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DS-DEHs with three different helical pitches

the effect of mass flow rate on the heating rate is greater than that of
heating power. Forced convection heat transfer is the major heat transfer mode in heater
shell-side, and the contribution of shell-side radiant heat transfer mainly depends on the
helical pitch, then on the heating power and mass flow rate. Additionally, the heat loss
generated by heater shell is mainly dissipated in the form of radiation. The
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where acceleration of gravity,
inematic viscosity ambient air, respectively

thermal radiation emissivity of the heater shell, which can be found in
Table 4;

thermal radiation emissivity of heating rod and heater shell

The heat loss relative error of heater shell  between theoretical  and
experimental is defined as:

based on the principle of heat balance.
The theoretical calculation of heat loss by heater shell appears to agree reasonably well
with the experimental data with a deviation of 3.87%.
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and decomposition-activation energy of oil shale around heating well
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DS-DEH is lower than that of SS-DEH, leading to higher DS-
DEH. Compared with the PDS-DEH, the air absorbs more heat in outer shell-pass of
CDS-DEH, and the h

PDS-DEH. Additionally, it is
discovered that in the same heater type,

regression parameters
presented in Table 7, the maximal heating rod temperature can be obtained. Therefore,
the heating parameters of downhole heater can be adjusted to maintain the heating rod
within a safe temperature range.



 mass flow rate and heating power

S-DEH> SS-DEH (DS-DEH is 1.03-1.70 times more than that of SS-DEH). The
analysis shows that the shell-side air absorbs heat from the surface of the heating rod in
two ways: forced convection and thermal radiation. Forced convection is the major heat
transfer mode of heater shell-side. Heat transfer enhancement of heater shell-side is
related to the helical pitch of continuous helical baffles. Although the heat transfer in
shell-side is mainly forced convection, the contribution of radiation increases with the
increase of helical pitch. Compared with SS-DEH, the air of DS-DEH is heated in the
outer and inner shell-passes in sequence, therefore, the convection heat transfer
temperature difference is lower in DS-DEH, hence, less heat is absorbed by the shell-
side air in the form of convective heat transfer. Based on the above results, to increase
the lifespan of downhole heaters, the contribution of radiant heat transfer in the shell-
side should be as small as possible, so the continuous helical baffles with small helical
pitch should be used.

S-DEH> CDS-DEH> PDS-DEH ( DS-
DEH and PDS-DEH

S-DEH S-DEH is the largest, whereas the
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the higher is the outlet temperature, SS-DEH. In in situ
oil shale exploitations, the outlet temperature of downhole heater is higher than 400
and the SS-DEH will be much lower than the .

Forced convection heat
transfer is the major heat transfer mode in heater shell-side. As the helical pitch and
heating power increase, and the mass flow rate decreases, the contribution of shell-side
radiant heat transfer increases.

 heater shell temperatures of 54.10%-71.83% and
63.72%-75.37%
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