Determination of the minimum lengths of �Syphons & other cooling extensions for field Instruments�(by J.J. Jacq)





Introduction��It is common practice, when fitting a gauge or transmitter to a hot process stream, to thermally isolate the sensor from the process by a piece of pipe or tube to ensure that the temperature at the sensor is not excessive. In the case of steam or hot condensing vapours, this tube is fitted with a syphon or pig-tail to avoid the escape of condensate from the tube. In which case only the flooded section is effective.�The problem facing the instrument engineer is to choose the length of this pipe correctly. Too short a length will lead to excessive temperature at the instrument, too long a length will lead to an installation prone to mechanical damage (the syphons being for the most part unsupported and , when mounted horizontally, acting as excellent ladder rungs). The usual approach is to pick a length and hope for the best. �The following article proposes a method of calculation which will remove the guesswork out of selecting the length (and may also help you keep the dreaded QA auditors at bay).�
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Analysis of a cooling tube of uniform cross section��Do 	= Cooling tube external diameter�Di 	= Cooling tube internal diameter �( 	= � EMBED Equation.2  ����To 	= Process fluid temperature�Ta 	= Ambient temperature�T(x) 	= Temperature at x�k 	= Thermal conductivity of the metal�h 	= Heat transfer coefficient of the tube to the air�L 	= length of the tube�x 	= Distance from process to any point along the tube�						Q(x)	= Heat flux at x along the tube��		Figure 2.1��If we analyse an element of tube of length dx (refer figure 2.2), the heat balance equation can be described as :�	Heat entering at x  - Heat leaving at (x+dx) = Lateral heat losses over dx�������� �Figure 2.2�	�������The heat loss due to convection is given by the following formula:�		� EMBED Equation.2  ���				2.1��
The heat flow, Q(x), at x is proportional to the temperature gradient along the pipe at x:��		� EMBED Equation.2  ��� 				2.2�Taking the derivative relative to x we get:�		� EMBED Equation.2  ���				2.3�By combining 2.1 & 2.3 we get the general differential equation:�	� EMBED Equation.2  ���				2.4�By integration we obtain the following general equation:�	� EMBED Equation.2  ���			2.5�	where A & B are constants.�The only assumption made has been that the heat transfer coefficient, h, remains constant along the length of the cooling tube, this is not quite true as it depends to some extent on the temperature T(x) which is itself variable. In practice , we assume calculate h for T= To and for T= TL , the desired temperature at the end of the tube , and use the average value for h. �A & B are chosen to satisfy the boundary conditions. The conditions are:�		� EMBED Equation.2  �����From these two conditions we determine A & B and the equation finally becomes:�	� EMBED Equation.2  ���	2.6�And the temperature which is of interest to us , TL , is given simply by:����		2.7	���or����  2.8				
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Determination of the heat transfer coefficients��For a horizontal tube, with natural convection only (worst case), we have:�		� EMBED Equation.2  ���						3.1�		with 	h in � EMBED Equation.2  ���,�			LMTD = Log Mean Temperature Difference (°C)�			Do in metres��For a vertical tube, with natural convection, we have:�		� EMBED Equation.2  ���						3.2�		with the same units as previously and L in metres.��And the LMTD is calculated as follows:��		� EMBED Equation.2  ���				3.3��


Thermal conductivity of various metals��	Carbon steel			k	=	190   	kJ/m.°C.hour�	316SS/304SS			k	=	52     	kJ/m.°C.hour�	Copper			k	=	1380 	kJ/m.°C.hour�	(0.8Cr/0.5Mo) steel		k	=	157   	kJ/m.°C.hour�	Cupronickel(70Cu/30Ni)	k	=	103   	kJ/m.°C.hour�	Monel				k	=	83 	kJ/m.°C.hour��


Examples��Process temperature 400°C, maximum allowable temperature at the gauge 60°C.�Ambient temperature 40°C.�The cooling pipe is made of 19mm (3/4”) carbon steel pipe�	Do	= 26.6 mm�	Di 	= 20.9 mm�	k	= 190 kJ/m.°C.hour��For a horizontal pipe the problem is easy as Do is known:�	LMTD	= 118°C			based on 3.3�	h		= 38 � EMBED Equation.2  ���	based on 3.1�	L		=  0.404m	 = 404 mm	based on 2.8��
�For a vertical pipe the problem is more complicated as L is not known. Let’s start by assuming L=400mm.�	L= 0.4 m gives 		h1 = 21.6 � EMBED Equation.2  ���	based on 3.2�	L1= 0.536 m								based on 2.8�Using L1 =0.536 m we get 	h2 = 20.0 � EMBED Equation.2  ����	L2=0.557 mm��Using L2 = 0.557 m we get	h3 = 19.8 � EMBED Equation.2  ����	L3= 0.560 mm��At this stage, the iteration is sufficient, Lmin = 560mm.��Note that this applies only to the flooded section of tubing when dealing with condensing vapours.�


Other Considerations��The heat has been assumed to travel in the metal and by conduction only. The fluid within the tube will also transport heat by conduction and also by convection. Allowance for this can be made by multiplying the fluid area (� EMBED Equation.2  ���) by the fluid conductivity and dividing by the metal conductivity, this will give you the additional equivalent metal area to add to the tube (thereby giving an equivalent tube internal diameter, smaller than the actual one, to account for the fluid conductivity). Alternatively, leave the tube dimensions as they are and calculate an equivalent metal conductivity to allow for the fluid conductivity :� EMBED Equation.2  ���. For most liquids, this correction is small, for gases it is negligible.�The effect of convection is not so easy to predict. For a horizontal tube it can be neglected. For a vertical tube pointing upward the effect will be maximum, if it points downward the effect will not exist at all. My own approach is to allow for conductivity for liquids and ignore internal convection as the external natural convection assumption on the outside of the tube is often pessimistic (ie there is wind or air draft more often than not, and the ambient temperature chosen is often the highest possible one can dream of). To minimise convection, the internal diameter should be as small as possible





