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INTRODUCTION
A high-temperature helium test facility (HTHF) has been 
designed and constructed to investigate the thermal-
hydraulic performance of high-temperature compact heat 
exchangers [1].  Two compact printed circuit heat 
exchangers (PCHEs) were fabricated from Alloy 617 
plates [1,2]. The test facility was designed and 
constructed for testing these heat exchangers at 
temperatures and pressures up to 800oC and 3 MPa, 
respectively.  This summary is an abridged review of the 
thermal-hydraulic correlations that will be used in this 
study for compact heat exchanger analysis.  In addition, it
briefly highlights the procedure that would be adopted for 
reducing the experimental data and the uncertainty 
analysis that would be carried out once the experimental 
data becomes available.  The heat exchanger performance
results are expected to be presented at the meeting. 

HIGH TEMPERATURE HELIUM TEST FACILITY
A high-temperature helium test facility was designed and 
constructed to ASME non-nuclear code requirements [1].
Two counter-flow PCHEs were installed in series in the 
facility for performance testing under a wide range of 
operation conditions.  The flow passages in the PCHEs 
are straight with a semicircular cross-section.  In what 
follows, some of the mean performance characteristics of 
the heat exchangers that would be deduced from the 
experiments on the facility are discussed.

EXPRIMENTAL DATA REDUCTION
a) Mean Convective Heat Transfer Coefficient Estimation
The mean overall heat transfer coefficient on either side 
of the PCHE is estimated as [3], 

mUA Q F T (1)

where U and A, respectively represent the mean overall 
heat transfer coefficient and the heat transfer area. F is a 
geometric correction factor and represents the heat 
transfer degradation due to cross flow on the inlet/outlet 
flow distribution headers on the hot side of the PCHE. 
However, in the current design the majority of the heat 
transfer surface is in pure countercurrent flow and 

therefore F is taken to be 1. Q and m, respectively

represent the average heat load and the mean temperature 
difference and are given by, 
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where cC and hC are the cold and  hot stream heat 

capacity rates, and ,c iT , ,h iT , ,c oT , and ,h oT are the cold 
and hot stream inlet and exit mean temperatures, 
respectively. Figure 1 shows the nomenclature for the hot 
and cold stream inlet and exit temperatures.

Figure 1. Nomenclature for fluid stream temperatures 
in PCHE

In terms of the thermal resistances, we have

1 1 1 .h h c c w w wUA h A h A t k A (5)

The overall thermal resistance can be determined from 
Eq. (5) based on the knowledge of flow rates, inlet and 
outlet temperatures on both sides of the PCHE. From the 
knowledge of the overall thermal resistance, it is then 
possible to estimate the magnitude of the conduction 
resistance of the wall relative to the overall thermal 
resistance. For a representative flow rate of 40 kg/h in a 
63% effective heat exchanger with hot and cold inlet 
temperatures of 1173 K  and 813 K, respectively, it is 
found that the contribution from wall resistance is less 
than 3%  of the overall thermal resistance.  The mean 
convective heat transfer coefficients on the hot and cold 
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sides were estimated from Eq. (14).  Based on the above 
argument, the last term in Eq. (5) can be dropped.

In addition, Eq. (5) can be further rearranged in terms of 
the overall number of transfer units (NTU) and the 
respective side ntu’s as,

min min

1 1 1
.

h h c c
NTU ntu C C ntu C C

(6)

minNTU UA C designates the non-dimensional heat 

transfer size of the heat exchanger. Without internal 
instrumentation (such as temperature sensors) inside the 
PCHE core, it is not possible to measure the mean 
convective heat transfer coefficients on either side of the 
PCHE. However, with certain simplifying assumptions,
the mean convective heat transfer coefficients can be 
estimated from the experimental data.  Since both the hot 
and the cold fluid is helium, it is reasonable to consider 
that the design is balanced (i.e., the thermal resistances 
are distributed approximately equally on the hot and cold 
sides). Specific heat of helium is a weak function of 
temperature and if the mass flow rates on the hot and cold 
sides are the same, we have

2 .h cntu ntu NTU (7)

Therefore, from Eq. (7) the mean convective heat transfer 
coefficient on either side can be estimated. 

b) Friction Factor Estimation
Friction factor is determined under steady fluid flow rates. 
For a given fluid flow rate, the following measurements 
are made: inlet pressure on both sides and pressure drop 
across both sides of the PCHE, inlet and outlet 
temperatures on both sides, fluid mass flow rate and 
channel geometry. Fanning friction factor is given by the 
ratio of wall shear stress w to the flow kinetic energy 
per unit volume, i.e., 

2 2 ,wf u (8)

where f  represents the skin friction component only if it 
is based strictly on the true wall shear stress.  However, 
the experimental value of the friction factor also involves 
the form losses in the heat exchanger core.  In that case, 

w represents the effective wall shear stress. The total 
pressure drop of a side with straight channels, , is 
obtained from the differential pressure transducers 
installed in the test facility.  It is the sum of frictional, 
accelerational, and form losses (entry and exit) in the 
channel and is given by [3], 
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where G is the mass flux; l the channel length; K is the 
form loss coefficient and is different for entry and exit. 
The mean density is based on the log-mean temperature 
difference and is given by,

1 .
mm ave TR p (11)

The friction factor can be obtained by rearranging Eq. (10)
and is given by, 
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UNCERTAINTY ANALYSIS
An experimental measurement has generally two 
uncertainty components associated with it: a fixed error 
(systematic or bias error, B) and a random error 
(precision, P) [4].  The magnitudes of the bias and 
precision errors will correspond to the 95% probability 
that the actual error will not be more than the estimate. 
The result R of an experiment is normally calculated from 
a set of measurements represented by 

1 2 3( , , ,..., ).nR R x x x x Assuming that the uncertainties 
in the independent variables are known, the uncertainty
R in the result is given by
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Each term represents the contribution made by the 
uncertainty in one variable, ix , to the overall uncertainty 
in the result, R  . 
All uncertainties would be calculated within the 95% 
confidence interval.  The measured variables
(temperature, pressure, differential pressure, pipe 
dimensions, etc.) and the parameters found from reference 
property data (helium density and viscosity) will contain 
bias and precision errors.  The bias error would be based 
on the instrument calibration report.  The precision of the 
instruments would be determined by capturing a large 
number of samples, averaged and the standard deviation 
multiplied by two to fall within the 95% confidence 
region.  
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HEAT EXCHANGER CORRELATIONS
These PCHEs will typically be operated in the laminar 
flow regime.  For both hydrodynamically and thermally 
fully developed laminar flow in a straight semicircular 
duct, Hesselgreaves [3] recommends the following for 
Nusselt number Nu and friction factor f.

H1Nu 4.089 ; Re 15.767 ,f (14)

where subscript H1 represents axially constant wall heat 
flux and circumferentially constant wall temperature 
boundary condition. For Re [3]
recommends using the Gnielinski correlation (developed 
for circular pipes) for the straight semi-circular channels. 
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where Pr pC k is the fluid Prandtl number with Cp

and k being the fluid specific heat and thermal 
conductivity, respectively. The Fanning friction factor f 
is defined as

2
1 1

.
4 1.8 logRe 1.5

f (16)

However, for 2,300 [5] 
recommend using the following correlation in place of the 
Gnielinski correlation.

4 3 2

H1
Re Re Re

Nu 3.5239 45.148 212.13
1000 1000 1000
Re

427.45 316.08
1000

(17)

RESULTS
A brief description of  the nature of the experiments and 
the results expected from the heat exchanger testing on 
the high-temperature test facility are presented.  In 
addition, some of the heat transfer and pressure drop 
correlations to be adopted in our study for straight 
semicircular ducts are discussed. The experimental data 
obtained from the PCHE testing in HTHF would be used 
to benchmark/improve the existing heat transfer and 
pressure drop correlations/models.
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