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Heating Technology and Heat Transfer Simulation for Qil Shale
of In-situ Pyrolysis by Fracturing and Nitrogen Injection
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Abstract: A new method for the in-situ conversion of oil shale was introduced i. e. , oil shale in-
situ pyrolysis technique by fracturing and nitrogen injection. Electrical heater was put into the
heating well and nitrogen was then pumped into the well. As a result, the oil shale layer was
pyrolyzed by heated nitrogen. The advantages of the proposed method and the suitable layers were
also introduced in comparison with traditional electrical heating and convective heating, and a
computer simulation was done for the heating process of nitrogen. The parameters of the heater
were optimized and it was confirmed that the length of the electrical heater was 30 m and the heat
flux was 11 kW/m’. Finally, based on the suitable thin oil shale layers, it was verified by the
computer simulation that the heating time is 80 days under the condition that the distance of the
heating well and the production well is 15 m while the thickness of the oil shale layer is 1.5 m.
Obviously, the time is shortened compared with traditional electrical heating or convective
heating.
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Fig. 1 Heating technology for oil shale of in-situ
pyrolysis by fracturing and nitrogen injection
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Table 1 Parameters of stratum and nitrogen
E 24 HUH
)28/ (g-cm ™) 1 800
HE b (T-kg K ™") 2100
WESREH/(W-m-K™") 1.1
HZ Vs IR E, K 300
RAAEBRE/(m*-h ') 90
RAFERE/ (kg-s™) 0. 034
REVIHERE/K 295
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Fig. 5 Temperature distribution of nitrogen when
heated by the heater of 50 m
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Fig. 2 3-dimensional numerical simulation model

0o L ES UG I TR 2 T 6.

ili ANSYS FLUENT #3547 S (B A 1, 00
VEPE HL AR K 2 Bk 5, 10,20, 30,40 F M 650
S0 m, TS HOHGR  RE E h 8 kW/m?, e g 600
JIERT I BT 24y W 3.8,7.5,15.1,22.1,30. 1 §_550-
1377 kW. R ARSI LA T THE ] ] jllj_; 500}
WEAE N 24 h RT3 AR LR 25 1 O ‘{é 450}
HITRE = B B 3 ~ B 5 4300 R in#as K 5,30 E 400}
;F[] 50 m B‘J*ﬁ*ﬂé&: . 350 L L L L L
0 10 20 30 40 50 60
1.%03103 HLINAEK E /m
I s 6 FEKEMABMA 4 ERATREHLE
. gi Fig. 6 Curve of nitrogen temperature when heated
g gi for 24 h by heater with different lengths
7-695t
730t S T AR 4 30 m B Skt
§3§3§$ % 3500 8,9,10,11 F112 kW/m® , FERIEAT [ £
if Len ; BAUL AR R FARRR A Ty AT THE T R) %
§$§§xi R 24 b, AR SO LA BRSO
00e+ TE = B BT ~ B8 43l g PR 2 By 10
3 5mEMAEMARSERENHEE 12 kW/m’ i OB 25 5L (8 kW/m* IR = &1 Rif
Fig. 3 Temperature distribution of nitrogen when HE 20 1)
oA .

heated by the heater of 5 m

(XX XXX e XX e XX eXeXoXe X e N )
trttttttttttttt

et
et
e+

phe
€

00e+ 7 HRZEAN 10 kW/m® BIMARERSK

4 30 mKMABMARSERESHAE _ RE=E
Fig. 4 Temperature distribution of nitrogen when heated Fig. 7 Temperature distribution of nitrogen when heated

by the heater of 30 m by heater in the heat flux of 10 kW/m?
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Fig. 9 Curve of nitrogen temperature when heated
for 24 h by heater in different heat fluxes
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Fig. 10 Model for oil shale layer when heated by
nitrogen
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Fig. 11 Temperature distribution of oil shale when
heated for 10 days
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Fig. 12 Temperature distribution of oil shale when
heated for 40 days
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Fig. 13 Temperature distribution of oil shale when
heated for 80 days
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