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The Study of the Multilayer Composite Materials Applied for the
Thermo Insulation to the Building's Roof
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Abstract

This paper aims to investigate the roof concrete building materials for insulation
effect, using different admixtures: lightweight aggregate (large / medium / small),
phase change materials, foam, insulation paint, testing 25cm * 25cm * 2.5cm the
square specimens, single-sided approach to simulate sunlight heating heat conduction
tests. Heat conduction equation, and seek concrete thermal conductivity and heat
transmission rate, so take advantage of this result with the Building Research Institute
under the Ministry of the Interior "Building Technical Code - Green Building papers'
specifications, we find that in addition to pure mud is greater than this value, add the
remaining different admixtures of concrete bricks can help reduce the indoor
temperature. Experimental results show that adding different admixtures can increase
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the thermal resistance of concrete.

Keyword: Concrete ~ Foam concrete ~ Lightweight aggregate ~ Phase Change material
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Abstract

The objective of this study is to analyze the spray characteristics of ultrasonic
droplets generator coupled with air-guidance devices. The experiments are conducted
using a self-developed droplets generator manufactured by PMC. The droplets are
injected into the atmosphere and are measured using laser-based imaging technique.
Based on results, the droplets spray is altered due to the air-guidance device. With
increasing the flowrate of liquid, the spray velocity and the droplet size are also
increased. The measured spray characteristics in different conditions can suitably
provide bases for the modifications of ultrasonic droplets generator and air-guidance
device and fesibility verification for applitions.

Keywords: ultrasonic spray generator, wet coating, air-guidance
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Abstract.

News related to car fires are frequently encountered nowadays. Among the
various causes of fire, electrical breakdown and human factors are some of the most
common ones. Current work simulates car fires using FDS and then analyzes its
corresponding smoke flow patterns. The fires are assumed to start in the engine room,
the back seat chair, the dashboard, or the rear compartment. A more in-depth
discussion has been presented to explore the main parameters, such as the location
that catches fire and its heat release rate. Simulation results show that where the fire
starts grealy influences the distribution of the plume and smoke propagation. If fires
start in the engine room, the fire would spread relatively slowly. In contrast, when
fires start in the car cabin, the temperature will rise quickly. If fires start in the rear
compartment, the fires will gradually extinguish before they spread into the cabin.

?Jﬁ g‘ﬁiﬁilﬁ_‘?_:"fﬁi#
FPHAFHEIE L T
PP Fs 47 % > %3 (Email:jcleong@npust.edu.tw)

HEHE
ERPRE
RN
R R

24



Keywords: car, fire, smoke flow, FDS, computational fluid dynamics

|
<.
o

W
y

EF PR AES PP AT B AFBT RFS SRy R TR e R
FERAFI TR DRI E od BEA ST D R RARR AR 2P K
i f“ﬁ%tiirs Boo Flpt o B e Y £ 4 ﬁ*‘w‘iﬁiﬁ%ﬁ"é SRR
ST M AP SR o 2 VD g FIE FIL A m*ﬂ*‘k‘% PR
ERE SV BRI AAEEEAZFE G M Mo BRI R R DR
Bl A N E R TR AR o BB, — T B s L H s
FAFFLART B A A [ T RLEK APy L m"%”%i
R FoRrr - & #5500 A #3008 U X Ap b B Ag[1] o it E KA E AL
F R E R AP A BB F I TRAFE L 2B

B 1994 & > Tessmer[2]%F % - 32 » 47 ¢ HL4E B stﬁaﬁﬁ,_i B A
HBREZEFZHIBPVAER - HAAHIEREH N Y R g2
AR RN EREATD R rﬂ&lﬁl’}‘m/ BN AR KA R > A T E Rk s
Bl A PR TR e R AR ALY LR R RS A
—J« T 2 —%’i’f"%ﬁﬁﬁ’*%;ayl,&\iiﬁo iE 2 A EpE R e en L A# > Jones

[4]l+_20074zé;¥fa%— ﬁ%;ziwmzi@agq THCAE L kR e ztfﬁ
L% o &7 > Cheong % * [5]R]41* FDS(Fire Dynamics Simulator)fic#t b & 7
FoP ARl FIFAP M % o B P % j&_Runehamar sk T1 v 7 Eﬁjéﬁ\
R Mkl FDS P @& % g AR e

BRI REDNELRE T OFENRTHRDIFEFFY ALy HREE
M TR o BRI R R T fEE N A G IR G o FP A 2 P oehf
g FDS RPOR T 2 e g 2 L A AR c BERRE > AP
BT RLR D fRAS N SERE 2 E R B SRR 2 W e B o

\pgt"—%;g;-ﬂj%

A< 12 Toyota Camry & # 7 %+ % > £ % B & Tmx4mx5m > @
W g 5 604 800(140><80><54) Blid xtfﬁ %ﬁi"'} EPFRERE o BT S A
ﬁ/‘b.—f%'a’%ﬁ ﬂﬁfg‘wgﬂﬂélﬁﬁtfgaﬁaﬁiiﬁpx‘i“;a/}?fi‘

NEF SRR B ’i ¢ RARWMIL AT EFHABI AV REE A
SIEE -2 Rap o R RN E RS Bl 27T o I PR R
% 1#r > @78 H 38R d upholstery ~ sheet metal ~ rubber ~ glass ~ plastic
e

25



(@) 3 & T A LR

pro =)

(C) ek A dndz ViR (d) &+ fade ViR
B2 Viki=g

1L ViR T

Lihig AR e 3 fe i RARAR L B

w4 Plastic Upholstery Plastic Plastic

B3 5 AV BhenF S g i @] o 450 F)F] 100 F) 20 BF 5 X A R Ak 5 i 4
bR ZEE ] o Pl 100 Fts o ARG BALAEE S  BHFE L 80 o 215
LHFF R B FREL100 508 > VEBAE#E 3 B0 400 F5 18 0 #
P R R EBRE T k2 F| 1000 §)pF X ?ﬁ%&ﬁiiﬁ‘ N SR A R/
Wd o e W F. Fe BR AT H B e A[6]e AP o FIEF R REKIME (S

Erfadet BB RS FREL LOMW A B EHHFRAZ VRIS 1MW -

26



1600 3R T - ikl -
T fidex

TTHERX

(E=) #RRFE

00
BEE (%)

B3 % E

v 2 FDS ¢ 52 5 - IB’? E A3e- £ CFD 2 #4ud8 » x4 # 3t
’%w LTS st-%ﬁa[579] £ DI RGNS EIE> ) P —lsz'a‘%;;J_F”r.’ ]
P B F’“‘ S %&hﬂﬂ%ﬁwﬁﬁww TRk R S R R A D R
zi%#ﬂ%“"“"ﬁ‘* FDS 2L -4 & @ Heihr] $ 8k g‘g@j\ﬁﬁ.,—rqﬁj_
ABREERE R CEREZ LGRS E R Y o R
ME Mo TR FHE S A B E RN SR B Nz /%Ei"
AT &[] :

P v (pU)=0 (1)
ot
p{%ﬂu V)u }+Vp=pg+f+V~r (2
0 Dp _ .- R
CpgﬂpTﬁW%UﬁU)—EE:q +V-kVT =V-g* +> V-hpDVY, (3)
0
-aQﬂJ+V¢mU=vaNn+m 4)
d MR A LT K A N(2)Y Rk 4 R p?;‘ﬁ‘g} TN B
Y, RT
pn
! ()

1% 48 LES(Large Eddy Simulation) » V.7 B 2 Smagorinsky[10] 453 %3+ & -
— 2|7l &
7, =—2p(CsA)"[S]S; (6)
#¢ > Cg % Smagorinsky ¥ #ic > [P E &k & o @ S¥ % T g ¢

S]=/25,8, 7)

27



_ ou.
Sij 1 au L4 ®)
2 ax OX;
i A A B IFLER S 5 LA CFD R ki 0 A
gD ke % 4§ HAE[5,11-12] o At b Bl AR 7 E* FDS ki 7
LR R =

d 5 NISTH % FDS e B3 L4 % 2 - B2 H Py “TU AT ER® 2 F
B eEE5 S Hudt e i m% EAT BB R AE N EGE S F i * FDS
R B s 2 L L ) 0 T Y EH VR F L fiAel i § o

() s1&F 4=t

7

S T D T A BB E A RS SR E A LT DR
R Lo Tt A G HEF I R AU PE LS Rt B R R
&Qm’%m4WT°Pi,30&@’&%%§2$mm§ e B RUE
2 AR S RIIEFE 2 o P 60 #5PF 0 DR FIRES nB BB B R
2k} F«A»U"?i ﬁ.bfi'l” Bap o frRELSIFEFRANY AR RER G o B
120 #jp > BT EISE N R T AR e A E -0 R BN TR =
VR E R R Lt ez F R RV RS o d ATE R 4 150°C 3] 300°C
Z B p R AL TR T 300 VHEES IFFHREAL S
A7 E 300°C » "V # s B4 Eﬁ%Wﬁiﬁ%&ﬁod%ﬁgv%§4ﬁ%“%?’ﬁé
2EMGE B ap L SED TR R R 2ED SRR I A: ST R
7450 Fp 0 MR U A B s > BRI B ek S ﬁ*wﬁ\ L
PR EAE D] Gk RS T A F ATV L eh T 3 KBS
FRE AT A AT N FERAR AL Y F AR BT TE S A fi’aﬁ‘u CTEREE
B i 400°C > 7 4L 51 RS o A2k 600 1 0 BE AR hak S T %
W& é@ﬁ*%@w“%’*4wkf”ﬁﬁﬁﬁ%ﬂfﬁ%,7£§ié§$
i 600°C 12} o 57 Ofuxmmf/ Ve o F AT Tde o B R A
& 900°C > T 8tk B g s ﬁ*"ifzﬁtxaw therg SR R 1 o & 1000
FRE o A= R T m};%;‘é;;xf cRIEFE RN LA e mingh s e d AL e A T
DB R T B e Y EGRFIFFE R o H LR R LR BIR % o
PpES B Ty POEA T EILE A E -

-l

)

o

~=h +~‘

p_

~

28



Terap

1000

ann

00

600

400

300

200

(g) t=750 #) (h) t =900 #; (i) t = 1000 #;
B4 51 FzAVEEREZ VIGELAG

29



(b) % B Rk

RFFr s Emend A ME e d N pd K- B IRE o HY o E

A SERAEF § BRTABER A BE A RA L o b0 - xS a g

¥ ARSCE RS FEH o LR DR FSIRILE R B FT D
5w

&
o

AR g b RS S S BRG 7 g A2 UL o ML B HCER R 4R AR
PR 5 5B AN R e B R IRAS L ST IR AT 2 R R A T e
£ OﬂdGOﬁiﬁ’ﬁ%éﬁﬂﬁmg'ﬂgﬂé@%ﬁﬁT%éia
- KRR ’EJ“~Hﬁ%EﬁﬁE%$—¢; 2120 #5pF > B fa b > R E L
SRE S LR Bl FEARFE200°C 37 180 fpF 0 VEP AR S 0 F R
AR TR R AT 2B ERY VR zq‘Lym)ii e (5473 350°C- & 300 #) F
g .i&ﬁuug-k SRS B RaE A R e SR ARl - L BRI 3
FFA2RE O VRFEIER © AZHE 600°C 0 F o R AP RIEE o A 450 4 pF
Y-SRI 15 S A ’«’L#ﬂ*'ifk’ R i o gt R R T

700°C ™2 b > G5 GE S RS T ST F S MR SR e d 200
RASBR G- A GRS g0 3R wm¢ﬂi?4ﬂ*°pt 600

FiE 750 FypE > L EIFF R AR AR A 8 E 2 H 3 A24% 900°C - e Bl 5(h)#r
Ao TR R 2R o 5 000 585 0 LA BB S et

BB R o

(C) & Aaifs e X

WATHE PG TR R A AT F - ?&f@$ oot @RI R
Ae LT do H 2R RT3 R 6 ¢ o fdel 30 7f/'1$7 v B g e ‘.:q_ﬂlﬁL,E TR
e ﬁkrs SR R NIV RE R o £ 30 fyfe 0 L w e Gu %f]’]‘{j‘?"&tT}:ﬁ_i g
SR o P PFEL R RIE A BB R 9 150°C e Bl 120 fypE o L &Fﬂu‘%’.}i

S GAZIB 1 350°C 4IRS T A 2 RS o & 180 4 - \@%%

B fa7E 208 &bwﬁﬁs’ﬁ'#ﬁmm% B BT R A K T oﬂ?B%
PP LG ] B Y SRS IR AT Lk
AL AER AL 5% B Rp AT R R RTINS B R
iR e 450 )R B AAAS L SR VBB RIS 0 L B R IR L 2 B o G R
T R g B e R S R A 400°Ce Lt pEe a0 d g
o F SR AL i RS A RS KR TS kR
PO e el B00 £)75 0 A VA F VA WIS R P T AR 0 2
B R 3N GRARS MU o 750 455 1000 £y B o0 2B A s Ao A
ARG BT RING T PR R R B

‘?‘

A~
AN

30



(h) t=750 #; (i) t =900 #;
B 5 RekA=VISERZ VIGREA G

31

Terap

1000

600

700

600

500

400

300

200

100



(@) t=30 %) (b)t=60 %) (c) t=120 # -

300

200

(g) t= 600 #) (h) t=750 ) (i) t=900 4
W6 @& hdel (SRR 2 LGELA G

F17 4% 280 f5ts > bt ddeitd v 2 Ro £ 4G F - B 7Q@Q)% R4
lEF A VP, FIZIEF RN EE T F S A2 ,%,fl,’(y?ip\%giﬁ&,ﬁ e E A

32



LSRN e IS VBAS RES BT f e Linb e sl F RN LS
TR e A e S FET RS MG IR TS b L f AR
NHFTRRIFETOLFERT GPHAF W 0)E Sl b e T
el EgES BB R B TRT SRR I RO R o d A
*#@ﬁ%%i*ﬁ—ﬁ$@iﬁ’éiw*m@’@w%&mnggi@
MO BMETFVRAFIE CFREY - G e dEF o AT FRAERE TR
G RE B AR

SVEF 3 e 450 7575 » o 1 B()7 oif P31 B R 5 bt ] o e B A

50 A F i‘ﬁﬁ“m%“’fsxﬂ*%\{{,,.ﬁ 4 o 31 EH % ¢ s BRIk 3‘;;@.?‘&@, e g%
ﬂ'? Bloi ¥ (7o ® *&%’J’(i”ﬂb E‘J’J‘/ﬁ 3> Flm 1w ‘1\’%1“@;}%" ,);\ Bom td &k
68 PR B 6450 £ 15+ SR BO)T £ FIF1E B N LI X2 mah o

,.i m,fém ks )il’b-ﬁi“k * 12\5]??]1\ m/fém S‘Efb o by I é’f’FFlP\ M_H_Fr TiliT
?J— 1\%‘“@:}“},@ gLL El"?:—lz}iro

@ @172 (b) 15 A H Ao
F17 2280 /s et b b fdc b2 i@ R 24

@ #1FL A (b) 6 1 4y de
18 A 450 45 P51 B 3 Az L & 18 Hde b 2 f il kiR

33



(A) 14 fidet

-GBSV AT B R AP - BRe S ek gl R B R AN
PR B g S B ol W e T B NS B P Ae U RS R 8 A 4T o
3P OPRER ALK 'i?% Plactic - ﬂ OB THREEF AL VE T FREREA S 2T
e BTz 28 RIS AN ICI SV 73:= I i I U R ":ﬁ?"\’%’ BR AT E o

L8

AzU B0 Fjfs - AR B 2 L SARBKEOA G o Lk m*“#ﬁ
F\ °1«LLB?’:F4}35\}\/}57$E/BJ§#§E’J "/n.)fi“f{]; 95C’fp° .__L l807f ’
BT R R ABERESF G T L RS RV F Y 3 RS A B

%gﬁﬂﬁﬁﬁaqhuﬁwﬁw%ramuﬁmoﬁﬁgkwwhm P B T
140°C 2+« BB 120 f)pF » v H e AR T EBELH A EEAFERAS ¢ &
¥ 200°C - e & > L 150 4516 > OB R A BRIV EREF AR BAR C EH 4T

00 Ron VA B R AR o D0 600 f 18 0 VIRBALR > Ve 2 1

Raepd ap g EF L5 E P qq\}f BT BALR G B AT F TR Sl
G- B PRI ERIMEFIRE R BB oi;ﬂe# Bdd S R
FoRP R F BRAS B F P VR AT G A R T R
P FPL A A0 F0 0 RN ELE F R OVERBILE 2 2

iF*&ﬁ%?FDS%ﬁﬁﬁiEW*Q% R BR A
Y FERREZFA ook L L EA S EF AL e VR TG R D
wﬁm%mﬁﬁﬁﬁﬁﬂﬁﬁﬁ0%%£*%ﬁ*ﬁ%ﬁ’*ﬁmgﬂf
°fﬁ#’ﬂ%aﬂa~k"’:ﬁ“%’ RERCLES T ERCIE G B S SR R L
ZHAFIBFEA -En P ENARELIF AL ECE PR A
MR o d RIS A B L AR RS T R BREE C FR A HP AR
FrR2EGURFIHRESS X ADTET KB SR HT 0
FEmpER IR > b - L F A R AR L L AT B e A
PEPRL R PSR R T e 4 o

W

9

v

(I
.B ~
=
'\:r};

ﬁk\' 3
SHe

>

N~

S

o
PR “:‘f A e
o
[}
m

s

o

34



Terap

270

245 I

220

195

170

145

@t=0% (b) t=60 #, (Qt:wOﬁf

120

950

700

450

200

(©)t=300 7 (¢) =450 7 (f) t=600 7
Bl Ob (4 % 45 fiAs V5B R 2 LRI A

= \2;—1;'-‘@)?;-

Digges KH, Gann RG, Grayson SJ, Hirschler MM, Lyon RE, Purser DA,
Quintiere JG, Stephenson RR, Tewarson A. Human survivability in motor vehicle
fires. Fire Mater. 2008; 32: 249-258.

Tessmer J. “An analysis of fires in passenger cars, light trucks, and vans”,
National Highway Traffic Safety Adminstration, Washington DC, 1994.
HAA~IHR “A2LNXPFE " P AEERE %235 %64
% 596-599 F - 2004 -

Jones JC, Noonan T, Riordan MC. An examination of vehicle fires according to
scaling rules. International Journal on Engineering Performance-Based Fire

35



10.

11.

12.

Codes 2007; 9(3): 111-117.

Cheong MK, Spearpoint MJ, Fleischmann CM. Calibrating an FDS simulation of
goods vehicle fire growth in a tunnel using the Runehamar fire experiment. J. of
Fire Prot. Eng. 2009; 19(3):177-196.

Karlsson B, Quintierre JG. “Enclosure Fire Dynamics” CRC Press, 2000.
McGrattan K, Forney G. “Fire Dynamics Simulator User’s Guide”, Version 4,
NIST Special Publication 1019, 2004.

McGrattan K. “Fire Dynamics Simulator Technical Reference Guide”, Version 4,
NIST Special Publication 1018, 2004.

Rehm RG, Baum HR. The equations of motion of thermally driven buoyant flows.
Journal of Research 1978; 83: 297-308.

Smagorinsky J. General circulation experiments with the primitive equations. I.
The basic experiment. Mon. Weather Rev. 1963; 91: 99-164.

Hu LH, Huo R, Peng W, Chow WK, Yang, RX. On the maximum smoke
temperature under the ceiling in tunnel fires. Tunn. Undergr. Sp. Tech. 2006;
21(6): 650-655.

Hadjisophocleous G, Jia Q. Comparison of FDS prediction of smoke movement
in a 10-storey building with experimental data. Fire Tech. 2009; 45: 163-177.

36



EHETT R EKERL S

Iron Ore Sintering Experiment and Numerical Model
Development

LES-SNEE 5
Chin-Feng Chen, Sheng-Yen Hsu
Bz L FisRasgifeg k

Department of Mechanical and Elector-Mechanical Engineering, National Sun
Yat-Sen University, Kaohsiung, Taiwan

Forogs s g
Yi-Sung Huang, Ying Tsou
¢RI AR G L P ATH AL B e
Department of New Materials Research & Development, China Steel Corporation,
Kaohsiung, Taiwan
&

BHELLIRBEUAEY T LHF2 - > He 77 REF R PR S
PHATR ARG FRERG o AFL P hI RS B (DI
G O P IRLF e *+ﬂ %win% eiT R RE R F TR R 2 By MR BB
ATE - Sk s (Q)F 2 - S BB > f & R ARUTRRIZADM S
o RIERESEL AV ifi i gt e B KRR R SR - A
fRUES I % o 3 IR TSP

FHRABERPMNZF S T EPRUBAPZMBRE VESPEEN ZFRR 2
FrEBEP LA BRIANE AT T F 200 UEERI BN AREI FE R
TRz R R A ko TR-E RIS % l‘ﬁf}“ﬁ&ﬁ’ Fy MR NIV
FRAAEGE 2 Gl MBS BT R FE TR BT ES A2
R EREARY ER BB E TR GRS NFEF ERE I R R
FoolmE RYVEAGIELRWUARY DR E KR RIERPEEEIER T PER
(1300°C~1400C) ; @ B p ek A € B EF DG AFF > T THRE
HFHAE R GREZESHEAP LR DTEZ ABRL o

T LA B SREST RS ko R EAy M
2ok B RS T 1 A2 S % > 8418 %42 > E-mail: syhsu@mail. nsysu. edu. tw
34 K] 4f% 45 7 r,},\JF xqé\;;‘f%,ﬁ,} ,gzr}?)—it&_‘ ,g:r;tﬂﬁ
R U P RTHE S A TR

37



FPET LT A SR R LR ks hE P R R
FEREMBREESRIHBF IR RS EFR KL pR£T gy A
AR P R R P 2 2 50-60C 2t B F S EREEEEP 2

RS U R

M4EF @ BERE - BHES SRR ITHA T ERER

Abstract.

Iron ore sintering is one of the important steps in the Iron making process,
including combustion reaction, phase chane, and the heat transfer and mass transfer in
the porous media. This study is mainly divided into two parts, experimental
measurement and numerical simulation: (1) The experimental measurement part is to
use the existing sinter cup to extract the experimental data, and the data are used in
the parameter correction and the verification of the numerical results. (2)The
numerical simulation part is to establish a sintering numerical model, corresponding
the experimental setup. The model parameters and results are adjusted and compared
with the measured data to make the simulation reliable. In the end, this numerical
models is used to predict the effect of several parameters to further understand the
sintering phenomena and improve the sintering technology.

This experiment includes the bulk density measurements of raw material after
the granulation process, the temperature variation inside the sinter bed, the inlet air
flow speed and pressure drop of the sintering cup in the sintering process. In addition,
the air flow speed and pressure drop at different height are also measured at room
temperature for the coarse litter, fine litter and sintering raw material. The measured
data is processed by linear regression methods to find the pressure loss coefficients of
the porous medium inside the model.

This numerical model considers the conservations of mass, momentum, energy
and species. The heat and mass transfer in the sintering process includes the water
evaporation and condensation and fine coke combustion heat release. The coke
combustion heat release is the main heat source in the sintering process, heating the
sinter bed to the desired temperature (1200°C~1400°C). Water in the sinter bed is
evaporated by absorbing heat at the leading edge of the high temperature area, and
condensed by releasing heat in the downstream low temperature area, which is also

the significant phenomenon inside the sinter bed.
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This study shows this model can successfully simulate the fine coke combustion,
water evaporation and condensation and the movement of high temperature sinter area
in sinter bed. Simulation shows the phase change of waterl cause the temperature
quickly rise to 50-60°C in the dowsteram. This simulation shows the good
consistency in the temperature variation between the simulation result and the
measured data.

Keywords: numerical model, iron ore sinter, sinter process, porous media, sinter
simulation
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d(;/pv) dp d ( ] dv
= — (u— [+ S, 3.2

ot (ypV) Ty Tay| 3 Fay | 3.2)
3w AN
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An Investigation into the Cooling Performance of Cigar cooler
installed in Blast Furnace
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Abstract.

The cooling water inside the copper stave of blast furnace will leak out because of the persistent
erosion of burden materials and gas motion.  Since it might result in the explosion of blast furnace,
two usual countermeasures are applied to fix the cooling performance the blast furnace. One was to
insert a flexible tube into the original cooling pipe, and the other was to insert cigar coolers in stave.
In the present paper, the effects of number and position of cigar coolers, cooling water velocity and
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furnace temperature on the cooling performance is numerically studied. The results show that the
cooler can effectively lower the temperature of cooper stave wall, and the area ranges from the
cooler inlet to 0.3m alone. Moreover, compare the cooling performance of original cooling method,
insert the flexible method and the 24 cigar coolers, the original cooling method is best and the cigar
cooler is not so effective than the other two methods. Increasing the temperature of blast furnace,
the difference of capability between three types of cooler is more noticeable.

Keywords: blast furnace, cooper stave, cigar cooler
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