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ABSTRACT

This research was conducted to analyze the effects of temperature on coking characteristics of
kerosene. The kerosene was heated to 600 K, 700 K, and 800 K, and the cooled samples were
collected. The used copper tubes were replaced according to the temperature conditions. The
liquid and copper specimens were analyzed by gas chromatography - mass spectrometry and
scanning electron microscopy equipped with an energy dispersive x-ray spectrometer, respectively.
The results of the analysis confirmed that a carbon deposit was formed from the coking of fuel
on the inner surface of the copper specimen at a relatively high temperature (800 K) of the

copper tube.
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of W= 7 L"AA FFHoZ AEHL A 74 w2 AYETA e A/ A
ZzHRAoH, A A& U= 18 2 1A Hrh

T LOxy/ &3l 4A 72 RD-120 ¥ RD-170 WAAdE fFEYse ds57F 22 o3
I 22 2lAoke] Kerosene/LOx Z=H|o]A] A4 oo FHNA BAJHE(ZZZ, coke)s
Adolth, A4nkgo] AHEEHE FAAE EE9 PAst=AEs FH(coking)olet ot ©EFai
AstA7Y dagles ddFAYG A5/ A AE A AR7F JHES A 225 JEdA
g FEste odFIAR FEHT o] F o] (coking limit)2} s}™, YANEE T4 A=
AFAA ZANNLE dIFKA ] wls) F H o 2E=ERY JuIAZAY 2&EF coking
9 e 2 F ol B2 tF=AAx margin®| 2} T} Fig. 1ol& gubH AARS
AGHIL Aok A F&HL U= olLFIA WAAE e e gilriA dund I
ZAdR O T = LH,/LOx, Kerosene/LOx, Al 9 coking margin®] Bl F o] i LA
MMH/NTO, UDMH/NTO %°] i, AAA ARES & el ddFS FAHstd d4a
9 FdErFg F& s AZNE ARE HE FaAA Adx A2 ¥ 225 S
st el go] AHEHETH1-3]. FA= =A 710 AR A8 &4E oblstd A
AR ALAoA ] AAaREgoR 9] Jl2E S F2E 5 Aok o8 o], A Aol
FAsL =& Tl WMiEHcH, 1 FANA A3 AFE I FoAeR A8 HHF Azt
5 9 dAY HYEE 58 =2 dHd9s T ARk olzt 18E& dusr|E st
gratA EHol 2AANY o - F2F &l fF EZAAR, 2=aAA, AR AJA 2o A o] F
A "ok 39 22 &S BAE] 8 oA HH5-9].

A Y 7 (regenerative), &YW 7 (dump), = ¥ Wang 5[10] HAAZS RP-3& 650C°]st
HAEYZ(film and transpiration), A}FhdZ} oA 208 7tEE AAHdE ZaAXY FE& A
(ablative), HARdZ(radiative), S|E 7 F(heat gk v 9o, Edward S[11] ohds AF=Z
sink) 59 Aol ALHT. o] FoA A IEE TgEANA Jet-A9] FEN Aol o
Zte BAAEd S B d44 BHYY 2EE W g Rastth ol#d AR dEME ALY
T WARANA I dE FIUA A T ZIrE 25, 48, 54H T uge |
g Y02 2 da5&3 I= g ¢ TEY FFS oA HEEZ AAYAAE 2A
s 7 of o3k FaFo] e ojoF star FAT

T e ZHol An olgk HE Al ol &
o, A==t £ FEl(copper)E olHII ¥ 54 &40 a9
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Fig. 1 Coolant heating and margin to coking4]. Fig. 2 Schematic of experimental setup.



48

73 (Scanning Electron Microscope, SEM)= ©| &%t
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72T FATET FaE9e] AR g@alrad dne] IREAY EAS 9T 4
834 AH8E + Utk 3, A Z2nE A= 9] MF=E Fig 20 Jepith 234
T 9)-AFEAH(Gas Chromatography - Mass A= FFE, JMER, $F%F Id3 xYE=E
Spectrometry, GC-MS)& f71E<] :L‘jlEk A4 T4E Ut} FFHEE ARE MERE o)F
o2 474l wiste] r=rh 453 ek A A717] $1%k BEZ9} purged AABIARZ FAH
o] lo] tiFHor ARgShE EA oItk o 7FEHE 600 W] W E3]E|(Global LabAl,
£ dFelds A8 2Akstr] s IN-HTAPE-01)¢} At =42 + U= ﬁEE
Qe E FEF Yol AR «l 25 e A 3, Rz AALE HAasslr] Y3 AL
ZA@Ao] tste] SEM-EDS E49 3 GC-MSE =7F oF 1300C WstdEA, 18 %ﬁzﬁé
AYor o my %5}7‘—1— A ARE A & BASHE 1/4%1F) FEI#OR FAEY. &5
e 2 ARG AAJAA Jhed sy e 7EEY O FHE 225 Y4FE 74
Jd ZAEA FHIL rzdHolHE FRaz Hol 1202 7" d8E wWE Al ¥
g, ZNA ZFHZ o] FAZITL
Table 1. Operation condition of GC-MS. # Yo olFd % ZAAE AAZS Q) o
Model GCMS-QP2010 Ultra ifi% & (iso-propanol, CSHSS) G} o] A
Column 30 m x 025 mm(LD) 71 F(deionized waten)& AL, Ao 7H
Carrier gas He ste] o] & wjEstAth =S JIFHFZE o] &
. sto] i F 2B ALY WHEE 20 Torrd
te:llif;t;‘t’zre 280.00C AU FASA
A89 25+ AlE R AX"E 3719
lection about 0.2 4L Ktype QAU W 33 FYRolAq F4 5
_ - I, 58 992 HFLEE ey BER L=
Oven éj::lctjzil) = %, 4459 ol 9md fos uRs
temperature o EX25s AR A5 HEIAE <Y
Final temp. 300 2 600 KHE 700 K, 800 K& tho2 skt
Table 2. Alkane in Kerosene.
Composition (area fraction (%))
Case Octane | Nonane | Decane | Undecane |Dodecane| Tridecane | Tetradecane | Pentadecane
(C8) C9) | (c10) | (C11) (C12) (C13) (C14) (C15)
[i:r};e;fj 408 | 1717 | 2031 | 1867 15.24 12.58 8.35 3.61
600K 3.41 16.07 20.64 19.62 15.68 13.02 8.26 3.31
A -16% -6% 2% 5% 3% 3% -1% -8%
700K 2.78 14.9 20.31 19.58 16.12 13.63 8.95 3.73
A -32% -13% 0% 5% 6% 8% 7% 3%
800K 3.46 16.08 19.92 18.78 15.7 13.22 8.93 3.91
A -15% -6% -2% 1% 3% 5% 7% 8%
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Fig. 3 Chromatogram profile of kerosene (a) unheated kerosene and (b) heated to 800 K.
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Fig 4. Scanning electron microscopy images of
copper samples.
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Table 3. Elemental quantitative data representative of

copper sample.
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Element
(a) (b) (©
Carbon, C - 15.64 39.21
Oxygen, O 496  7.03 7.98 I 2
Sulfur, S - 0 0.18 (@) unheated copper sample
Copper, Cu 95.04 77.33 52.64
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Fig. 5 EDS spectrum representatives of copper

samples.
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