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Development of Coiled Tubing Jet Tools with Multi-Hole Nozzles and

Cleaning Parameter Optimization

ZHAO Jin', ZHAO Xing’, CAI Peng’, PENG Qi', RAO Jiaqi’

(1. School of Mechanical Engineering, Yangtze University, Jingzhou, Hubei, 434023, China; 2. Chengdu North Petroleum
Exploration and Development Technology Co. Ltd., Chengdu, Sichuan, 610501, China; 3. Zhanjiang Branch of CNOOC Safety &
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Beijing, 102206, China; 5. Huanging Oil Production Plant, PetroChina Yumen Oilfield Company, Qingyang, Gansu, 735019, China)

Abstract: To solve the problem of poor cleaning effects caused by incorrect matching of coiled tubing (CT) sizes
with nozzle jet parameters and pumper parameters, the influences of jet velocities, nozzle diameters, number of nozzles,
movement velocities, and scale removers on tubing cleaning effects were studied through laboratory experiments by
simulating the matching relationship among CTs, nozzle combinations, and hydraulic parameters of pumpers. Based on
the analysis results, a new type of multi-hole jet cleaning tool was designed, and the parameters of which were
optimized. The research shows that under the condition that the string is safe, and the space in the tubing is large, the
CT with a large size can be selected to reduce the friction in the tubing and increase the flow return velocity. For the
scale removing of ¢73 mm tubing with the well depth of less than 3 000 m, the optimal construction displacement can be
obtained by selecting a $50.8 mm CT,a pumper plunger diameter of 114.3 mm, a pump speed of 90 min ', and a power of
580 kW. For the scale removing of tubing in Qigequan Oilfield, clean water was mixed with hydrochloric acid of 5% and a
scale remover of 1%, the jet scale removing tool was equipped with five $3.5 mm nozzles. In that case, the construction
displacement is 550—600 L/min, and the movement velocity is 5 m/min. The results shows a good scale removing effect. CT
jet scale removing technology is safe, environmentally friendly, and pollution-free, it has a great prospect for broad
application.

Key words: coiled tubing; water jet cleaning; rotary jet; jet tool; parameter optimization; cleaning efficiency
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Table 1 Hydraulic parameter calculation results of different CTs
Az /mm P42 /mm Het/(Lomin ') 123 18] Bi/mm 22/ (mes ) B PEERH/MPa 123 2 fH/MPa
60.3 51.4 1100 0.85 2.58 41.60 3.91
50.8 41.9 650 5.60 1.48 43.10 1.52
44.5 35.6 420 8.75 0.96 42.90 0.69
38.1 29.2 250 11.95 0.57 43.70 0.27
31.8 229 130 15.10 0.30 43.20 0.08
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Fig.1 CT size optimization
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Fig.2 Relationship between pressure drop and displace-
ment of different nozzle combinations
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Fig.3 Relationship between jet velocity and displacement
of different nozzle combinations
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Table 2 Pumper performance parameters

ARV ZE R ) HE AN
HEIEH A 90/min 150/min 200/min 250/min 300/min

o R R T SR IR SR R R R
(L-min") MPa (L'min ") MPa (L-min") MPa (L'min") MPa (L-min") MPa

953 391 80 652 62.10 869 46.60 1086 37.30 1303 31.10
101.6 445 70 741 54.70 988 41.00 1236 32.80 1483 27.30
1143 563 55 938 43.20 1251 32.40 1564 25.90 1876 21.60
127.0 695 45 1158 35.00 1544 26.20 1931 21.00 2317 17.50

i AT kW 580 750 750 750 750
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Fig.4 Structure of rotary jet tool
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Fig.5 Experimental flow of jet scale removing
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Table 3 Influence of different jet velocities on cleaning ef-

fect
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Fig.6 Influence of different jet velocities on tubing clean-
ing
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Table 4 Comparison of cleaning effect with different
nozzle diameters and numberss
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Fig.7 Original scale sample
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Fig.8 Cleaning effect with water
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Fig.9 Cleaning effect with scale remover
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Table S Influence of movement velocities on cleaning ef-

fect
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