model should be
solved two nonlinear equations. For solving these equations are proposed approximate
mathematical methods. Accordingly, in this research is presented three new methods for
easier interpreting of compressible model. Their names are delta method, K method and
K-W method. In delta and K methods are assumed vaporization rate of water vapor is
certain. But in K-W method is assumed vaporization rate is uncertain.

Also, in this research for reducing errors and increase the accuracy of calculations
in mine ventilation design in two models of incompressibility and compressibility is
presented a computer program under Windows with name’s “Ventilation Design” in

environment of Visual C++ 6.
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