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Abstract: In this paper the process of interfacing Shell and Tube Heat exchanger (STHE) with a PC through
VDPID03 DAQ card is presented. The DAQ card used for data acquisition consists of analog to digital converter
(ADC), digital to analog converter (DAC) and a microcontroller on a single board. A LabVIEW program has
been developed to run the hardware as well as to capture the data. LabVIEW platform has been used to produce
a graphical view of the user interface. RS-232 serial communication channel is used to interface the PC with the
DAQ card and the signals from the plant are acquired to the PC. The STHE VTPA-H-353 is a versatile and
reliable computer based temperature process controller. A graphical program has been developed for the real
time data acquisition from the VTPA-H-353 using microcontroller based data acquisition hardware unit.
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1. Introduction
Heat exchanger is one of the major components extensively used in process industries. Heat exchangers are
devices in which heat is transferred between two fluids without any mixing of the fluids. Temperature of outflow
in a heat exchanger is an important parameter which needs to be monitored by the control engineer to ensure
smooth functioning of the process. Data acquisition from the plant is most essential along with the controller
design for the smooth running of the heat exchanger. Desmond Tay et.al. described the data acquisition
techniques involved for microprocessor package thermal characterization [1]. Many research works have been
carried out for exploring data acquisition and implementing intelligent control algorithms on heat exchanger.
Diaz et al. described the detailed work on the system modeling of heat exchanger using neural network [3]. Once
the model is obtained after studying the plant behavior, different controllers can be designed and implemented.
The shell and tube heat exchanger (STHE) is modelled and has been interfaced with a PC for implementing
controller mechanism. The work proposed will explore and outline the real-time based data acquisition from the
STHE. In this work LabVIEW was chosen as the suitable platform to develop graphical program [2]. Data
acquisition of the STHE with the help of NI LabVIEW and VDPID-03 hardware unit is presented in this paper.
With the advancement of science and technology, controlling the real time instruments became easier with
the “graphical user interface”. LabVIEW is the software programming environment developed by National Instruments (NI) [6]. It is very similar to other programming languages conceptually but the distinguishing
feature is the graphical editing which doesn’t require the programmer to write textual code. Programs of this
environment are called as virtual instruments or VIs, since they represents physical instrument’s operation.
In LabVIEW the functional operation of the heat exchanger is represented as the front panel and the logic or
the code is written in the form of block diagram. According to the logic of rate of data transfer required for serial
communication the block diagram is developed. Data framing was done on the logical side of the program. Since
heat exchanger is a bit slow process [4] [5], the baud rate was kept much higher in order to read the data
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accurately while the STHE was running. LabVIEW provides much easier way of controlling physical
instruments [7], hence the methodology can be extended for developing the control system with the acquired
data. Section 2 of the paper will discuss on the plant dynamics and the conditions under which the experiments
were done. Next section will elabotrate the data acquisition hardware specifications and its operation. The
program logic involved for data acquisition from the heat exchanger is described in Section 4. Concluding
remarks are presented in Section 5.

2. Shell and Tube Heat Exchanger (STHE) Specifications
STHE are extensively used in process industries for heating or cooling process fluids and gases etc. A heat
exchanger typically involves two flowing fluids separated by a solid wall. They deliver reliable heat transfer
performance by utilizing a high turbulence as well as counter flow, making one or more passes. The STHE
VTPA-H-353 system is constructed using 32 copper tubes and a carbon steel shell.
The experimental set up of STHE is shown in the Figure 1. In this setup two fluids are made to flow. One of
the fluids is stored in a tank at the top and is heated by Heater1 to a particular operating temperature. The heated
fluid passes through the tubes of the heat exchanger. The cold fluid in the reservoir tank at the bottom of the
setup flows through the shell side of the heat exchanger. The objective of this work is to note down hot water
outlet temperature and cold water outlet temperature at a fixed operating temperature of hot water inlet and
constant flow rate of the cold water and hot water. The data collected will be useful for getting the mathematical
model of the plant and designing the controller in order to monitor the process.
In the work setup, the inflow rate of the two streams is measured by the Differential Pressure Transmitters
DPT 1 and DPT 2, which are connected to the orifice. Simultaneously the hot water inlet temperature is
measured with resistance temperature detector (RTD). The manipulated variable (cold water flow rate) can be
changed through I/P converter which will be actuated by the control signal generated by the controller
algorithms. The control algorithm will be designed with an objective of achieving the desired set point value for
the hot water outlet temperature. The experimental setup has been interfaced with VI Microsystems DAQ’s
module. The specifications of the STHE are listed on Table 1.

Fig. 1: Experimental setup of Shell and Tube heat exchanger (STHE).
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TABLE 1: Specifications of the system
Heat Exchanger
Type

Shell and Tube in Co-current and Counter current mode

Shell material
Tube material
Tube length

SS 316
Copper
750mm

Shell diameter

150mm

Number of Tubes
Paper title
Passes
Input
Output
Sensor
Transmitter
Characteristics
Valve action
Characteristics
Valve action

37
Triangular 15 mm
Single
PID Controller
24 V
4 - 20 Ma
Temperature Sensor
PT - 100, 3-wire
4 - 20mA/0 - 5V
Hot Water Control Valve
Equal percentage
Air to open
Cold Water Control Valve
Equal percentage
Air to close

3. Data Acquisition Unit- VDPID03
In this section hardware specifications of a specially designed ADuC841 microcontroller based VDPID-03
unit shown in Fig. 2, which is used for monitoring and controlling the STHE (supplied by M/s V-I Microsystems,
India) will be presented. The functional diagram of VDPID-03 based data acquisition card is displayed in Fig. 3.
The ADuC841 is a complete smart transducer front end, that integrates a high performance self-calibrating
multichannel ADC, a dual DAC, and an optimized single-cycle 20 MHz 8-bit Microcontroller unit (8051
instruction set compatible) on a single chip. The ADuC841 is clocked directly from an external crystal upto 20
MHz. The microcontroller is an optimized 8052 core offering upto 20 MIPS peak performance. Three different
memory options are available offering upto 62 kBytes of nonvolatile Flash/EE program memory.

Fig. 2: DAQ card VDPID-03

In addition, 4 kBytes of nonvolatile Flash/EE data memory, 256 bytes RAM and 2 kBytes of extended
RAM are also integrated on-chip. The parts also incorporate additional analog functionality with two 12-bit
DACs, power supply monitor and a band gap reference. On-chip digital peripherals include two16-bit DACs, a
dual output 16-bit PWM, a watchdog timer, a time interval counter, three timers/counters and three serial I/O
ports such as Serial Peripheral Interface (SPI), Inter Integrated Circuit (I2C) and Universal Asynchronous
Receiver Transmitter (UART).
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Fig. 3: Block diagram representing the operation of the DAQ unit

VDPID-03 unit is interfaced with PC through RS 232. The PC uses LabVIEW software as a tool to handle
all the activities of the STHE such as process monitoring and data interpretation. The card is also LABVIEW
compatible and works within the same PC platform (WindowsXP/Win7). The main function of this card is to
allow real time communication between the PC and measuring instruments used in the STHE. The main
advantage of the card is that the users have the flexibility to develop their own GUI (Graphical User Interface).
The developed GUI is used to control and monitor the status of the STHE process plant.

4. Data Acquisition from STHE - Serial Communication Logic Description
In the experimental setup RS-232 cable is used to connect the data acquisition unit to the PC, where data
transfer occurs from the plant to the PC. In the block diagram code shown in Fig. 4 six parameters for serial
communication need to be declared. Baud rate of the transmission, number of data bits that encode a character,
sense of the optional parity bit and the number of stop bits are major parameters amongst them. A character
frame packages each transmitted character as a single start bit followed by the data bits. Baud rate is a measure
of data movement rate happening between the instruments that follows serial communication. Data bits are
transmitted upside down and backwards, which means that inverted logic is used and the order of transmission is
from least significant bit (LSB) to most significant bit (MSB). To interpret the data bits in a character it should
be read from right to left. Next to data bits there are parity bits in the character frame. It follows an inverted logic
and used for error check during the data transmission.
Block Diagram Code for specifying the parameters

Fig. 4: Initial section of the LabVIEW-VI describing the specifications of the parameters.
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Since the VDPID-03 data acquisition unit supports NI platform and it is a serial device connection was done
using RS232 with the baud rate fixed to 38400. The program shown in Fig. 5 performs the Serial port read, serial
port write or a combination of these actions with the proper settings of buffer size, termination characters and
XON/XOFF flow control. In the front panel of the program the read operation from the heat exchanger has been
enabled. The provision of both Read/Write operation has been kept in the front panel. If both are selected, the VI
will write the data first, read the data and then close the VISA session that is opened to the port. In the
experiment carried out the parameters specified for read operation are timeout = 10s, buffer size = 4096, block
sampling time = 0.01s. According to this read operation logic bytes to read parameter specifies the number of
bytes that the serial port reads. If there are more bytes at the port than the number specified then timeout error
will occur.

Fig. 5: Data-framing and conversion of serial to parallel read format

In the front panel shown in Fig. 6, input buffer size is an important setting which is used to control the
application. In the VISA resource name the COM1 port was selected after connecting the DAQ card, the input
buffer size is also an important parameter for the read operation which was set to 4096. The flow control option
for XON and XOFF, allowing the user to choose those control characters. The XON/XOFF characters were sent
from the receiver end to the sender in order to acknowledge the communication. These characters will go the
opposite direction to the data being sent. The microcontroller based circuit starts in the ‘sending allow’ state.

Fig. 6: LabVIEW front panel display for the data acquisition from heat exchanger

http://dx.doi.org/10.17758/UR.U0315217

52

When receiver’s buffer limit goes full, the receiver transmits the XOFF character to the sender side to hold
communication. Next, the receiver empties the buffer and sends XON character to the sender to resume
transmission. The timeout parameter has been brought to the front panel so a user can specify the time period the
VISA Read will wait for the number of bytes to read before timing out. In the front panel the option of set point
and controller output displays are kept because after the data acquisition the next objective will be design a
controller to control the flow of cold water into the heat exchanger. In the read operation, the front panel displays
the Cold water inlet temperature and hot water outlet temperature from the heat exchanger.

5. Conclusion
In this paper the method of data acquisition using LabVIEW VI is presented. The benefits of graphical
programming were the extensive support for accessing instrumentation hardware in graphical nodes. With the
inclusion of drivers and abstraction layers for many different types of instruments it provides easier way to
design. The abstraction layers offer standard software interfaces to communicate with hardware devices. The
provided driver interfaces save program development time.
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