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摘要 本文在现有海底热流探针制作技术条件下,首先建立了脉冲式双探针海底测量单元的有限元数值模型,模拟获得多组参数下的温

度-时间数据,作为“实测”数据,再用脉冲加热有限长线热源(PFLS)模型求解待测介质热导率及其相对误差上限(REλ­UL),并以REλ­UL
最小为原则,对双探针热流计的结构进行优化.结果表明:(1)在不同探针脉冲强度(q)、温度测量误差(ΔTm)和探针长度(L)组合下,都存

在最佳探针间距(Best_r),使得REλ­UL降到最低;(2)随着q增大或ΔTm减小,Best_r逐渐增大;(3)当q、ΔTm及探针半径(a)都给定

时,Best_r与探针长度(L)呈线性正相关;(4)当a=1.0 mm,且q、ΔTm分别取为628.0~1100.0 J·m­1、0.5~1.0 mK,若L在
20.0~42.0 mm之间时,则Best_r在18.0~30.0 mm之间,此时介质热导率相对误差上限可控制在5.5%以内,同时测量温度可在6 min

内达到最大值,即脉冲加热开始后,温度测量只需约7 min,便可满足介质热导率的求解,这比目前常用的Lister型热流计所需海底测量时

间缩短8 min左右.
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Abstract： This paper aims to optimize the probe structure for dual-probe seafloor heat flow meter. Firstly, with 

a constructed finite element model for seafloor pulsing dual-probe, a series of temperature-time data, which are 

used as the “observed” data, can be obtained by giving different probe structures and thermal properties. Then, 
we calculated medium thermal conductivity and its corresponding maximum relative error (REλ­UL) by using Pulsed 

Finite Line Source (PFLS) model, and optimize the probe structure in which REλ­UL is minimized. Finally, we 

optimized dual-probe structure with the now available manufacture technique of seafloor heat flow probe. Our 

results show that: (1) under each distinct combination of probe heat pulse strength (q), temperature 
measurement error (ΔTm) and probe length (L), there must be a best probe spacing (Best_r ), at that position, 

REλ­UL is least; (2) Best_r can be accordingly increased with q increasing or ΔTm decreasing; (3) when q,ΔTm and 

probe radius (a) are given, there is a significant linear positive correlation between Best_rand L; (4) when a is 1.0 

mm, q is from 628.0~1100.0 J·m­1,ΔTm is from 0.5 mK to 1.0 mK, and L is from 20.0 mm to 42.0 mm, Best_r 
ranges from 18.0 mm to 30.0 mm. In this case, the maximum relative error in medium thermal conductivity is within 

5.5%, meanwhile, it reaches the maximum measurement temperature within 6 minutes, which means that the 

temperature measurement just needs about 7 minutes to calculate medium thermal conductivity after the 

beginning of pulse heating, which is about 8 minutes shorter than that of the Lister-type heat flow meter. 
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