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A new equipment for deep-sea geothermal gradient measurement (FY2)

LI Jiawei', CHEN Jie?, XU Xing', PAN Feiru’>, LUO Xianhu', YU Xingin', LUO Xinheng®
1. Guangzhou Marine Geological Survey, Guangzhou 51076, China

2. Zhuhai Taide Enterprise Co.Ltd., Zhuhai 519082, China

Abstract: The seabed geothermal research has become a common component of integrated marine geological survey nowadays and high
requirements are raised to the technical performance of instruments for seabed measurement. Based on the FY1, the self-contained miniature
temperature measurement recorder independently developed by Guangzhou Marine Geological Survey, a new type of self-contained miniature
temperature measurement recorder, FY?2 in abbreviation, was developed after summarization of previous practicce data and survey experiences.
In order to verify the performance of the FY2, efforts have been devoted to the instrument calibration and the comparison of the FY2 to the FY1
in laboratories under a constant temperature flume as well as in the deep water area on the northern slope of the South China Sea. Results show
that the resolution of the FY2 is higher than 0.0001 °C, and the precision is higher than £0.0015 °C. The seabed geothermal flow value of the
measuring point is 78 mW/m?; indicating an excellent performance of the new equipment. The new equipment also has high efficiency, and may
provide strong technical support for the research of seabed geothermal flow.
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Fig.1 Installation instruction diagram for FY2 probe

a. photo of flying fish probe, b. photo of fixed wing, c. schematic diagram of flying fish probe installed on gravity cylinder sampler.
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Fig.2 Electronic circuit block diagram & PCB board picture for FY2 probe

a. FY2 probe electronic circuit block diagram, b.FY2 probe PCB board picture.
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Table I Comparison table of Probe technical performance before and after upgrade
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Table 2 Temperature measurement errors for FY'1 and FY2 probes at each standard temperature point after calibration

FY1 (R55)
F5 o bRikiREE/C

FY2 (R%1%5)

06101 06123 0001 0002 0003 0005 0006 0007 0008
1 0.0051 0.0020 0.0030 0.000629 0.001469 0.000982 0.000842 0.001246 0.000 640 0.000970
2 5.0028 0.0024 0.0026 —0.001144  -0.000822  —0.000820 0.000163 —0.000538  -0.001117  —0.000537
3 10.0040 0.0026 0.0019 —0.000470 0.000550 0.000 666 —0.000332  -0.000564  —0.000185  —0.000203
4 15.0038 0.0023 0.0029 —0.000115 0.000402 0.000416 0.000464 —0.000210 0.000320 0.000 125
5 20.0028 —0.0017 0.0014 —0.000064  —0.000001  —0.000030 0.000406 0.000087 —0.000008 0.000174
6 24.9953 0.0029 0.0018 0.000202 0.000821 0.000685 0.000544 0.000005 0.000455 0.000464
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Fig.4 Schematic location map of the testing area
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Fig.5 The temperature-time curve of the FY1 probe and FY2 probe inserted into the seabed sediment for three times

The red curve in the figure is the data collected by the FY1 probe, the blue curve is that by the FY2 probe,

and the green represents Inclinometer acquisition data.
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Table 3 Comparison of temperature indication changes of FY'1 and FY2 probes in the experiment
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03:32:24 5.0047 03:32:24 5.0033
03:32:34 5.0044 03:32:34 5.0034
03:32:44 5.0049 03:32:44 5.0035
03:32:54 5.0051 03:32:54 5.0036
03 :33:04 5.0057 03:33:04 5.0036
03:33:14 5.0049 03:33:14 5.0035

07249 :01 3.3913 07249 :01 3.3669
07 249 02 3.3911 07 249102 3.3669
07 :49:03 3.3919 07 :49:03 3.3670
07 14904 3.3915 07 49 04 3.3671
07 249 :05 3.3911 07 249105 3.3671
07 49 106 3.3918 07 : 49 06 3.3672
07 : 49 107 3.3913 07 49 07 3.3672
07 149108 3.3915 07 249 108 3.3672
07 49 :09 3.3916 07 149109 3.3673
07 :49:10 3.3914 07 :49:10 3.3672

i A TR EHT.
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Table 4 The formula and data table for calculating the temperature gradient by linear fitting temperature-distance when inserting for three times

FY2 T

FY1+FY2 FY1
WE AR ¥=0.087 8x+3.2294
R 0.9975 0.9983
PLHLIEARE C/m 87.8 86.0
FOHLIRARE C/m 88.8 87.0
MEAR ¥=0.091x+3.2329
R 0.9971 0.9957
P IR C/m 91.0 90.1
FHLR AR L C/m 92.7 91.8
WE AN ¥=0.088 7x+3.2146
R 0.9978 0.9963
PLHLIEARE C/m 88.7 88.1
FLHBIRBAFE C/m 89.5 88.9

Y=0.086x+3.2302

Y=0.090 1x+3.2329

Y=0.088 1x+3.2126

Y=0.0907x+3.2276

0.9995
FEAE NS 7°
90.7
91.8

¥=0.0919x+3.2323

0.9993
B2UAHANBIR L 11.0°
91.9
93.6

¥=0.088 4x+3.2155
0.9999 A
BIVAEN, WIRET. T
88.4

89.2

MY S 347 Hb YiE BR BE R 90.342.1 °C/km, #H 4K ¥ 5K )
DU TR 0.86 W/(m-k) ™, V6 IS Hb 7L 1H ly
78 mW/ m?,

34—
] R*=0.9975
R*=0.9995
3.6 ‘
R2=0.9983
3.5 —
o
~
= i
ui|
3.4
E 1
®  FYIZUPRENIR L S
3.3 | A FY2 RS RET I 1
------ FY 1R ERER I A 400 & il 25
------ FY2RURAT I 400 & b 2%

FY1+FY2 IR BRI pi A0 & it 28
SHE T I T T T T T ‘ T I

0 1 2 3 4 5
PR H] 2 /m
Ko 31 ENERIFTHE IR TR d, FY1 R
FFY2 e & B MR &, IR BE 2 M
MERFR

Fig.6 In the process of inserting into the seabed for the first time

and calculating the geothermal gradient, the temperature points
measured by the FY'1 probe and the FY2 probe respectively, and

the linear fitting relationship between temperature

and probe distance

4.4 EOFAK
PO HOR TR AR T AL AR I A 2

] A BHE AL S B AR o XV e S B0 A A g
PR A R SO R BOR B0 25 R R, Y
PIALEREF Y LA 1 s SR (] BR SR 4E 5000 A 7L B2 45 4
I, FY1 R 81 20 132 BOE 4 °F ¥ AT B 104.59 s, T
FY2 B 20 132 A [R) 250 19~ 3 TR 7.92 s,
J AR IO B LR A BT

FF UGS TSRS 18, FY 1, FY2 B3l
AR T2 3k B2 5 40 21 U T3 A R . X Fp
BT HAAE FY1 242Kk - TAEM FY2 il g
PR T e o SR, E FY 1 RETF & At
WY, R R E R AL R O A L
Hb (R R bR RS48S 2 M S B B4 58 TR, 76 B AN die 52
B, dEAREE CRRAIR T 325 W, 38 1 RE 3 iR A
RO ARTFHRIG I FY2 3545 % F T bR e B2k o
LA AR, BEE TR AL B F X, 5L
FEACR A Y USB B4 H 11, FY 1 #4F i AR bR
Vv il TRAS AR POk BB 2, T FY2 B 258
AR T, 51T 5L 18] (4 38 TR A I

L ik AR 00 A XS L R T AR A i X6 e
AL EE LRI, S B FY2 BREHE FY 1 R4 1E
L T 43 AR I v A R PR M R R M i
FEA T IR T O HOR f ek, 75 FY2 45
Bt B A 2 B R, TR AR

5 45t

ST Ri A EVFR M FYLRE B AR T LR
2, XA E R BEAT T I, R TR B Y
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FY2 ¥REF o 7 55 50 % 8 T /K Al 1 g T G 350 i B IR
UG, A3 % FY 1 A1 FY2 P 23 4 T < e R 7K
R T B RN ORI RS E A SR, S
iR Bon, O5 FY1HREHH E, FY2 B 78 1R D
W HER R R TAERCR GRS AR A
KA RGLISATHINFRE ; QFY2 #5509 58 iR 4% 1 Jr
15 34 F AL R flA BT, B L
HRE TR, M R i QFY2 SR A BOR MR fE A i
AR AR T TR FY T 3R 4 @FY2 B 4243
HEEAL T 0.0001 °C, W& 6 E LT £0.0015 C,
el 5 S(19.928°N. 115.914°E) fY ¥ JiE P4 37 15 N
78 mW/ m’, SE I 45 B R R A B o PR
e R BB LA B e A %) 00 S B T 1 AR A R SRR B U
JEE P AR I 5 AF 5 408 B 1A Y B A
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