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Tube side performance of new efficient composite enhanced
heat exchanger
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Abstract: By building a platform for testing heat transfer and pressure drop performance, the thermal performance
and flow resistance on the tube side of an internally ribbed twisted tube heat exchanger are examined. Based on
the experimental result, correlations for the heat transfer coefficient and friction factor with tube side Reynolds
number are obtained. This paper compares and analyzes the heat transfer, pressure drop and comprehensive
performance of internally ribbed twisted tube, smooth twisted tube, internally ribbed circular tube, and general
smooth tube with similar geometric parameters. The results show that although the internally ribbed twisted tube
gives slightly higher flow resistance, it presents the highest heat transfer coefficient and comprehensive
performance among these tubes. The coupled enhancement effects for heat transfer resulted from internal rib and
twisted tube are obvious, and this structure will be widely used in the industry.
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Table 1 Investigations on kinds of heat exchange tubes

Ref.  Testing tube

Testing range and parameter

Correlations of tube side

[10] smooth tube  Re;<1.2x10°, Pri=0.7—120, L/d;=60 m=0.4 when heating, m=0.3 when cooling

[11] smooth tube Re<3x10°
[91 ribbed tube P=12—21 MPa, ¢=60—250 kW * m >, Re<251000, Pr=0.87—2.26
[8] ribbed tube 0.024<e/Di<0.041, 25°<a<45°, 5.08<Pr<6.29

[6-7] twisted tube S/d=6.5

Re=(2x10%)—(2x10%)

TIw/T=1.0—1.6

test medium is air

Nu; = 0.023 Re"* P
£=0.0032 +0.221/Re?*’
Nu; = 0.02358Re812 p0214
Nui = 0.00933Re; 18 Ns® 2 (e/d) 3% o0 pp
f: — 0.108Rei—0,282]vs0.21l(e/di)0.785&,0.78

-0.55 2
Nu, =0.0182Re* I exp|1.95 T—“—l
T, T,

fi=0.4Re*, Re; =(1.5X10H)—(9 X 10%
fi=0.62Re; "% Re; =(9 X 10%)—10°
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Fig.1 TP2 twisted tube within fin and TP2 round tube
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Table 2 Relevant parameter dimensions of internally fin

twisted heat exchanger

Parameter Value
shell diameter, Dy/mm 377
tube plate spacing, L/mm 2100/2620
shell passes, 7, 2
tube major axial length, 4/mm 20
tube minor axial length, B/ mm 11.4
tube wall thickness, 6/mm 0.64
rib height, e/mm 0.3
tube lead, S/mm 300
fin number of one circle, Ns 75
tube passes, 7; 2
tube number, N 180

.

1.2 SN 753

S0 32 AR P R SCHL i e BB s 0
T R RRE, TR TR A R BCR SRR . o
S id I SEES T VA A 1S AR A R B0 B
L, REHERE WA R SR w TR i
PoK. MBS SREGEAT A, AKX RAL #4
JEE 22 B0 Iy 378 K2 S A TS R B s AR
AAPH T B T IR SRR, I AME IR R
B ST A B R AL

TEM SRS PR R R E, R #OKE



2

%2 39

RS AR GRS I R T R

* 455

P

o ® 2650mm
T@) heat exchanger
<t
butter fly valve
fan —><

outdoor air

I

2100mm

sewer
@® heat exchanger
flow =
meter
anemometer
air outer
X

fan

steam heater

A

—

—_—D -

-
=i~

% pump

hot water tank

cold water tank

evaporative condenser

T—temperature measuring point; P— pressure measuring point

2 SR BRNNTRE

Fig.2 Schematic diagram of experimental apparatus
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Table 3 Accuracy and uncertainty of measurements

Testing instruments Range Output signal Uncertainty
RT thermocouple/’C  —100—400 voltage expanded
uncertainty U=0.4C
(k=2)
LDB flowmeter 0—150 DC4—20mA  relative expanded
/m* e« h! uncertainty
u(V)=0.17%(k=2)
pressure drop 10/80 DC 4—20 mA expanded
transmitter/kPa uncertainty
U=0.01 mA (k~=2)
hot-wire anemometer  0.3—20 voltage, 0.005

—1

/mes resolution ratio

0.1ms™
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Fig.3 Fitting curve of tube side heat transfer coefficient of

internally ribbed twisted tube
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Fig.4 Residual plot of tube side heat transfer coefficient of
internally ribbed twisted tube
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Fig.5 Heat transfer performance comparison of four heat

exchange tubes
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of three heat exchange tube
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