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Abstract: With the increasing depth of the oil and gas well and the increasing of geothermal drilling, the problem of
high temperature drilling fluid is becoming more and more prominent. In the drilling process, it is very necessary to
timely cool drilling fluid and make it reach the appropriate temperature for safety drilling. This paper summarizes the
cooling ways and characteristics of the current frequently-used high temperature drilling fluid. In regard to the
energy-saving characteristics of air cooling and the advantage of high cooling efficiency of the coolant with forced
cooling, a high efficient cooling system for high temperature mud is put forward. The air cooler and the tube and shell
heat exchanger in the cooling system are designed, checked and simulated, and the reliability of the design is also
verified. As a result, the high temperature drilling fluid at 80 °C and 1800 L./min can be cooled below 40 “C using the
cooling system. At the same time, the cooling effect at different drilling fluid temperature, different drilling fluid flow
rate and different air temperature conditions is also discussed.
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Fig.1 High temperature drilling fluid cooling system
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Table 1 Drilling fluid process parameters
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Fig.2 Structure of the air cooler and tube distribution
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Rating / Checking OutSide Tube Side
Total mass flow rate Iz#aEERS kg/h 120000 29700
Vapor mass Sifggis kg/h 120000 120000 0 0
Liquid mass miEEERE kg/h 0 0 29700 29700
Vapour mass quality 1 1 0 0
Temperature EE(AQ/#HA) He 20 45.63 80 55
Dew point / Bubble point temperatures e
Humidity ratio
Operating pressure T (AQ/80) kPa / kPa 101.326 101.326 1000 955.294
Film coefficients &z W/(m2-K) 7959 281
Fouling resistance wisss m2-K/W 0.00017 0.0005
Velocity (highest) &z izs(An/mn) m/s 4.66 / 5.07 0.56 / 0.56
Pressure drop (allow./calc.) Epe(s i/t s kPa / kPa 0.2 7 0.129 50 / 44.706
Total heat exchanged &% & kw 862.2 Bay per unit g/ex 1 Tube OD ®#st& 25 mm
Overall bare coef. (dirty/clean) £tz W/(m2-K) 180.8 / 2057 |Bundles/bay wxe 1 Tube tks ®EFE 25 mm
Effective MTD #s¥iaz e 34.66 Tubes/bundle &s/&3% 344 Tube length ®&&E 6 m
Effective surface (bare tube) #&ER(x#) m? 151.2 Rows deep s 8 Fin OD siks& 50 mm
Effective surface (total) &a@(2) m?2 2632.3 Tube passes g#2s 8 Fin tks sIxERE 04 mm
Area ratio: ac qui 1.1 Fans/bay mins/s 2 Fin frequency s 5 %/m 433 #/m
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Fig.3 Check results of the air cooler
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Table 4 Design process conditions of cold and hot fluid

for the shell and tube heat exchanger
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Table 5 Design results of the shell and tube heat exchanger
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Fig.4 Structure and distribution of heat exchange tubes

Rating / Checking Shell Side 712 Tube Side &2

Total mass flow rate Eg#= kg/h AQ 59400 #Ho PN:| 90000 WO
Vapor mass flow rate (In/Out) sime#s kg/h 0 0 0 0
Liquid mass flow rate #EE®e kg/h 59400 59400 90000 90000
Vapor mass fraction 0 0 0 0
Temperatures ;g e 55 40 10 19.86
Bubble / Dew point G / / / 7
Operating Pressures T{gfE7 kPa 1000 989.555 1000 987.12
Film coefficient Bz W/(m2-K) 1567.5 3748

Fouling resistance 51 7% m2-K/W 0.0004 0.00022

Velocity (highest) &7z m/s 0.33 115

Pressure drop (allow./calc) Enms(hitastsm  kPa 35 / 10.445 35 / 12.88
Total heat exchanged 2##E kW 1034.6 Unit #igs%8 BES 2 pass 1ser 1 par
Overall clean coeff. (plain/finned) fs# &8 W/(m2-K) | 1054.8=5/ Shell size R  500w#Ez) 4000m mm Hor
Overall dirty coeff. (plain/finned) #&#zs W/(m2-K) [ 639.6 ws/ Tubes Plain

Effective area (plain/finned) #usnmER m?2 561 |/ Insert None

Effective MTD &xTHiE%E e 31.72 No. #4888 248 OD#& 19 TkszzE2 mm
Actual/Required area ratio (dirty/clean)smmnsamusn 11@m/  1.81#n| Patternszisz 45 Gemas” #31)  Pitch&0E 25 mm
Vibration problem (HTFS) i#&zhisl & No Baffles#i## Double segmental®@st®) Cut(%d) 25.25(181%)
RhoV2 problem pv2id& No Total cost 31117  Dollar(US)
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Fig.5 Check results of the shell and tube heat exchanger

Shell Side Flow Fractions Inlet Middle Outlet Diameter Clearance
mm

Crossflow (B stream) 0.89 0.82 0.89

Window (B+C+F stream) 0.96 0.87 0.96

Baffle hole - tube OD (A stream) 0.01 0.04 0.01 0.79

Baffle OD - shell ID (E stream) 0.03 0.09 0.03 3.18

Shell ID - bundle OTL (C stream) 0.07 0.05 0.07 12.7

Pass lanes (F stream) 0 0 0

El6 sy
Fig.6 Flow Analysis
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Fig.7 Temperature distribution of drilling fluid in the

heat exchange tube of the air cooler
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Fig.8 Temperature distribution of cooling water and

drilling fluid at the shell side of the shell heat exchanger
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Fig.9 Outlet temperature of different cooling system at

different drilling fluid inlet temperature
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Fig.10 Cooling effect of different cooling system at

different drilling fluid inlet temperature

3.3 N[BT & T REHY S HACR

Sbras Ay B B R U 2 B T
LA TR T A, DAL Ik Xk A ] A4 Bl 9 O X v
MAGRV HRE T BEAT B . AE 20 “C Al A1 B
H W R S 80 “CRYZRF T, Bl AR Bl L A (9 T
L R GV B 0 B WO B T R, =R
v A g A e U B RS Y IR B A AR [ R AR (TR



55 50 555 34

LB e M B R R 0 A R G BT S BT 5 113

11) o Y55 W A 4 1500 L/min i, 28 % 3 48
R EE O 50.3 °C 48 7 3k TR 0 1 IR B
34.1°C, R HEAT & A4x, v] 3 I el s S H AR R A
Fe A B | BRI ¥ HILAL Ty 3 S5 48 it 0 /L BE E ; B
BT RO BE TR S B O i 3K 3 2100 L/min
BF B R J G IR EE A B T 41.41 °C, B & A g
T R B3R, Y Bl I I IR #2400 L/min B g5
WA H A B IR R 3] T 44.20 °C, R #E AT 38 1 R B
AR Bl R B Ao i B SR R A i O 4 = e A

&b
He o

80~ 4 A A
B R
0L TR ARG
O
60+
‘%( ./
Jul
Ea 50 | \
ARG
40 - N
s
30 L L L |
1500 1800 2100 2400

iR R/ (L e min™)
E11 AEHHABERETARLHNRFHEEE
Fig.11 Outlet temperature of different cooling system at

different dilling fluid flow rate
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Fig.12 Cooling effect of different cooling system at

different drilling fluid flow rate
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Fig.13 Outlet temperature of different cooling system at

different air temperatures.
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Fig.14 Cooling effect of different cooling system at

different air temperature
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